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EXPLOSIVES AND PROPELLANTS 


By Raymond H. Pierson 

U. S. Naval Ordnance Test Station 
China Lake, Calif. 


Explosives are chemical compounds or mixtures of chemical compounds that 
release energy when burned or detonated. They are distinguishable from fuels 
used in furnaces or heat engines in that they do not, in general, require air for their 
combustion; they contain their own oxidant. Their purposes, performance char- 
acteristics, and compositions extend over wide ranges. Sometimes great heat or 
light is desired; sometimes heat or light may be incidental and relatively unimpor- 
tant; sometimes holding heat, light, or both, at minimum levels, is desired. In 
many blasting or propelling applications, for example, only the work from ex- 
panding gases produced by combustion is of primary importance, while for a flare, 
only die production of light is essential. 

Propellants are sometimes thought of as “low explosives,” thus reserving the 
term “explosives” to mean “high explosives.” This distinction has its basis largely 
in function rather than in type of material. Furthermore, behavior of a given 
material depends on a variety of circumstances. Many materials will explode 
(detonate) if confined, but burn quietly (although rapidly) if unconfined. Some, 
which detonate if ignited by a blow (impact), will burn quietly if ignited by a 
flame. Black powder is used as a bursting charge in mining or in firecrackers, but 
burns more slowly and without detonation in fuzes and igniters. Nitroglycerin, at 
the 40% level, detonates in dynamites, but burns without detonation at the 40% 
level in a rocket propellant, or at the 20% level in a cannon propellant. The terms 
“high explosive” and “low explosive” have little significance in the discussion of 
methods for the analysis of explosive materials. 

No attempt is made in diis chapter to differentiate between commercial and 
military products because of the extent of overlap between diese two fields. Many 
products are used for both commercial and military purposes. Large stores of 
TNT were on hand at the end of both World "War I and World War II, and were 
used subsequently in commercial work. Detonating and priming compositions are 
used in conjunction with both commercial and military' applications of explosives, 
propellants, and pyrotechnics. 

* Published with the approval of the Technical Director, U. S. Naval Ordnance Test 
Station, China Lake, Calif. The author is indebted to the Joint-Army-Navy-Air Force 
Panel on Analytical Chemistry of Solid Propellants, to many individual members of the 
Panel representing the three Branches of the Department of Defense, and members of 
contractors' and manufacturers' laboratories, and to the authors and publishers of articles 
specifically cited. 
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BLACK POWDER 


Black powder is the oldest explosive, propellant, or pyrotechnic. It is given first 
place in this chapter chiefly because of its historical interest. It still has diversified 
uses, although the quantities produced have been steadily and rapidly decreasing 
during recent decades. Commercial use in the United States was 33000 tons in 
1939, 10000 tons in 1949, and only 1000 tons in 1959. Currently, black powder com- 
prises less than 3% of total production of explosives in the United States. 

SAMPLING 

From 50 to 100 g. of the original sample are crushed in small portions in a porce- 
lain mortar, and completely passed through an 80-mesh sieve, care being taken to 
avoid undue exposure to the air. The separate powdered portions are promptly 
bottled and finally, the entire sample is well mixed. 

Throughout the crushing operation, the main portions of the uncrushed and 
crushed powder are kept at a safe distance from the spot where crushing is being 
done, so that in the event of ignition of the small increment being crushed, the 
larger portions of the powder will not be ignited. 

MOISTURE 

Moisture is determined by desiccation of a 2-g. sample for 3 days over indicating 
Drierite. 


NITRATES 

Nitrates are determined gravimetrically by extraction of a weighed sample with 
warm distilled water using a Gooch crucible with a thick asbestos pad. If barium 
nitrate is present, a gravimetric determination of barium as the sulfate is made. 

SULFUR 

Sulfur is determined by a CS 2 extraction of the residue in the Gooch crucible 
from the nitrate determination, and reweighing of the dried crucible. 

CHARCOAL 

The residue in the crucible from the sulfur determination is considered to be 
charcoal and ash. 


ASH 

Ash is determined as the residue upon ignition of the charcoal. 
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GENERAL METHODS 


In order to avoid frequent repetition a number of procedures that are common 
to the systematic analysis of several explosive compositions or to the ingredients 
used in the manufacture of explosives or propellants are presented in this section 
Additional specific instructions or modifications are indicated in other sections 
v herev er necessary 

A few of the more important thermodynamic and stability tests are presented 
here man) other such tests cannot be included for reasons of space The great 
number of physical tests that are usualh conducted in the chemical laborator) or 
in close conjunction v ith it are also omitted For example tests for particle size 
ai d particle size distribution are not included here although these tests are of 
great importance in min) cases ind appear m numerous specifications for in 
gredients ballistic tests ind sensitivity tests (impact friction autoignition by heat 
and ignition by electrostatic discharge etc) are considered to be outside the scope 
of this chapter The details of many of these omitted tests and the principles 
involved may be found in standard works on explosives 1 3 4 and in military 
specifications and standards * 


HEAT OF EXPLOSION 8 


The sample is burned in an oxygen type bomb under an atmosphere of nitro 
gen or helium The preferred equipment is as follows (1) adiabatic calorimeter 
I’arr Series 1200 (Parr Instrument Company Moline 111) with Series 1100 bomb 
Series 1500 water heater and two narrow range matched thermometers having 
0 02°C graduations Scries 1600 with certificates or (2) plain jacket calorimeter 
Series 1300 with Series 1101 bomb and narrow range or differential thermometers 
having 0 01°C divisions calibrited against a Bureau of Standards certified standard 
thermometer 

The following Parr items (or their equivalent) are recommended oversize cup 
3102 fuse wire 45C1D reading Jens 3003 and ignition equipment 2900 Parr 
Manual No 120 Oxygen Bomb Calorimetry and Oxygen Bomb Combustion Meth 
ods is an appropriate reference 

Procedure -Determine the w iter equivalent of the calorimeter by burning high 
purity benzoic acid (Parr or National Bureau of Standards) m oxygen using a 
loading density (grams sample per cubic centimeter of bomb capacity) of 0 0027 ± 
0 000a g per cubic centimeter and an ox)gen pressure of 2o ± 1 atm As the 
sample cup used in calibrating must be different from the one used for heat of 
explosion d-termunlions correct the determined water equivalent for this dif 


Davis Tenney L The Chemistry of Powder ar,d Explores John Miley and Sons 
Inc \ew\ork 1943 r J ' 

' Mil, tar, Standard 286 Propellant, Sampl.n; f„, pact, on ,„d Testing June 1956 
Obtainable Iron, the Superintendent ol Document, u S Gosernment 1 ttntin„ Office 
\\ ashm n ton 2 a DC ° 

• Based on Standard Methods and Procedures for ,he Determ, natron o! Heat of Explo 
Na '° ri1 OD 
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ference, or use an auxiliary piece of metal (same type as the cup), of appropriate 
weight, in the bottom of the bomb during the calibration runs. If helium is used 
for the heat-of-explosion determinations, correct the water equivalent for the 
heat capacity difference between oxygen and helium. This difference amounts 
to 0.7 cal. per degree C. when both gases are used at 25 atm. pressure. No correc- 
tion is necessary if nitrogen is used. 

Procedure -with the Adiabatic Calorimeter.— Use a loading density of 0.0150 ± 
0.0005 g. per cubic centimeter, and weigh the sample to the nearest 0.1 mg. Follow 
the techniques of Parr Manual No. 120. Tie the fuse wire so that the length 
between electrodes is the same for each determination. Flush the bomb twice by fill- 
ing with inert gas to 25 atm. and releasing it to the atmosphere. Then fill the bomb 
a third time to 25 ± 1 atm. Adjust the temperature of the water in die calorimeter 
bucket to a temperature that is belotv room temperature by one half the amount 
of expected temperature rise, and w'eigh the bucket and water. Assemble the 
calorimeter and adjust the temperature of the circulating water to match that of 
the water in the bucket. Operate the calorimeter for 5 min., adjusting die jacket 
water to attain equilibrium, and record the bucket water temperature at 1-min. 
intervals until at least 4 readings have been made (tap the thermometers gently to 
prevent false readings). When the readings are constant, fire die charge by closing 
the ignition switch, then releasing it when the pilot light ceases to glow. Follow 
the temperature rise of the bucket water by adding hot water to the jacket. After 
the initial rapid rise of about 3 min. duration, maintain the jacket temperature as 
close as possible to that of die bucket water. When the temperature rise is nearly 
ended (about 6 min.), record the bucket water temperature at 1-min. intervals 
until 4 successive readings show no additional rise. Record the maximum (final) 
temperature. Release the gas from the bomb into a hood. 

Calculations for Adiabatic Procedure .— Correct the observed initial and final 
temperature reading by referring to the thermometer calibration chart. The cor- 
rected temperature rise is the difference between the two corrected readings. Heat 
liberated equals water equivalent times corrected temperature rise. (Make no cor- 
rection for fuse wire or acid production.) 

TT r ... , . heat liberated 

Heat of explosion m calories per gram 

grams sample 

Procedure for the Plain-Jacket Calorimeter (Isothermal).— Use a loading density 
of 0.015 ± 0.005 g. per cubic centimeter, and w'eigh the sample to the nearest 0.1 
mg. Follow' die techniques of Parr Manual No. 120. Tie the fuse wire, flush the 
bomb with inert gas, and adjust the temperature of the water in the bucket, in 
the manner described for adiabatic operations. Weigh die bucket and its w'ater, 
and assemble the calorimeter. Operate the calorimeter for at least 3 min. before 
beginning to record thermometer readings. Then record thermometer readings at 
50-sec. intervals for 12 intervals (10 min.). The rate of heat gain is determined 
from the readings of the last 5 min. of die period (provided the rise is uniform; if 
it is not, repeat the preliminary readings for determination of steady heat rise). 
At the end of die initial period, record the exact calorimeter temperature (to 
0.001 °C.) and fire the charge, releasing the sw’itch as soon as the pilot light ceases 
to glow 7 . Record also the time at the instant of firing (corresponding to the 
initial temperature). After 50 sec., record the temperature to the nearest 0.01 °C. 
and at each 10-sec. interval for a period of 50 sec. Then continue to take readings 
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Percentage of hygroscopicity of the propellant equals the sum of the percentages 
for the two specimens. 

CANNON PROPELLANTS 

Procedure .— Weigh two 100-g. portions of the propellant sample into tared 
weighing bottles with ground glass covers. Place each sample, minus the glass 
cover, in a 10-1. capacity desiccator containing 90% humidity-producing solution 
(18.6 ± 0.5% w/w sulfuric acid). Place the desiccator in an oven maintained at 
30° ± 2°C. After 4 days remove die bottles from the oven, cover eacli with its 
glass cover, cool to room temperature in a desiccator containing indicating desic- 
cant, and reweigh. Repeat the oven-humidity treatment and reweigliing daily until 
the change of weight of each bottle on successive weighings is not greater than 
0.2 mg. 

Determine the moisture content of die sample as received by the mediod of 
oven drying at 100°C. as described under “Moisture and Volatiles, by Oven Drying 
at 100°C.,’’ p. 1294. 

Percentage of hygroscopic moisture of the propellant = A + B 

where A = average percentage increase in weight of the 2 specimens subjected to the 
90% humidity at 30°C., and 
B = percentage of moisture in the propellant as received. 

MOISTURE BY THE CARBON TETRACHLORIDE 
DISTILLATION PROCEDURE 

Several types of distillation traps have been used for the determination of water 
by distillation with carbon tetrachloride. Of these, one corresponds to an apparatus 
used by the Hercules Powder Co., and another to that used by the E. I. DuPont de 
Nemours and Co. The Hercules type has a 6.0-ml. graduated portion; the Du- 
Pont type has a 1.0-ml. graduated portion. Figure 32-1 shows the 6.0-ml. tube, 
and Fig. 32-2 shows an assembly with the 1.0-ml. tube and an enlarged view of the 
tube. A suitable bath may be made by modifying either item No. 9864 or No. 
9865 of the Arthur H. Thomas Co., in order to maintain the water level at about 
the half-full position. 

For propellants or dynamites containing not more than 40% nitroglycerin, use 
a 100-g. sample for the 6.0-ml. trap, and a 50-g. sample for the 1.0-ml. trap. For 
samples of more than 40% nitroglycerin, reduce the sample size one-half. In 
case the sample contains a large amount of water, reduce die amount of sample 
taken in an appropriate manner. 

Procedure .— Place the specimen in a dry 500-ml. balloon flask and add 200 ml. of 
dry CC1 4 . Insert a plug of cotton in the top of the condenser and then connect a 
small drying tube to prevent access of atmospheric moisture. Reflux on a steam 
or hot water bath for the appropriate length of time as described for specific 
materials (see “Procedure D-l, Moisture by Carbon Tetrachloride Distillation,” 
p. 1353, and "Moisture by Carbon Tetrachloride Distillation,” p. 1374). The reflux 
should be at a rate which causes distillate to fall from die tip of the condenser at 
2 or 3 drops per sec. 

Read the point of contact of the top meniscus with the wall of the tube and 
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read the highest point of the lower meniscus Record the difference in readings 
as solume of water and calculate percentage by sveight of water considering 1 ml 
of water equal to 1 g 




VIEW A 


Hr 32 1 Water by Distillation Tube (6 ml Tvpe) Capacity of Graduated Portion 6 0 
ml Smallest Imei\als 005 ml Numbered at Each 10 ml Division Length A Must Be 
1 6 T imes as Long as B 


MOISTURE BY KARL FISCHER TITRATION 

The Karl Fischer titration is applied to many of the ingredients used in manu 
facturmg explosives or propellants and occasionally to the manufactured products 
Metal oxides oxidizing or reducing agents carbonyl compounds and many amines 
interfere unless special techniques are used to eliminate the interferences Mois 
ture in nitrocellulose base propellants is usually determined by the desiccation 
method or carbon tetrachloride distillation rather than the Karl Fischer titration 
because of sampling problems encountered in the latter case Some nitrocellulose 
base propellants can be handled directly in the Karl Fischer titration vessel using 
methanol or propylene oxide methanol (2 1) as solvent but usually a separate 
vessel and extraction procedure is desirable or necessary Of these external extrac 
lion methods the simplest involves the use of a glass stoppered conical flask and 
a sha 1 mg machine The sample is shaken with solvent for a period of 30 mm to 
several hours depending on the formulation and an aliquot is taken for titration 
Tor samples containing nitrocellulose of about 12 2% nitrogen and higher 
methanol is a satisfactory solvent But methanol has too much solvent power when 
used with nitrocellulose material of lower than 12 2% nitrogen content and as a 
consequence produces highly viscous solutions or gummy mixtures Isopropanol 
oi a mixture of isopropanol and methanol is advantageous for the extraction of 
materials containing nitrocellulose of the lower nitrogen content In other spe 
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cial cases ethylene glycol, ethylene glycol-pyridine, or methanol-pyridine mixtures 
may be used as solvents for die samples. 

The following details are recommended for work widi explosive or propellant 

materials. 

Ap paratas.—T wo automatic 25-ml. or 10-ml. burets, one for Karl Fischer (K.F.) 
reagent and one for water-in-methanol solution, are arranged to dispense into a 



Fig. 32-2. Water by Distillation Tube (I-ml. Type) and Assembly: Capacity of Graduated 
Portion, 1.0 ml.; Smallest Intervals, 0.02 ml.; Numbered at 0.2-ml. Lines; Overflow Point, 
A, Must Be at Least 5 mm. Above Line B-C. 

titration cell (tail-form beaker or jar) equipped with a cover that is gas tight or 
nearly so. This cover has openings for extended buret tips, electrodes, dry-gas in- 
let, and sample-inlet plug. Teflon is a suitable material for the cover and the 
sample-inlet plug. The sample-inlet opening is about 1 in. in diameter. When 
assembled, all die openings in the lid are tightly sealed to protect the cell from 
atmospheric moisture. Oil-pumped cylinder nitrogen is dried by passage through 
a 3 ft. tube about 1 in. in diameter, containing Drierite or magnesium perchlorate, 
followed by a 1-ft. tube containing phosphorus pentoxide or Linde molecular sieve 
No. 4A. The dry nitrogen is supplied to the titration cell, the burets, and the 
storage bottles for the K.F. and water-in-methanol reagents. When not in use. 
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after converting the weight of sodium tartrate dihydrate used to milligrams of 
water. The dihydrate normally contains 15.66% water by weight. This value 
can be checked by obtaining the loss in weight of a sample of the dihydrate 
heated in an oven at 150°C. to constant weight (about 3 hr.). 

Some activities find it advantageous to use a secondary, strong K.F. solution for 
equilibrating solvents in the titration cell before the introduction of samples. Only 
approximate standardization against the water-in-methanol solution is needed for 
this titrant. 

Procedure for Solid and Liquid Samples— Ideally, use a sample which contains 
30 to 60 mg. of water. For solids, transfer the approximate amount desired to a 
dry weighing bottle and obtain the gross weight. Transfer to the titration cell suffi- 
cient dry methanol (or other solvent) to dissolve the sample and to cover the elec- 
trodes. Consume the water in the solvent with K.F. reagent, obtaining equilibra- 
tion (end point). Transfer most of the solid sample from the weighing bottle to 
the titration cell and restopper the nearly empty bottle. Keep the time of exposure 
of the sample to the atmosphere at a minimum. Close the titration cell, stir until 
the sample is all or nearly all in solution, and complete the determination as de- 
scribed for the dihydrate standardization. Then reweigh the nearly empty weigh- 
ing bottle. 

„ „ 0AE(A - rB) 

Percentage of water = — — — — 

Wi — Jr 2 

where E = water equivalent of K.F. reagent, in milligrams per milliliter, 

A = total volume of K.F. solution added to the cell after introduction of the 
sample, in milliliters, 

B = volume of water-in-methanol solution used in back-titration, in milliliters, 
r = ratio, K.F. per water-in-methanol, 

Wi = gross weight of weighing bottle and sample, in grams, and 
I Fa = weight of nearly empty weighing bottle, in grams. 

Liquid samples are titrated in the same way as solid samples, but sample intro- 
duction to the cell may be by weight from a Lunge pipet or by volume from a 
pipet, and the amount of auxiliary solvent required may be less. 

For a direct titration with K.F. reagent alone, the calculation becomes 


Percentage of water — 


0.1 EA 
Wi - Wi 


If a sample is made up in a solvent and an aliquot is taken, a correction is ap- 
plied for the amount of water in the solvent of the aliquot. 


Percentage of water = 


0.1 E(A - S) 
JV 


where S = milliliters of K.F. reagent for the solvent, 

W = grams of sample in the aliquot, and E and A are as above. 

For many materials, the titration may be made directly with K.F. reagent to an 
end point on addition of the reagent, rather titan by back-titration of excess with 
the water-in-methanol solution. Certain commercial equipment that automatically 
determines the end point is especially convenient for the direct titration. 
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MOISTURE AND VOLATILES BY OVEN DRYING AT 100°C 

The 100 C oven procedure is a general method applicable to man) ingredients 
triple base propellants double base propellants containing less than 20% mtro 
glycerin and ball propellants (for external moisture on the latter) Propeihnts 
should be whole or cut grams but not ground samples 

Procedure— Four to 5 g of sample are weighed m a tired preconditioned 25 ml 
Erlenmeyer flask (with ground glass stopper) The flask should base a 40 mm base 
diameter 60 mm height and 15 mm neck opening 1 he assembly is heated un 
stoppered for 2 hr at 100* ±2 C in an o\en at atmospheric pressure It is then 
cooled in a desiccator for at least 30 min At the end of this time the flask is re 
stoppered and reweighed The loss in weight is cilcuhttd to percentage of mois 
ture and volatiles 

Caution Special ovens are required and overheating must be avoided 

MOISTURE AND VOLATILES BY VACUUM OVEN 
DRYING AT 55°C 

The determination of volatiles by vacuum oven is at times required for single 
base propellants and for heat sensitive materials 

Procedure— A 10 g sample is placed in a tared prt conditioned aluminum or 
glass weighing dish having 60 mm diameter and a 30 mm depth ~l he assemblv is 
heated for 6 hr in a vacuum oven maintained at 5 j' =t 2°C and an absolute pres 
sure of 80 ± 10 mm of mercury (a pressure regulating dev ice is required in con 
nection with a vacuum s)stem) The dish and sample are cooled in a desiccator 
and reweighed Percentage of moisture and volatiles iv calculated from the loss of 
weight during heating 


NONAQUEOUS TITRATION 

Nonaqueous titration has been applied to the analysis of a variety of explosive 
materials Details of the procedure as utilized for the determination of potassium 
nitrate and of potassium sulfate are presented in the section on nitrocellulose base 
solid propellants under Potassium Nnrate by Nonaqueous Titration p J398 
and Potassium Sulfate by Nonaqueous Titration p 1 399 The detailed procedure 
for die determination of ammonium nitrate is given in the section on composite 
propellants under Ammonium Nitrate by Nonaqueous Titration p 1406 

Table 32 1 is based on an article b) Sarson and shows some of the explosive 
compositions to which the nonaqueous method has been advantageously applied 
Inorganic nitrates are separated from organic mtro and nitrate compounds by ex 
traction of the organic materials with hot methyl isobutyl ketone Ammonium 
nitrate is determined by a colorimetric titntion m dimethylformamide total in 
organic nitrates by a colorimetric titration m acetic acid For these titrations of 
inorganic nitrates a standard solution of perchloric acid in dioxane is used Tn 
nitrotoluene (TNT) dmitrotoluene (DNT) cyclotnmethylenetnmtramine (RDX) 
and pentaerythritol tetranitrate (PETN) are titrated potentiometrically in methyl 
isobutyl ketone using i standard solution of tetrabutyl ammonium hydroxide in 
Sarson R D Anal Chem 30, 932 1958 
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Table 32-1. Some Compositions Amenable to Analysis by Nonaqueous Titration 


Per Cent by Weight of Various Ingredients 


NH 4 N 03 

NaNOs 

TNT 

1 DNT 

NG 

RDX 

PETN 

70 

20 

10 





70 

20 


10 




50 

20 

15 

15 




70 

10 



20 



60 

20 




20 


70 

10 





20 


methanol or benzene. Nitroglycerin is determined by evaporating off the methyl 
isobutyl ketone used as separating solvent, taking up the nitroglycerin (NG) in 
dimethylformamide and titrating potentiometrically using standard tetrabutyl am- 
monium hydroxide solution. 

STABILITY BY INTERNATIONAL TEST AT 75°C. 

Procedure.— A 10-g. sample of the explosive is placed in a tared weighing bottle 
35 mm. in diameter and 50 mm. deep, on top of which is placed a watch glass. 
The bottle and contents are heated at 75°C. for 48 hr., cooled, weighed, and exam- 
ined for fumes or decomposition as indicated by appearance or odor. If the loss 
in weight exceeds any moisture present in the sample, as determined by drying in 
a desiccator, volatility or decomposition is indicated. This test is applicable to 
commercial blasting, as well as military explosives, and is significant only when 
the material is volatile or unduly unstable. It is of interest chiefly as a preliminary 
test for new explosives. 

STABILITY BY POTASSIUM IODIDE-STARCH TEST 

For stability by the potassium iodide-starch test, see the description given under 
“Stability Test: Heat Test with Potassium Iodide-Starch Paper,” p. 1333. 

STABILITY BY HEAT TEST AT 120° OR 134.5°C. 

WITH STANDARD METHYL VIOLET TEST PAPER 

The stability test with standard methyl violet test paper is applied to nitro- 
cellulose and to propellants. The test at 134.5°C. for nitrocellulose is described 
in detail under “Stability Test at 134.5°C. Using Methyl Violet Paper,” p. 1334. 
When applied to propellants, the following changes from the procedure for nitro- 
cellulose may be made (as required by applicable specifications): (1) tests may be 
required at 120°C. or at 134.5°G. or at both temperatures; (2) 5 replicate specimens 
are run (the color test is considered complete when any tube has changed color 
completely); (3) after completion of the test for color diange, the test, when made 
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Adjust the total volume of the heating tube and the helix (up to the fiducial 
mark) to exactly 6 ml., by placing an appropriate number of 3-mm. glass beads in 
the heating tube. 

Note.— The average volume of the beads in a lot can be calculated by placing 100 beads, 
10 at a time, in a buret partially filled with distilled water, noting the water displacement, 
and dividing by 100. The uniformity of the lot may be checked by noting the displace- 
ment of each set of 10 beads. 

Reconnect die helix to the apparatus. 

Procedure— Make duplicate determinations. Prepare the propellant specimen 
by grinding or rasping so that its particles are in the range 10- to 40-mesh in size. 

Transfer a 1.000 ± 0.00 1-g. specimen to the heating tube, connect the tube to 
the helix, and heat the tube in the heating block at 110° ± 0.1°C. 

Adjust the 3-way stopcock, H, in the connecting tube so that the helix and heat- 
ing tube are connected to the nitrogen supply and vacuum pump L. 

Evacuate the tube and helix to a pressure of 5 mm. mercury. Then allow nitro- 
gen to enter the tube and helix at such a rate that bubbles will form in the bubble 
counter too rapidly to be counted but slow enough so that they will not vigorously 
agitate the liquid. 

Repeat the evacuation and nitrogen purging 4 times more. At the end of the 
fifth purge, adjust the stopcock, H, to seal the helix and heating tube. Disconnect 
the nitrogen-evacuation system. (The nitrogen in the system should be at ap- 
proximately atmospheric pressure.) 

Allow the tube and helix to remain sealed for 15 min. while continuing the 
heating. 

At the end of 15 min., release the pressure from the helix by opening the stop- 
cock, H, and quickly closing it again. 

With the stopcock turned so diat the helix is sealed and the manometer is open 
to atmosphere, raise the level of the mercury until the stopcock is full of mercury. 
Then turn the stopcock to close the system to atmosphere and open the manometer 
to the helix. With the stopcock in this position, adjust the mercury-leveling device 
until the mercury rises to the fiducial mark. Note the reading on the manometer. 
(This reading is the zero reference point from which all further readings are meas- 
ured.) Also record the barometer reading. 

After 30 min., readjust the mercury level to the fiducial mark and record the 
corresponding manometer reading. Also record the barometer reading. 

Determine the absolute pressure of the system by adding any changes in baro- 
metric pressure to the new manometer reading, and subtracting the zero reference 
reading. 

Repeat the readjustment of the mercury level and record the manometer read- 
ing every 30 min. until the mercury has risen 150 mm. above the zero reference 
point. 

Note.— T he absolute pressure for duplicate tubes of a propellant lot should agree within 
4 mm. in the 0- to 50-mm. range, within 6 mm. in the 50- to 100-mm. range, and within 
8 mm. above 100 mm. 

Average the readings for the 2 specimens. 

Prepare a graph on linear paper, with time in minutes on the abscissa and the 
average absolute pressure on die ordinate. 

Report the slope at 100 mm. and at 100 min., and report the time to 100 mm. 
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STABILITY BY VACUUM STABILITY TEST 
(FOR PROPELLANTS OR INGREDIENTS) 


The taciturn stability test is usually made at 90“C [or double base propellants 
at 100°C for single base propellants and at 120“ for certain ingredients such as 
pentierythntol tetra nitrate It has oc 
casionally been used at other tempera 
tures for example 150'C One to 5g 
samples are used depending on the type 
of material and the specifications appli 
cable 

Apparatus — The glass assembly of the 
apparatus is illustrated in Fig 32 4 
Const uit tempeiature (±0 5°C ) is main 
tamed by a reflux bath using mixtures 
of ethmol and water glvcerm and wa 
ter or toluene and xylene 
Standardization of the Apparatus — 
Determine the volume of the heating 
tube by filling it with mercury from a 
buret until the mercury reaches the 
level at which it will contact the ground 
glass joint of the capillan tube Deter 
mine the unit capacity of the capillan 
by placing exactly 10 g of mercury in its 
cup and manipulating the tube so that 
all the mercury passes into the long (8o 
cm ) section of the capillary Be sure 
that the mercury remains as a cnntinu 
ous column Measure the length of the mercury column at 3 positions in the long 
section of the capillary and average the 3 measurements Calculate the unit capac 
ity of the capillary using the following formula 



B 13 59 L 

where B = unit capacity of capillary in milliliters per millimeter, 

W = weight of mercury in grams and 
L = average length of mercury column in millimeters 

Procedure for Propellants —Solventless propellants can be tested without drying 
but solvent propellants should be dried for 4 hr at 100°C before testing By 
grinding (Wiley mill) or rasping prepare a sample of about 12 mesh particles 
Place a 5 00 g specimen in the heating tube 
Coat the ground glass joint of the capillary tube with a light film of petroleum 
jelly, and make an airtight connection between the heating tube and the capillary 
by pressing the tube up against the capillary with a twisting motion 
Mount the apparatus on a rack so that the long section of the capillary is nearly 
vertical and the cup at the bottom rests on a solid support 
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Fill the cup with 7.0 ml. of mercury, and connect a vacuum line to the mouth 
of the cup. Evacuate the capillary to a pressure of approximately 5 mm. of mer- 
cury (absolute). (Evacuation is facilitated by tilting the apparatus until the 
capillary opening in the bottom of the cup is free from mercury.) 

• When the pressure has been reduced to 5 mm. of mercury, remove the vacuum 
source and allow the mercury to enter the capillary. Record the following data: 
(I) length of capillary from heating tube joint to surface of mercury pool in 
cup (Cjj; (2) height of mercury column above the surface of the mercury pool (Hj); 
(3) barometric pressure in millimeters of mercury (Pj); and (4) temperature of room 
in degrees Centigrade (t j). 

Immerse the heating tube in the constant-temperature bath, being careful not to 
loosen the connection between the heating tube and the capillary. Heat the tube 
for 40 hr. 

Remove the tube from the constant-temperature bath, and allow it to cool to 
room temperature. 

Record the following data: (1) length of capillary from the heating tube joint 
to the surface of the mercury pool in the cup (C); (2) height of mercury column 
above the surface of the mercury pool ( H ); (3) barometric pressure in millimeters 
of mercury (P); (4) temperature of the room in degrees Centigrade ( t ). 

Calculation.— Calculate the volume of gas (at standard temperature and pressure) 
liberated during the test as follows: 

Volume of gas in milliliters = (A + BC) ~ (A + BC i) 


where A = volume of heating tube in milliliters, minus 5 ml. (allowance for specimen), 
B = unit capacity of capillary in milliliters per millimeter, 

C = length of capillary from heating-tube joint to top of mercury column at end 
of test in millimeters, 

) Ci — length of capillary from heating-tube joint to top of mercury column at 
beginning of test in millimeters, 

H = height of mercury column above surface of mercury pool at end of test in 
millimeters, 

Hi = height of mercury column above surface of mercury pool at beginning of test 
in millimeters, 

P = atmospheric pressure at end of test in millimeters. 

Pi = atmospheric pressure at beginning of test in millimeters, 
t = temperature of room at end of test, and 
h = temperature of room at beginning of test. 


STRAND BURNING RATE OF SOLID ROCKET PROPELLANTS 

Detailed instructions for determining the strand burning rate of solid rocket 
propellants are given in the Navy Department Bureau of Ordnance publication 
NavOrd OD 9376. 12 The following directions are based on this reference. In- 
formation concerning the availability of sketches referred to in the original publi- 
cation may be obtained from the Bureau of Naval Weapons, Navy Department, 

12 Standard Methods and Procedures for the Strand Burning Rate Evaluation of Rocket 
Propellant Powders, NavOrd OD 9376, May, 1953. 
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graduated into 5-p.s.i. intervals (e.g., Heise-Bourdon gauge No. 2430, Heise Boui- 
don Tube Co., Inc.). 

Electric Timing Clocks.-Clocks must be suitable for recording time to at least 
60 sec., and graduated to 0.01 sec. (e.g., Precision timer Model S-l, 115 volt AC, 
60 cycle, 6 volt DC clutch, 2 hands, 1 r.p.m. and 1 r.p.s., Elec- 
tric Time Co., Inc.). 

Electric Circuits.— These must be available for controlling 
the timing clocks. 

High Pressure System, Valves, Tubing, etc.— See Fig. 32-7. 

Materials. Nitrogen Gas (Cylinders).— Cylinders should 
contain not more than 0.10% oxygen. 

Polyvinyl Chloride-Acetate Copolymer.— Bakelite VYLF, as 
produced by Carbide and Carbon Chemicals Div., Union Car- 
bide and Carbon Corp., or the equivalent. 

Liquid Plasticizer.— Flexol R-2H, as pioduced by Carbide 
and Carbon Chemicals Div., Union Carbide and Carbon Corp,, 
or the equivalent. 

Methylene Chloride, Technical Grade 

Polyvinyl Alcohol.— El vanol 90-25, as pioduced by E. I. 

DuPont de Nemours and Co., oi the equivalent. 

Glycerin, Reagent Grade. 

Aersol OT (100%), or Equivalent. 

Alumel or Chromel Wire.— No. 26 gauge (Braun and 
Sharpe), or die equivalent. 

Fuse Wire, 0.5 to 1.0 Ampere. 

Strand Inhibitor Solutions. Polyvinyl Chloride-Acetate So- 
lution (PVCA). Composition ( Weight Pei Cent): 

12.0% polyvinyl chloride-acetate copolymer. 

1.5% plasticizer. 

86.5% methylene chloride. 

Piepaiation .— Add plasticizer to the methylene chloride; nr,. 32 6. Stiani! 
then add the polyvinyl chloride-acetate copoI)mer slowly with Binning Rate Ap 
constant agitation. The resultant solution should be dear p/'oYc^ci*'' u\Vh " •* 
and free of air bubbles. The viscosity of the solution is held Stiand in' Place* 
substantially constant by dilution as necessary with methylene (Official United 
chloride. States Nat ) Pho 

Polyvinyl Alcohol Solution' (FVA). Composition ( Weight tograph.) 

Pei Cent): 



5.0% polyvinyl alcohol. 

0.2% Aerosol OT. 

10.0% glycerin. 

84.8% water (distilled). 

Pi epaiation. -Make up about a 10% solution of Aerosol OT in water. Add 
Aerosol solution and glycerin to the water and cool to 15° ± 5°C. Add the poly- 
vinyl alcohol slowly with constant agitation until evenly dispersed. Raise the 
temperature slowly to 80°C. while stirring, and continue to" heat until all polyvinyl 
alcohol has gone into solution. Cool to room temperature before using. 
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hole at least % in. from tire igniter wire. The number of holes corresponds to 
the number of fuse wires to be used. This number is dependeirt upon the num- 
ber of independent electrical circuits available in the strand burning-rate appa- 
ratus. It is desirable to use 4 fuse wires. The distance between adjacent holes 
should be accurately known (within ±0.01 in.). 

The best method for accomplishing this step is to use a drilling jig that will 
hold the strand firmly, and will indicate accurately the point at which the hole is 
to be drilled. After drilling, add the clock-starting and stopping fuse wires (0.5- 
or 1.0-amp. fuse wire depending upon clock control circuits). Apply a final coat 
of PVA solution and dry for 15 to 20 hr. at 100° ± 5°F. before burning. (After 
the final coat is applied, die fuse wires should be straightened to be perpendicu- 
lar to the strands, to prevent the wires from drying under the inhibitor and dam- 
aging the coating.) The drying oven should be in an air conditioned room held 
to the same limits of temperature and humidity as specified for die inhibiting 
operation. To ensure maintenance of low humidity of the air, the oven should 
have a forced circulation and by-pass system for partial exchange of air. 

Alternatively, the following procedure may be used: apply a third coat of PVA 
solution, and dry in the open air for a minimum of 60 min.; dry the strands in 
a laboratory oven according to the procedure indicated above, and then drill and 
wire die strands. 

Note.— The inhibiting materials and procedures described above are typical, but other 
materials or procedures may be required for some types of propellants. 

Test Procedure .— Follow the specific requirements of the applicable specifica- 
tions regarding: number of strands to be burned; inhibiting procedure; pressures 
of burning; and temperature of burning. 

Make sure the bath regulation is within the ±2°F. for the specific temperature. 

Attach the ignition and fuse wires for the strand to the appropriate terminals 
in the strand holder. Attach the holder and closure assembly, check the electrical 
circuitry, and screw the holder assembly into the burning-rate apparatus. Pres- 
surize die chamber and surge tank with nitrogen to the desired pressure (±30 
P-S-i-)- 

Condition the strands in the apparatus for not less dian 7 min. at the required 
test pressure. 

Reset the clocks to zero, make sure the pressure is adjusted at the required level, 
and fire the strand by closing the firing switch momentarily until a slight jump in 
pressure indicates that the strand is burning. Record the starting pressure, maxi- 
mum pressure attained during burning, die average pressure, and the atmospheric 
pressure. 

Record the clock readings to the nearest 0.005 sec. (or closer if greater accuracy 
is possible). 

Close the valve connecting the surge tank and the burning chamber (to conserve 
nitrogen), exhaust the burning chamber, and remove the strand holder. Care- 
fully clean die chamber and holder, removing all residue. 

Computation.— Calculate to the nearest 0.001 in. per sec., the average burning 
rate, r 0 , of each strand, and the average of replicate strands for a specified tem- 
perature and pressure. Plot on log-log paper the burning-rate curves for each 
temperature, plotting rate vs. pressure. Detailed computation procedures for each 
rocket propellant are provided in the applicable specifications. These instruc- 
tions include criteria for the rejection of values of individual burning rates of in- 
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When a blank is unnecessary, the above equation simplifies to 

(J)NV 

Percentage of ingredient = — — — Eq. 32-2 

For a Back-Titration. Case 1, Calculation Based on One Normality. 


Percentage (of ingredient sought) = 


(factor) N{B — A) 


Eq. 32-3 


where factor , N, and IV are as above, but B = milliliters of standard titrant (of 
normality N) used in back-titration of a specific amount of added reactant(s) when 
no sample is present, and A = milliliters of the same standard titrant required for 
the back-titration when a sample is present. 

Hence, ( B — A) is a measure of the reagent(s) consumed by the sample in terms 
of the back-titrant. 

For a Back-Titration. Case 2, Calculation Based on Two Normalities. 


Percentage (of ingredient sought) = 


(factor) {AN — BN') 
TV 


where factor and W arc as before, but 

A = milliliters of a first standard titrant added in excess, 
N = normality of titrant A, 


Eq. 32-4 


B = milliliters of a second standard titrant used in back-titration, and 
iV' = normality of the titrant used in back-titration. 
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This section on ingredients presents analytical procedures for only a few o£ the 
many hundreds of ingredients used in manufacturing explosives and propellants 
A partial list of the more important military specifications is given m Appendix A, 
following this chapter 


ALUMINUM 

Pondered aluminum, of a wide variety of particle sizes, in flaked, grained, or 
atomized form, is used to a considerable extent in explosnes, propellants, and 
pyrotechnics 


ASSA\ OF METALLIC ALUMINUM BY WATER CONVERSION 
Procedure —A I g sample contained in a smill glass capsule is treated in a de 
composition flask with 30 ml of 20% NaOH solution The generated hydrogen 
is suept by a stream of air (using suction) through a reflux condenser a sulfuric 
acid trap, and a Dehydnte drying tube to a combustion furnace where the hydro 
gen is converted to water by reaction with the CuO filling of the tube The witer 
is absorbed in a eared absorption tube filled with Drierite, and protected from 
the air by a guard absorber containing sulfuric acid When the reaction in the 
decomposition flask is nearly complete the solution m the flask is boiled gently 
until solution is complete, and then for 30 min thereafter A blank run is made 


Metallic A1 (oil*, grease-, and water-free basis), per cent 

99 8Rd - B) - 0 00276CIK - 0 OI284ZW] 


99 8(d - B) 
W 


- 0 275C - 1 282 D 


where A — water produced from the sample, in grams, 

B = water produced by blank, in grams, 

C = percentage of Zn contained in the A1 (oil-, grease-, and moisture-free basis, 
see determination of Zn, p 1308), 

D = percentage of Si contained m the A1 (oil , grease-, and moisture free basis, 
see determination of S» p 1308), and 
JP = grams of sample 


ASSAY OF METALLIC ALUMINUM BY EUDIOMETRIC 
PROCEDURE 

Procedure .— Use a eudiometnc assembly such as that shown m Tig 32 8 Place 
dilute ILSO .4 solution (0 2% w/v) in the measuring buret and its leveling bulb 
and add a few drops of 1% methyl orange solution to improve read ibiluy Sat 
urate the solution with hydrogen and adjust the liquid level so tint liquid fills 
the bore of the tlirci way stopcock 
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Place 100 ml. of 10% w/v NaOH solution in the reaction flask, and saturate it 
with hydrogen. Weigh a specimen of the aluminum powder that will evolve 470 
to 490 cc. of hydrogen at the temperature and pressure (barometric) at which the 
evolved gas is to be measured. One g. 
of aluminum generates 1246.6 cc. of 
hydrogen at 0°C., 760 mm. Hg. Wrap 
the specimen tightly in filter paper 
and introduce it into the side neck of 
the flask, where it is supported by the 
curved-rod extension of the center 
neck closure. 

Purge the dead space of the assem- 
bly for at least 10 min. by introducing 
a stream of hydrogen at the 2-way stop- 
cock, and allowing it to exit at the 3- 
way stopcock turned open to the at- 
mosphere. Close the system at atmos- 
pheric pressure and then test for leaks 
by turning the 3-way stopcock to con- 
nect the flask and buret and lowering 
the leveling bulb. When the system 
has been found to be leak-free, and at 
least 10 min. have elapsed to allow for 
saturation of the gas space with water 
vapor, check the fiducial setting (liquid 
level in the stopcock). Read the tem- 
perature of the assembly and then cause the sample to fall into the alkaline solu- 
tion by rotating the sample retaining device. 

As gas evolution proceeds, lower the leveling bulb to maintain approximate 
atmospheric pressure. 

When the reaction is complete, bring the system to the same temperature as 
that at the time the reaction began, hold at this temperature for 10 to 15 min., 
and then read the volume of hydrogen generated. Read the barometric pressure 
and correct it for temperature of reading. 



Fig. 32-8. Eudiometer: A, Leveling Bottle; 
B, Buret, 500-ml.; C, Constant Temperature 
Baths; D, Stopcock, 3-Wa); E, Thermometeis; 
F, Stopcock, 2-Wa\ ; G, Reaction Flask, 250- 
m!.; H, Ciiculating Pump. 


Metallic aluminum, per cent 



[P-p] 273.2 \ 
7601273.2 + T]/ 


3.428 AW - 15.976 BW 


X 


0.08022 

W~ 


0.02884 F(P - p) 
jy(273.2 + T) 


- 0.2750.4 - 1.2825 


where V — hydrogen measured at temperature T°C., in cubic centimeters, 

P — barometric pressure, corrected for temperature, in millimeters of Hg, 
p = vapor pressure of water, at temperature T°C. in millimeters of Hg, 

T — temperature in °G., 

It' = sample in grams, 

-4 = percentage of zinc (Zn), and 
B = percentage of silicon (Si). 
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EXPLOSIVES AND PROPELLANTS 


VOLATILE AT 105°C 

Procedure —Determine die per cent of loss in weight of a 2g sample dried at 
I0a° ± 3°C for 4 hr 


ETHER SOLUBLE MATERIAL 

Procedure— Extract a 2-g sample with diethyl ether for 4 hr in a Soxhlet ap 
paratus Evaporate the extract m a tared beaker on a steam bath to constant 
weight 

SILICON (AS Si) 

Procedure Dissolve a 1-g sample in 30 ml of mixed acids (230 ml H S0 4 400 
ml HCl 400 ml HNO a 970 ml H a O) Then add a ml of concentrated H^SO, 
and 12 ml of concentrated HCIO., (70%) and evaporate to copious fumes Dilute 
filter ignite weigh \olatdtze with HF (plus 3 to 4 drops H_SO t ) ignite and 
reweigh Loss on volatilization (SiO a ) X 0 4672 = Si 

ZINC 

Procedure —Dissolve a 2g sample in 20 ml of concentrated HCl (Use a larger 
sample and proportionate!) more HCl if Zn content is low) Add 1 ml of con 
centrated HNO a and boil until all copper is dissolved and brown fumes have 
been expelled Dilute to 200 ml cool to about 60°C and saturate with H S 
Filter wash with dilute (1 99) H.SO, saturated with H 2 S and discard the precipi 
tate Boil the filtrate to expel H„S cool shglitl) add 20 g of tartaric acid dilute 
to 300 ml and make neutral with NH 4 OH using methyl red as indicator Add 
2a ml ol strong formic acid mixture (200 ml HCO^H 2a0 g (\H 4 ) 2 S0 4 and 
30 ml NHjOH in water to make 1000 ml ) heat nearly to boiling and saturate 
with a rapid stream of H 2 S passed in for 15 min Allow the precipitate to settle 
for 2 to 3 hr filter through a close texture quantitative paper (with added ashless 
paper pulp) and wash with hot diluted formic acid mixture (strong formic solution 
specified above diluted 2d 1000) saturated with H S Finish the determination 
gras imetncally or titrimetncally For the gravimetric method ignite to ZnO in 
a tared porcelain crucible at 700°C ZnO x 0 8034 = Zn 

For the turimemc method dissolve the ZnS m hot dilute HCl and expel H_S 
by boiling Dilute to 100 ml neutralize with hH 4 OH add buffer and titrate 
with standard disodium ethylenediaminetetraacetate solution (EDTA) m the man 
ner described for the assay of ZnO p 1343 

„ 6 538 MV 

Zn per cent = — 

where M — molanty of the EDTA solution, 

V = volume of EDTA solution used in millih ers, and 
W = weight of sample in grams 

IRON 

Procedure —Transfer to a 600 ml beaker an accurately weighed sample of about 
2 g and add 50 ml of concentrated HCl a little at a time to control rate of re 
action AN hen vigorous reaction has subsided add 60 ml of distilled water and 
boil until reaction is complete 
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Add sufficient 5% w/v aqueous solution of KMn0 4 to ensure oxidation of the 
iron present (normally a few drops are adequate). Reboil, and then reduce the 
iron by adding drop-by-drop, a freshly-prepared solution of stannous chloride (15 g. 
of iron-free SnCl 2 -2H 2 0 in 100 ml. of 1:2 HC1) until the yellow color is dis- 
charged. Add 1 drop (and no more) of stannous chloride in excess. 

Cool the solution in ice water. Then add 10 ml. of a saturated solution of 
HgCl.„ and stir for 1 min. If a fine white precipitate does not form at this stage 
(or iE~ a dark-colored precipitate forms) the specimen should be discarded and a 
new determination begun using freshly prepared reagents, and carefully following 
the specified steps. 

Dilute the solution to BOO ml., add 4 ml. of concentrated H 2 S0 4 , 10 ml. of con- 
centrated H 3 P0 4 , and 6 to 8 drops of sodium diphenylbenzidine sulfonate indi- 
cator solution (0.5% w/v in distilled water). Titrate with 0.02 N K 2 Cr 2 0 7 solution 
to a blue or bluish-purple color that persists for at least 60 sec. 

Determine a blank on the reagents used. 

Iron (Fe), per cent = (See Eq. 32-1, p. 1304.) 

Notc.— The 0.02 A' K 2 Cr 2 0 7 is a primary standard solution made by dissolving 0.9808 g. 
of National Buieau of Standaids sample No. 136 K 2 Cn>0 7 (pieviousl) dried at 110°C.) in 
distilled water to make exactly 1000 ml. 

MAGNESIUM 

Procedure.— To a 1-g. sample add 70 ml. of hot water, and gradually 20 ml. of 
20% NaOH solution. Boil, dilute to 100 ml., filter, and discard the filtrate. Dis- 
solve the residue in 15 ml. of hot 1:1 HC1. Neutralize the excess acid with NH 4 OH 
and continue the conventional gravimetric determination of magnesium by pre- 
cipitation as phosphate, filtration, ignition, and weighing asMg.,P„0 7 . Mg o P^0 7 X 
0.2185 = Mg. 


COPPER AND LEAD 

ELECTRODEPOSITION METHOD 

Procedure.— To a 1-g. sample add 75 ml. of water, and then slowly add 25 ml. 
of 20% NaOH solution. Boil, filter the solution, and wash the residue with hot 
water. Discard the filtrate. Dissolve the precipitate in 10 ml. of hot 1:1 HNO, 
and dilute to 125 ml. with distilled water. Using tared platinum-gauze electrodes 
(anode rotating), electrolyze the solution for 20 min. at 2 to 3 amp. Then add 
5 ml. ol concentrated H 2 S0 4 and continue electrolysis for 25 min. more. Test for 
completeness ol electrolysis by immersing a small clean cathode area (stem) for sev- 
eral minutes. Remove the electrodes while washing with a gentle stream of distilled 
water and complete washing by dipping in distilled water and then in ethanol. 
Dry die cathode at about 70°C. and the anode at about 130°C. Cool and weigh. 
Retain the solution for nickel determination. Copper is weighed as such; lead as 
the oxide, Pb0 2 . Pb0 2 X 0.866 = Pb. 

COLORIMETRIC METHOD FOR COPPER 

For aluminum samples of low copper content (0.2% Cu or less) the following 
colorimetric procedure for copper is recommended. 
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TIN 

Procedure.— To a 1-g. sample add 75 ml. of water and then slowly, 25 ml. of 
20% NaOH solution. Boil, filter, and wash the residue with hot water. Discard the 
filtrate. Dissolve most of the precipitate by treating it with boiling-hot 1:1 HC1. 
Ignite the paper and residue in a porcelain crucible, and add the ash quantita- 
tively to the HC1 extract. Add 20 ml. of concentrated HNO g and evaporate 
nearly to dryness (3 to 5 ml.). Add 10 ml. of HNO a and 50 ml. of hot water, 
boil, and allow to stand for about 30 min. on a steam bath. Filter through a 
small quantitative paper. Complete the determination by the Sn0 2 -volatilization 
procedure described in "Tin Dioxide by Volatilization," p. 1402, under "Propel- 
lants.” Sn0 2 X 0.7877 = Sn. 

MANGANESE (COLORIMETRIC) 

For aluminum samples of low manganese content (0.1% and lower), the colori- 
metric method, described on p. 1324, for determining manganese in magnesium 
oxide is recommended. A sample size of about 0.2 g. is appropriate for die 0.1% 
Mn level. The procedure for aluminum samples is simplified in that these samples 
do not contain an appreciable amount of chlorides. Hence, chloride removal is 
not a critical step and the proper (constant) excess of AgNO s solution is achieved 
merely by adding 5 ml. of the 1% w/v solution. 

AMMONIUM NITRATE 

MOISTURE BY THE KARL FISCHER TITRATION 
Procedure .— A sample of about 10 g. is weighed accurately by difference from 
a stoppered vial, and 50 ml. of methanol are used as solvent in the titration cell. 
The titration may be made directly widi the Karl Fischer reagent or by back- 
titration of an excess of the reagent with standard water-in-methanol solution. For 
the procedure see “Moisture by Karl Fischer Titration," p. 1290. 

ETHER-SOLUBLE MATERIAL 

Procedure .— An accurately weighed sample of about 25 g. is extracted with an- 
hydrous diediyl ether for 20 min. in a Soxhlet apparatus using an 80 by 25 mm. 
paper thimble and a tarecl receiving flask. The ether is evaporated (hood) by gentle 
heat (steam bath) and a dry-air jet, and finally the flask is dried to constant weight 
at 100°C. 


WATER-INSOLUBLE MATERIAL 

Procedure .— An accurately weighed sample of about 25 g. is transferred to a tared, 
glass, filtering crucible of fine porosity, 30 by 145 mm., and washed thoroughly 
widi hot distilled water. The residue in the crucible is then washed with cold 
distilled water, followed by several 15-ml. portions of cold absolute methanol, and 
finally by four 15-ml. portions of anhydrous diethyl ether. The crucible is dried 
by suction and then to constant weight at 100°C. Percentage of insoluble material 
in the sample is calculated from the weight of residue found. 
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INSOLUBLE MATERIAL RETAINED ON U S STANDARD 
420 /i (NO. 40) SIEVE 

Procedure .— An accurately weighed sample of about 100 g is dissolved m hot 
distilled water in a beaker and the solution is poured through a U S Standard 
420 n (No 40) sieve Insoluble matter is transferred to the sieve by means of a 
jet of hot distilled water and washed on the sieve with hot water until no more 
insoluble matter passes through The sieve and the residue retained on it are 
dried for 1 hr at I00 D C The residue is transferred to a piece of glazed paper 
and then to a tared weighing dish The dish is reweighed and the increase in 
weight is converted to percentage of insoluble matter in the sample 

ACIDITY OR ALKALINITY 

Procedure— A sample of 8 0 at 0 1 g is transferred to a 100 ml volumetric flask, 
and dissolved in recently boiled cold, distilled water The contents of the flask 
are made up to the mark and mixed The pH of the solution is determined at 
room temperature with a carefully standardized electrometric pH meter 

NITRITES 

Procedure— An accurately weighed sample of 1 g is transferred to a test tube 
(20 mm diameter) containing 10 ml of distilled witer By means of a buret or 
pipet with 0 02 ml graduations exactly 0 10 ml of sodium nitrite solution (0 OHO g 
per liter) is transferred to a similar test tube containing 10 ml of distilled water 
To each test tube is added 1 ml of 10% sulfuric acid solution and 1 ml of a 
freshly prepared colorless 0 5% solution of meta phenylenediamine hydrochloride 
(If the meta phenylenediamine solution is colored when prepared, it is decolorized 
by treatment with animal charcoal) The solutions in the 2 test tubes are each 
mixed well, and examined for coloration by looking through the sides ot the test 
tubes against a white background 11 the coloration in the sample is not greater 
than that in the standard tube, the sample contains less than 0 0001% of ammonium 
nitrite 


CHLORIDES (VOLHARD PROCEDURE) 

Procedure.— The appropriate sample size, based on expected ammonium chloride 
content, is for content below 0 02%, 30 g, for content of 0 02 to 0 20%, 10 g 
for content of 0 20 to 0 50%, 5 g The sample is dissolved in 150 ml ot distilled 
water in a 500 ml Erlenmeyer flask. Eight ml of 1 1 HN0 3 are added and mixed 
with the solution A measured excess of at least 5 ml of standard 0 05 N silver 
nitrate are added from a buret and mixed with the solution b) swirling One ml 
of nitrobenzene is added, and the flask is vigorously swirled to promote coagulation 
of the precipititc Vfter the precipitate has settled, a little more silver nitrate 
solution is added to the supernatant liquid If an excess oE the standard solution 
is present, no turbidity will appear When the supernatant liquid is clear, add 
2 to 3 ini of ferric alum indicator and back titrate the excess silver nitrate with 
005 N potassium thiocyanate to a permanent red brown color (The indicator 
is prepared by dissolving 200 g of ferric ammonium sulfate in 300 ml of distilled 
water, boiling, adding 25 ml HNO a and filtering) 

Ammonium chloride (NH t CI), per cent = - (s ee £q 32-4 ) 
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SULFATED ASH 

Procedure.— A 50-ml. porcelain crucible and its cover are ignited for about 30 
min. at 800° ± 25 °C., cooled, and reweighed. Three ml. of concentrated H 2 S0 4 and 
an accurately weighed sample of about 10 g. are placed in the crucible, the cover 
is placed upside down on the crucible, and the assembly is heated carefully on a 
hot plate and asbestos board or sand bath until all the salt has been volatilized 
(at 300° ± 25°C.). Then the assembly is placed in a muffle, ignited at 800° ± 25°C. 
for at least 30 min., cooled, and reweighed. The weight of residue is calculated 
to percentage of sulfated ash. 

ASSAY BY FORMALDEHYDE METHOD 
Procedure .— Fifty ml. of 38% reagent formaldehyde and 50 ml. of distilled water 
are mixed in a 250-ml. Erlenmeyer flask (or beaker). Four drops of 1% phenol- 
phthalein or thymolphthalein indicator solution are added and die solution is 
neutralized by drop-by-drop addition of carbonate-free 0.2 N NaOH solution (pink 
color, pH = 8.6). An accurately weighed sample of 0.5 to 0.8 g. is dissolved in 
the neutralized solution, titrated to a pink end point with 0.2 N NaOH solution, 
and an excess of about 2 ml. of the standard alkali is added. The flask is stoppered, 
permitted to stand for 45 min., and its contents are then back-titrated with 0.05 N 
HC1 to a very faint pink end point (pH = 8.0). Alternatively, a pH meter and 
glass-calomel electrode system may be used, titrating to pH 8.5. 


Ammonium nitrate (NH4NO3), per cent 


8.005 (AN - BN') 
W 


1.496C 


where C = percentage of NH4CI in the sample, as determined by the procedure given 
under “Chlorides (Volhard Procedure),” p. 1312. (See Eq. 32-4.) 

ALTERNATIVE ASSAY BY NITROMETER METHOD 
Ammonium nitrate is calculated from the percentage of nitrogen determined by 
means of a du Pont 5-part nitrometer or equivalent. No corrections for ammonium 
chloride or ammonium sulfate impurities are necessary. The method is applicable 
to samples diat may contain zinc oxide. An approximately 3-g. sample is crushed 
so that it will pass completely dirough a U. S. Standard 149-/t (No. 100) sieve. 
Exactly 1 g. of the sieved material is transferred to the cup of the nitrometer. The 
remainder of the procedure and the standardization of the nitrometer are given 
under "Nitrogen by Nitrometer Mediod,” Vol. I, p. 755. 


AMMONIUM PERCHLORATE 

MOISTURE BY THE KARL FISCHER TITRATION 
Procedure .— A sample of about 15 g. is weighed accurately by difference from a 
stoppered vial, and 100 ml. of dry 1:3 methanol-pyridine mixture are used as 
solvent in die titration cell. The titration may be made directly with the Karl 
Fischer reagent or by back-titration of an excess of die reagent with standard 
water-in-methanol solution. For procedures see “Moisture by Karl Fischer Titra- 
tion," p. 1290. 
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ACIDITY BY pH METER METHOD 
Procedure —A sample oI118±01g is transferred to a 100 ml \olumetnc flask 
and dissohed m recently boiled cold distilled water The contents of the flask 
are made up to the mark and mixed The pH of the solution is determined at 
room temperature with a carefully standardized electrometric pH meter 

CHLORIDES 

Procedure —A. 20 g sample weighed to the nearest 0 01 g is dissohed in 150 ml 
of distilled water in a 500ml Erlenmejer flask The Volhard determination of 
chloride is then completed exactly as described under Chlorides p 1312 

BROMATES 

Procedure — Two hundred ml of freshl) boiled cold distilled water and 5 ml 
of concentrated HCI are placed in each of two 500 ml glass stoppered Erlenmeyer 
flasks \bout 0 5 g of sodium bicarbonate is added to each open flask and swirled 
Twenty g of sample (weighed to nearest OOo g) are added to 1 flask and 5 ml of 
0 0200 A potassium lodate solution are pipetted into the other About 1 g of 
potassium iodide is added to each flask the flasks are stoppered and stored in a 
dark cabinet for 1 hr 1 he stopper is removed from the flask to which the sample 
was added 5 ml of staich indicator are added and the contents are inrated with 
0 02 \ sodium thiosulfate solution to disappearance of die blue color The con 
tents of the other flask are titrated m a like manner 

0 243/4 

Ammonium bromate (NH 4 B 1 O 3 ) per cent =* 

where A = sodium thiosulfate solution used for the sample in milliliters 

B = sodium thiosulfate solution used for titrating 5 ml of 0 0200 N potassium 
lodate solution in milliliters and 
IV = weight of sample taken for analysis in grams 

CHLORATES 

Reagents Terrous Ammonium Sulfate Solution, Approximately 0 01 N — Add 
100 ml of concentrated H 2 S0 4 to about 500 ml of distilled water boil the solu 
tion and dissolve m it 4 000 g of ferrous ammonium sulfate hexahydrate (FeS0 4 
[NH 4 ] >S0 4 6H 2 0) Saturate the solution with C0 2 as it cools to room tempera 
lure When it is cool make the solution volume to 1000 ml in a volumetric flask 
usj-Bjj recently hailed. an/L roofed. dxsjjJfeji w mat. th.it, has. h/tto. iitiimt/td. u.'tii. CfX>~ 
Store the reagent in a dark bottle and prepare fresh if the available solution is 
more than 1 week old or if it shows visible evidence of oxidation 
Potassium Permanganate Standard 0 01 A Solution —Dilute 100 ml of a stock 
0 1 N K.]Mn0 4 solution with freshly boiled and cooled distilled water to make 
1000 ml and store the solution in a dark bottle Standardize m the conventional 
manner against a 0 01 N sodium oxalate solution prepared by dissolving 0 6700 g 
of dry reagent (National Bureau of Standards No 40e) m 1000 ml of distilled water 
Procedure —Place 30 ml of distilled water m a 300 ml iodine flask having a 
standard taper neck Boil the water for a few seconds and add 20 to 40 ml of 
0 01 N ferrous ammonium sulfate solution The amount of ferrous solution added 
should be in substantial excess of the amount required for reaction with the 
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chlorates of the sample. Bring the solution to boiling again and add 2.00 g. of 
sample through a dry powder funnel. Attach the flask to a reflux condenser and 
reflux the sample solution for 10 to 12 min. Disconnect the flask from die con- 
denser and back-titrate the excess ferrous ammonium sulfate with standard 0.01 N 
KMn0 4 solution. Make a blank determination on the same amounts of reagents 
as those used for the analysis of die sample. 


Ammonium chlorate (NH 4 CIO 3 ), per cent 


1.69 N{A - V) 
W 


0.70 B 


where N = normality of the standard 0.01 N KMn 04 solution, 

A — volume of standard KMnCh solution required by the blank in milliliters, 

V = volume of standard KMnO< solution required by the sample in milliliters, 
W = weight of sample in grams, and 

B = percentage of ammonium bromate in the sample, as determined by the 
procedure described in the preceding section. 


ETHER-SOLUBLE MATERIAL 

The determination of material soluble in diethyl ether is performed exactly as 
described under “Ammonium Nitrate,” “Ether Soluble Material,” p. 1311. 

WATER-INSOLUBLE MATERIAL 
The determination of insoluble material is performed exactly as for “Ammonium 
Nitrate,” "Water-Insoluble Material,” p. 1311. 


SULFATED ASH 

The determination of sulfated ash is performed exactly as for “Ammonium 
Nitrate,” “Sulfated Ash,” p. 1313. 

ASSAY BY SODIUM CARBONATE FUSION 
(VOLHARD TITRATION METHOD) 

Procedure.— An accurately weighed sample of about 0.5 g. is added to a 40-ml. 
platinum crucible containing approximately 5 g. of sodium carbonate, and mixed 
carefully to avoid mechanical loss of sample. The crucible is nearly filled with 
sodium carbonate using a known weight so that a correction can be made for 
the chlorine impurity of the carbonate. The sodium carbonate is gradually fused 
over a low flame for about 30 min. and then heat is slowly increased until the full 
flame of a Meker burner is in use. When fusion is complete, the melt is cooled 
and dissolved in a covered beaker containing distilled water and an excess (usually 
about 35 ml.) of 1 : 1 HN0 3 . The solution is quantitatively transferred to a 500-ml. 
Erlenmeyer flask and diluted with water to about 150 ml. Exactly 50 ml. of 
0.1000 A 7 AgNOg (primary standard solution) are measured into the solution by 
pipet or buret while the solution is agitated by swirling. The Volhard determina- 
tion of chlorides is then completed as described above, p. 1312. 

Alternatively, the titration may be made potentiometrically using a silver indi- 
cator electrode system, and obtaining the end point directly with silver nitrate as 
titrant. 


Ammonium perchlorate(NH 4 C 104 ). per cent 


11.75(/LV - BN') 


- 2.20 C - 1 A6D 


IV 
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where C = percentage of ammonium chlonde found by procedure given for “Chlorides,” 
p 1314, and 

D — percentage of ammonium chlorate found by procedure given for “Chlorates,” 
p 1314 (See Eq 32-4 ) 


1 , 1 -DIMETH YLHYDRAZI NE (UDMH, UNSYMMETRICAL 
DIMETHYLHYDRAZINE) 


ASSAY 

Procedure —Using a sample of 0 50 to 0 60 g in a sealed glass ampoule, determine 
the content of unsymmeirical dimethylhydrazine (UDMH) by titration with stand 
ard 0 1 AI potassium todate solution following the potenuometric procedure de 
scribed under the assay method for hvdrazme p 1317 In the case of the I 1 dimetli 
vlhvdrazine the temperature throughout the titration should be maintained in the 
range —5* to -+-10'C and the titration should be completed within a total time 
of 5 mm \t the end point the solution will be light yellow and the steep potential 
increase will be m the range 0 67 to 0 70 volts 


UDMH per cent = 


12 02 AM 
W 


where A ■=* standard 01 U todate solution used in milliliters, 

M =* molanty of the lodate solution, and 
W = weight of sample taken for analysis in grams 

MELTING POINT 

Procedure —Use a capillary melting point tube (15 to 2 0 mm by 90 mm) filled 
by means of a small tuberculin hypodermic svringe and a stainless steel spinal 
needle (20 gauge 3*4 in long) and avoid getting any sample on the upper part 
of the capillary Seal off the tube about 1 cm from the open end using a very 
small hot flame and avoiding contamination of the tube contents with combustion 
gases Place acetone in an unsilvered Dewar flask to a depth of about 100 mm 
and add bus of dry ice until the temperature is in the range —62° to — 6f°C 
Freeze the sample attached to a low temperature ASTM No 6C thermometer (—80° 
to +20'C in 1»C divisions 76 mm immersion) in an acetone dry ice mixture and 
immerse it in the liquid in the Dewar flask to the 76-mm immersion mark Allow 
the temperature m the DewaT flask to use at a rate not greater than 1 0°C per 
min (preferably 0 5* to 0 8°C per min ) and record the temperature at sshich the 
sample becomes completely liquid Calibrate the thermometer by taking the meU 
ing point of pure chloroform (—63 5°C) m a capillary and apply a suitable correc 
tion for any difference found to the melting point of the dimethylhydraztne 

DISTILLATION RANGE 

The vapor temperatures are recorded when 10 ml and 90 ml have been collected 
in the receiving graduate on distilling a 100 ml sample in a special distillation 
assembly described in military specification MdD25604B Details of the equip 
ment and procedure are given in the cued specification but, for reasons of space, 
are not reproduced here 
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WATER 

Maximum water content may be calculated from the 90-ml. distillation tempera- 
ture as follows: 

Weight per cent water 

= 0.14 [(corrected 90-ml. distillation temperature in °F.) — (146°F.)] 

Since the maximum water content usually allowed is 0.3%, it can be calculated 
that the temperature at the 90-ml. recovery point cannot exceed 148.1 °F. if the 
water-content limitation is met. 

Alternatively, water may be determined spectrophotometrically by the method 
described for the alternative procedure for water below, p. 1318, using the peak 
for water in the near infrared at 1.9 m and with a pure water-free sample of 
1,1-dimethylhydrazine in the reference cell. 

HYDRAZINE 

HYDRAZINE CONTENT (ASSAY) 

Reagent. Standard Potassium Iodate Solution.— Dissolve 21.402 g. of potassium 
iodate (dried at 180°C.) in distilled water and dilute to 1000 ml. in a volumetric 
flask. Dissolve exactly 0.5000 g. of pure dry hydrazine sulfate in a cooled solution 
of 85 ml. of concentrated hydrochloric acid and 50 ml. of water in a 500-ml. iodine 
flask. Titrate with iodate solution in the manner described for assay of hydrazine 
content of a sample. The 0.5000 g. sample of pure hydrazine sulfate is equivalent 
to 0.1232 g. hydrazine. F = 0.1232 per milliliter of potassium iodate solution = 
grams of hydrazine equivalent per milliliter of iodate solution. 

(1 mi. of 0.1 M KI0 3 solution = 0.01301 g. N 2 HjH 2 SO., = 0.003205 g. N 2 H 4 ) 

Procedure— Fill a tared glass ampoule with chilled sample and seal the tip of 
the capillary in a small flame. Weigh the filled ampoule containing 0.10 to 0.15 g. 
of sample, and place it in a heavy-walled glass-stoppered flask (or bottle) containing 
a cooled solution of 85 ml. of concentrated HCl and 50 ml. of distilled water. 
Pulverize the ampoule and titrate the solution with standard 0.1 M KIO g solution 
with frequent shaking until the iodine color just begins to fade. Add 10 ml. of 
chloroform and shake the stoppered flask vigorously. Titrate slowly, drop by drop 
near the end point, and with thorough shaking between additions of reagents. 
Finish the titration to complete discharge of the purple color in the chloroform 
layer. Alternatively (and preferably), the titration may be performed potentio- 
metrically (omitting addition of chloroform in this case), using a calomel-platinum 
electrode system and plotting milliliters vs. e.m.f. to locate the point of greatest 
inflection. 

„ , . 100 AF 

Hydrazine, per cent = — j-p— 

where A = standard 0.1 M potassium iodate solution in milliliters, 

F = hydrazine equivalent per milliliter of potassium iodate solution in grams, and 
IF = weight of sample taken for analysis in grams. 
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than 50-ml. increments. Allow the major portion of each increment to decompose 
before adding any more. If the solution is maintained at its boiling point, the 
decomposition operation requires 2 to 4 hr. When the peroxide is almost decom- 
posed, transfer the solution to a dean 1 000-mi. Pyrex boiling flask, covered with 
a clean ribbed watch glass. Place a small piece of clean platinum in the boiling 
flask to prevent concentrating the undecomposed peroxide, and boil the solution 
until it is condensed to a 25- to 50-ml. volume. Transfer the remaining solution 
to a 100-ml. platinum evaporating dish in an oven at 105° to 110°C. for a minimum 
of 1 lir. after all the solution is evaporated. 

Determine a blank on 500 ml. of distilled water following all the steps of the 
above described procedure, except for addition of the peroxide. 


Evaporation residue, milligrams per liter 


A - B 
0.3 


where A = residue from the 300 ml. of peroxide and 500 ml. of distilled water, in milli- 
grams, and 

B = residue of blank on 500 ml. of distilled water, in milligrams. 


STABILITY 

Procedure .— Prepare test flasks as follows: dry new 100-ml. Pyrex volumetric flasks 
and obtain tare weights (to 0.01 g.) with the tops covered by small clean pieces of 
aluminum foil. Set aside the aluminum covers (in a manner so that each is identi- 
fied for replacing on the flask to which it belongs), fill the flasks with concentrated 
high-purity HN0 3 , cover the tops of the flasks with small beakers, and maintain 
at 100°C. for 24 hr. Rinse the flasks with distilled water and then immediately 
with hydrogen peroxide. Screen the flasks by performing the stability test described 
below, using peroxide from die same container in each flask, and rejecting those 
flasks which give inconsistent results. (Do not rinse with distilled water after this 
test: use the flasks for peroxide only.) 

Place approximately 80 ml. of peroxide sample to be tested in each of at least 
3 tarcd, specially-prepared, 100-ml. Pyrex volumetric flasks, and immediately cover 
the tops with the matching pieces of aluminum foil, making the foil concave across 
the opening so that condensed droplets are prevented from escaping. Reweigh the 
flasks to 0.01 g. Place the flasks in a boiling-tvater or steam bath so that the contents 
are maintained at 100° ± 1°C. The upper portion of the necks of each flask must 
project above the top of the steam bath and be sealed against steam so that steam 
cannot enter the top of the flask. These steps may be accomplished by using a 
bath with circular openings equipped with sets of concentric rings (discs) and using 
a split rubber stopper to fit around the neck of the flask and into the opening of 
a ring (disc) of appropriate size. At least 2E> in. of the necks of the flasks should 
extend above the steam seal to provide adequate condensing surface for the per- 
oxide. After 24 hr. at 100°C., cool, and reweigh the flasks. 


Active oxygen loss, per cent 


100(JVj - W 2 ) 
0.470CIF3 


where I Pi = initial weight of flask, sample, and cover in grams, 
fl '2 = final weight of flask, contents, and cover in grams. 

11*3 = initial net weight of H 2 0 3 sample in grams, and 
C = weight fraction H 2 0 2 (concentration, percentage of HAT bv weight divided 
by 100). ' 
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from the peroxide sample into the HC1 in the 50-ml. volumetric flask, and rinse 
the beaker with the ammonium chloride-gelatin solution, adding the rinsings to 
the volumetric flask. Wake up to the 50-ml. mark with distilled water. Place a 
portion of the solution in a polarographic cell, purge with nitrogen for 5 min. and 
polarograph from -0.3 to -0.9 volts versus a saturated calomel electrode. Calcu- 
late the tin content of the sample by reference to a standard curve prepared by 
treating 0-, 3-, 5- and 8-ml. portions of the standard tin solution exactly as the 
sample, and then polarographing. 

MAGNESIUM, POWDERED 
VOLATILE AT 105°C. 

Procedure .— Heat a 5.000-g. sample at 105°C. for 3 hr., cool, and reweigh. 

OIL AND GREASE 

Procedure .— Extract a 50.00-g. sample with diethyl ether for 1 hr. in a Soxhlet 
apparatus. Filter the solution, evaporate on a steam bath, and weigh the residue. 
Wake a blank determination on the ether. 

CARBIDES 

Apparatus .— The apparatus consists of a Pyrex reaction flask, suction filtration 
type, with the side arm connected to a delivery tube leading through a 2-hole 
stopper to the bottom of a large test tube. The top of the flask carries a 2-hole 
rubber stopper, through which is inserted a nitrogen-delivery tube (extending to 
near the bottom of die flask) and a short-stem dropping funnel. 

Procedure .—' Transfer a 50-g. sample to the generating flask and place 50 g. of 
cuprous chloride in the receiving test tube. Pass nitrogen through the apparatus 
to lemove the air, and continue the nitrogen flow throughout the determination. 
Lower the test tube and add 15 ml. of concentrated NH 4 OH and 30 ml. of liy- 
droxykimine hydrochloride reagent (0.25 g. o[ gelatin in hot water diluted to 50(1 
ml., plus 500 ml. of 95% ethanol and 1.25 g. of hydroxylamine hydrochloride). 
Raise the test tube, insert its stopper, and add 100 ml. of distilled water to die flask 
by means of the dropping funnel. Using a small electric hot plate, heat the mix- 
ture in the reaction flask just to boiling. 

A red or pink coloration of the solution in the test tube is interpreted as evi- 
dence that the magnesium contains more than 0.004% carbides. If the solution 
in the test tube becomes blue (because of entry of some air), it must be treated 
with small increments of hydroxylamine hydrochloride reagent until the blue 
color is discharged. 

MATERIAL INSOLUBLE IN SULFURIC ACID 

Procedure .- Treat a 5.000-g. sample with 150 ml. of dilute (1:5) H,SO.,. Filter 
the solution through a tared filtering crucible and wash with hot water. Dry and 
reweigh the crucible and residue. Retain the filtrate for determination of total 
iron. 


METALLIC IRON 

Procedure .— Extract the metallic iron from a 100-g. sample by means of a magnet. 
Brush the magnetic particles onto glared paper, and separate the adhering ma <'- 
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nesium as much as possible by manipulating the magnet under the paper \\ei«h 
the magnetic material If the weight exceeds that allowed by the specification 
determine the iron content by dissolving the iron in H 2 S0 4 passing the solution 
through a Jones reductor (activated zinc amalgam) and titrating with 002 A 
kMn0 4 solution 

Metallic iron, per cent = — - — (See Eq 32 2 ) 


TOTAL IRON 

Procedure —Transfer the filtrate from the determination of insoluble matter to 
a 300 ml Erlenmeyer flask add a spiral of aluminum vs ire cover with a small 
is a tch glass and boil for about 10 min Cool the flask under a faucet remove 
the aluminum spiral and titrate immediately with 0 05 N RMn0 4 solution Make 
a blank determination on the aluminum using 200 ml of 1 5 H 2 S0 4 

Total iron as Fe«Oa per cent = — ^ (See Eq 32 1 1 

ALUMINUM 

Procedure —(For about 10% aluminum content) Dissolve a 04 g sample bj 
adding 10 ml of concentrated HoS0 4 followed by small increments of water and 
adding a little HNO a if necessary to clear Filter if necessary and add 25 ml of 
saturated NH 4 C1 solution Heat to boiling and add 1 4 NH 4 OH until just ncu 
tral to methyl red Filter redissolve the precipitate in 1 4 HC1 heat to boilm„ 
and reprecipitate Filter and wash on quantitative paper Ignite gently and 
then at not less than 1000 a C for 1 hr Cool and reweigh rapidly as AJ 0 3 
Al 2 0 3 x 0 5291 A1 

FREE METALLIC MAGNESIUM, BY WATER CONVERSION 

Procedure — A 1 000 g sample is treated in a generating flask with 30% H S0 4 
The generated hydrogen is swept through a drying train (by air suction) into a 
tube furnace where the hydrogen is converted to water by reaction with a CuO 
filling in the tube and the water is absorbed m a tared absorption tube containing 
Dehydrite (or equivalent) When the reaction is nearly complete the solution in 
the generating flask is gently boiled for 30 min and then air is drawn through 
for an additional 30 mm to complete purging of the hydrogen 

„ w 135 0(/f-5) 

Metallic Mg, per cent = — 

where A — gain in weight of water absorption tube in grams, 

B = gam in w eight of blank in grams, and 
IF = sample in grams 

Details of the procedure are given m military specification JAN M 382 A 
FREE METALLIC MAGNESIUM BY EUDIOMETRIC PROCEDURE 

Alternatively magnesium may be determined by measuring the volume of hj 
drogen evolved by acid treatment Use an eudiometric assembly such as that 
shown in Fig 32 8 and jn general the procedure given above for determination 
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of metallic aluminum by the eudiometric procedure (p. 1306), with the following 
exceptions. Use 100 ml. of 3% v/v H 2 S0 4 as the reacting solvent. One g. of 
magnesium will generate 921.66 cc. of hydrogen at standard conditions, 0°C., and 
760 mm. Hg pressure. 


Free metallic Mg (uncorrected for other metals), per cent — 


0.03900 V(P - p) 
IF(273.2 + T) 


where V — reading of gas buret, hydrogen at T°C. in cubic centimeters, 

P = barometric pressure, corrected for temperature in millimeters of Hg, 
p = vapor pressure of water, at temperature T°C. in millimeters of Hg, 

T = temperature, °C., and 
W = sample, in grams. 


MAGNESIUM OXIDE 

ASSAY 

Procedure .— An 0.1 8-g. sample is dissolved in acetic, nitric, and sulfuric acids 
and taken to fumes of SO a by heating. Magnesium is precipitated as the hydrox- 
ide with 6% w/v NaOH, filtered out, and redissolved in 1:1 HC1. The solution 
is neutralized with NH 4 OH and 15 ml. of pH 10 buffer added (NH 4 C1, 54 g.; 
NH 4 OH, 350 ml.; and distilled water to make 1000 ml.). It is then titrated with 
0.1 M disodium ethylenediaminetetraacetate (EDTA) solution with Eriochrome 
Black T as indicator. 

4.320 MV 

Magnesium oxide (MgO), per cent = — — - — 0.719 A 

where M = molarity of the EDTA solution, 

V — volume of the EDTA solution in milliliters, 

IF = weight of sample in grams, and 

A = percentage of GaO found in an independent determination. 

The molarity of the EDTA is determined by titration against a sample of reagent 
grade zinc as described under “Zinc Oxide,” p. 1343. 

CARBONATES AS C0 2 

Procedure.— A 10- to 12-g. sample is placed in a wide mouth rubber-extraction 
flask and moistened with C0 2 -free distilled water. The flask is closed by a 3-hole 
rubber stopper providing; (1) an inlet for a measured flow (flowmeter) of CO„-free 
inert gas (e.g., helium or nitrogen); (2) an inlet (separatory funnel) for introduc- 
tion of acid; and (3) an outlet for escape of gas through a vertical condenser. 
From the condenser the gas flow passes through a train having in sequence: a 
gas-washing bottle (bubbler) containing concentrated H 2 S0 4 ; a U-tube containing 
dehydrated cupric sulfate on pumice, for removal of H„S and HC1; a U-tube filled 
with Mg(C10 4 ) 2 for removal of last traces of H 2 0; and a tared U-tube filled partly 
with Ascarite and partly with Mg(C10 4 ) 2 , the latter on the exit side. After the 
assembly has been flushed for a suitable period, the tared U-tube is attached and 
the sample is decomposed by addition of 50 ml. of concentrated HC1 through a 
separatory funnel. The sample solution is boiled for a few minutes, then allowed 
to cool for 20 min. with the inert gas flowing at 50 to 70 ml. per min. throughout 
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the determination The gam m weight ol the taxed U tube is due to C0 2 ab- 
sorption and ts used, after correction for a reagent blank, for calculation of the 
percentage of C0 2 in the sample 

CALCIUM OXIDE (CaO) 

CaO is determined by the EDTA method or the flame photometer procedures 
as described in Vol I, pp 600-605 

SILICA (SiO.,), CHLORIDES (GI-), SULFATES (S0 3 -2), ACID 
INSOLUBLES, IGNITION LOSS AT 800° C , AND 
MOISTURE (LOSS AT 200= C.) 

All are determined by contention'll gravimetric or titrimetric procedures 

IRON OXIDE (Fe_O a ) 

Iron oxide is determined by titration with standard 0 02 N k 2 Cr 2 0 7 solution 
using sodium diphen^lbenzidincsulfonate as indicator 

MANGANESE (Mn) (COLORIMETRIC) 

Reagents Mixed Acid Solution —Add 100 ml of concentrated H 3 P0 4 to 200 
ml of concentr ited H_S0 4 Cool and add slowly 50 ml of concentrated HNOj 

Dilute Standard XMn0 4 Solution —Using standardized KMn0 4 solution pre 
pare a dilute standard solution to contain 0 0100 g Mn per liter (1 liter of 0 1 A' 
KMn0 4 contains 3 161 g KMn0 4 equivalent to 1 099 g Mn) 

Preparation of Standard Curve —Measure from a buret a series of portions of 
the standard dilute KMn0 4 (eg 0 5, 10, 15, 20 and 30ml covering the 

range 0 0 to 0 00030 g of Mn) placing each portion in a separate 400 ml beaker 
To eadi beaker add 5 0 ml of the mixed acid solution and sufficient distilled 
water to bring the total volume to about 60 ml Heat to boiling and develop 
the pink color as for analysis of a sample using 5 0 ml of AgN0 3 solution and 
1 5 to 2 g of the ammonium persulfate Cool the solutions, make to 100 ml 
take transmittance readings at 505 m/i and plot transmittance values versus Mn 
content in grams 

Procedure— To a 5 00 g sample in a 400 ml beaker add 25 ml of distilled 
water Add 8 to 10 ml of mixed acid solution to 25 ml of distilled water and 
then gradually add the diluted acid to the sample slurry Boil the solution for 
10 to 15 min from the value obtained from a chloride determination, calculate 
•he. amAUJU. at 1% w.(v. A/tN.G-j vJ JUJ/yx te.cywwy’L */>- ipv&jfptMA. «Jml cW/K'/ies. yces 
ent in the portion of sample taken for analysis To the boiling solution of sample 
add gradually (from a small buret or Mohr pipet) the calculated amount of 
AgNOj solution plus a slight excess (0 5 to 1 ml excess only) Continue boiling 
several minutes and then let the beaker stand on a steam bath for 20 to 30 min 

niter the solution through a fine textured paper and test the filtrate for chlo 
rides by aching a few drops of AgN0 3 solution If chloride precipitation is found 
to be incomplete, add 0 5 to 1 ml more of the AgNOj solution and repeat the 
settling and filtration steps After chlorides have been completely removed, add 
AgNO, solution in the amount that will provide a total excess of AgN0 3 solution 
within the range of 4 to 5 ml. The filtrate at this stage must be perfectly clear, 
and must contain not less than 4 ml nor more than 5 ml of AgNO a reagent in 
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excess of that required for chloride removal. Wash the beaker and filter paper 
w jth 3 or 4 small portions (5 to 10 ml. each) of distilled water, avoiding the use 
of an amount of wash water that would cause the final volume of solution to 
exceed 100 ml. 

Bring the filtered solution to incipient boiling and add (in several small por- 
tions) 1.5 to 2 g. of solid ammonium persulfate, (NH 4 ) 2 S,O s . Boil for 60 to 90 
sec., cool to 20° to 25°C., and make the volume of solution to 100 ml. with dis- 
tilled water. 

Determine the transmittance of the pink solution at a wavelength of 505 m^ 
using a suitable spectrophotometer or a colorimeter provided with a 505 mfi inter- 
ference filter. By reference to the standard curve, read off the weight of Mn corre- 
sponding to the observed transmittance value of the sample, and calculate to per- 
centage of Mn. 

NITRIC ACID, FUMING (WHITE OR RED) 

SAMPLING PROCEDURES 

Glass Oleum Bulb .— Drill a %-in. hole in the center of the bowl of a metal 
tablespoon. With the spoon held horizontally, with its concave surface upward, 
insert the capillary of a tared glass oleum bulb downward through the hole. Warm 
the bulb slightly by passing a small sootless flame near it a few times and insert 
the capillary tip in the chilled acid sample. Pile powdered dry ice around the 
bulb in the spoon. When a sufficient sample has been drawn into the bulb, with- 
draw the capillary tip from the acid and invert the spoon so that the bulb and dry 
ice are held by a thick cloth in the palm of one hand. The bulb will continue to 
cool and suck the capillary lree of acid. (Otherwise, difficulties are encountered 
in trying to seal the capillary.) Seal the tip of the capillary in a small hot flame, 
holding the bulb in the dry ice until the capillary has cooled thoroughly. Allow 
the bulb to return to room temperature and to dryness in a desiccator, and re- 
weigh. 

Teflon Cell— By means of simple shop equipment (drill press and small lathe), 
construct from Teflon rod stock the cell assembly (consisting of cylindrical cup, 
"capillary” plug, and cap) shown in Fig. 32-9(a). Weigh the dry Teflon cell as- 
sembly at room temperature. By means of a Teflon syringe, transfer a suitable 
amount of the chilled acid sample to the cup, insert the capillary plug, and close 
with the cap. Reweigh rapidly, and immediately chill the cell and contents by 
packing powdered dry ice around it nearly to the top of the cup. Hold the sam- 
ple in the dry ice bath for 10 to 15 min. before using it for the determination of 
total acidity. 

If a Teflon syringe is not readily available, one may be constructed in the shop 
from rod stock or, as a temporary expedient, one may be fashioned from tubing 
and rod stock as illustrated in Fig. 32-9(b). Caul ion. —Because nitric acid and 
acetone can react with explosive violence if they come together, the dry ice is 
used alone in all chilling operations; no acetone is added to the chilling baths. 

TOTAL ACIDITY 

For white or red fuming nitric acid containing no HF, either glass ampoules or 
Teflon cells may be used in the determination of total acidity. For white or red 
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fuming nitric acid containing HF, Pyrex glass ampoules may be used where the 
highest possible accuracy is not required, but otherwise, the Teflon syringe and 
Teflon cell for weighing samples are considered necessary 
Procedure —Use a sample size that will consume not less than 40 ml of standard 
alkali The standard (carbonate free) NaOH solution may be 0 5 N to 15 N 




Fic 32 9 At Left, 3 Part Teflon Cell At Right Teflon Ssnnge Made from Laboratory 
Stock Items (All Dimensions in Inches) 


For 0 5 alkali, the sample size should be about I 3 g and for 1 5 N it should be 
about 3 9 g Place a measured amount (in small excess calculated on the sample 
weight and nominal content or based on a preliminary determination) of standard 
alkali solution in a heavy walled, glass stoppered, 500 ml iodine flask (eg Corn 
mg Glass Works, item No 92930 custom made), bring the total volume of liquid to 
150 to 200 ml by adding distilled water, and cool the solution until ice begins 
to form in it. 
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If a glass ampoule or oleum bulb is used for the sample, drop it into the cold 
alkali solution, add a few glass marbles or stoppers, close the flask, and break the 
bulb by shaking the flask. Allow the flask to stand 5 to 10 min. with occasional 
shaking. Add a few milliliters of water to the gallery around the stopper, loosen 
the stopper, and rinse it with distilled water. Pulverize the ampoule capillary 
thoroughly with a heavy glass rod. Remove and rinse the rod. Back-titrate the 
excess alkali with standard 0.1 N H 2 S0 4 to a colorless (or very pale pink) end 
point using phenolphthalein as indicator. After completion of the titration, make 
the solution slightly alkaline by adding about 1 ml. of the standard alkali solution, 
and retain the sample solution for the determination of NO,. 

If the Teflon cell is used, remove the cap from the chilled cell containing the 
sample, drop the cap into the chilled standard alkali solution, and slide the cell 
into the flask held at about a 45° angle, with the capillary of the cell entering 
the flask first. Stopper the flask, allow diffusion to take place through the capil- 
lary with occasional shaking as necessary, and allow the flask to stand 5 or 10 min. 
after diffusion appears complete, as judged by the color observed by looking through 
the flask into the capillary. Place a little distilled water in the gallery of the 
flask, loosen the stopper, rinse it with water, and remove it. Pour most of the 
solution into a casserole or large beaker. Fish out the cell by means of a coarse 
platinum-wire hook inserted in the hole in the base of the cell (or in a platinum 
wire loop attached to the base), rinsing the cell with a jet of distilled water as it 
is withdrawn. Rinse the contents of the cell into the casserole (or beaker), remov- 
ing and rinsing the capillary plug to recover any traces of acid or alkali held in 
the interstices. Transfer the alkaline solution and washings back to the flask 
quantitatively and back-titrate with standard 0.1 N acid as described above. 

6.302(.4iV - BN') 

Total acidity as HNO 3 ; per cent = — (See Eq. 32-4.) 

NITROGEN DIOXIDE, NO z 

ROUTINE PROCEDURE ( CERIC AMMONIUM SULFATE-FERROUS 
AMMONIUM SULFATE TITRATION) 

Procedure .— Chill the solution from the determination of total acidity by immers- 
ing it for several minutes in the dry ice bath and add without agitation an excess 
of standard 0.1 N ceric ammonium sulfate solution dispensed from a buret with an 
extended tip immersed in the sample solution to a depth of about 14 in. from the 
bottom of the flask. The amount required to give an excess may be determined by 
a pilot titration. Raise the tip of the buret above the surface of the liquid in 
the flask and rinse it with distilled water. Stopper the flask, place it in the dry 
ice bath for several minutes, remove the flask from the dry ice bath, and shake the 
flask vigorously. Loosen the stopper 1 and rinse it with distilled water. Add 2 drops 
of ferroin indicator and back-titrate the excess ceric reagent with standard 0.05 N 
feirous ammonium sulfate solution (in 0.5 M H,S0 4 ) to an orange-red end point. 

Nitrogen dioxide, NO,, per cent = ' (See Eq. 32-4.) 

The procedure described above is rapid and convenient, but is subject to several 
kinds of error, particularly if the solution is not kept sufficiently cold, or if other 
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tion containing 50 /tg. of fluoride ion per milliliter with some water, add 5 ml. 
of the diluted zirconium-alizarin reagent, and bring to the mark with water. 

In still another 50-ml. volumetric flask, place 5 ml. of the diluted zirconium- 
alizarin reagent and bring to the mark with water. Allow the solutions in the 
three 50-ml. volumetric flasks to stand for 90 to 100 min. 

Set the spectrophotometer or colorimeter at 525 m/n Using 1-cm. cells, set the 
instrument to read 100% transmission with the solution made by mixing 5 ml. of 
the stock sodium fluoride with zirconium-alizarin reagent. Determine the trans- 
mittance of the remaining 2 solutions in the 50-ml. volumetric flasks. Calculate 
the percentage of HF in the fuming HNO s by means of these results and a calibra- 
tion curve. 

Prepare the calibration curve using the color development and measuring pro- 
cedures described above, and synthetic mixtures of appropriate known amounts of 
standard sodium fluoride solution with white or red (as appropriate) fuming HNO s 
(HF-free). Use the decolorized solution containing 50 ng. of fluoride ion as be- 
fore in making the 100% transmission setting. Plot the differences in transmit- 
tance between sample solutions and the unbleached solution against fluoride con- 
centration. 


TOTAL SOLIDS 

Procedure .— Using a pipet with a tip sufficiently coarse to pass all suspended 
matter, transfer a 10-ml. portion of the thoroughly agitated HN0 3 sample to a 
tared platinum dish which has been heated to 1200°C. and cooled in a desiccator. 
Evaporate the acid in a hood on a steam bath or hot plate. Ignite the dish over 
a low flame to expel the last traces of acid and oxides of nitrogen, and then over 
a Meker burner or in a muflle furnace at 1200°C. Cool and reweigh. 

Total solids equivalents are calculated as follows: 

As percentage of HNO 3 = 3.71/? (for samples from aluminum containers) 

= 2.37 R (for samples from stainless steel containers); 

As percentage of metal nitrates = 4.18/? (for samples from aluminum containers) 

= 3.03/? (for samples from stainless steel containers); 

where R = percentage of solids on ignition 

_ grams solids X 100 

milliliters of sample X specific gravity of sample 

Alternatively, determine the content of suspected metallic compounds such as 
those of iron, aluminum, chromium, and nickel by well known gravimetric or 
colorimetric procedures, and calculate their nitric acid equivalents. 

FREE NITRIC ACID, HN0 3 

Free nitric acid, HNO 3 , per cent = (percentage of total acidity as HNO, ; ] 

— [1.3697(percentage of NO 2 )] 

— [3.1494(percentage of HF)] 

— [HNO3 equivalent of metals] 
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HoS 0 4 . The sample must be dissolved in the acid, either in the weighing bottle 
or” in the cup of the generator, before it is drawn into the generating bulb, and 
both the weighing bottle and the cup of the generator must be thoroughly washed 
out with the 25 ml. of HoS0 4 , so that none of the sample is lost. The determina- 
tion in the nitrometer is completed in the usual manner, the result being expressed 
as percentage of nitrogen in the dried sample of nitrocellulose. 

NITROGEN BY FERROUS-TITANOUS TITRATION 

Alternatively, the nitrogen content of nitrocellulose may be determined by the 
ferrous-titanous titrimetric procedure. A dry sample of the nitrocellulose is trans- 
ferred from a small weighing bottle to the special reduction flask by means of a 
powder funnel and a stream of n-pentane-n-hexane solvent (3:1) from an all-glass 
or polyethylene wash bottle. The determination is then continued in accordance 
with the detailed procedure given under “Nitrocellulose by Ferrous-Titanous 
Titration,” p. 1390. 

0.4669 A^CE - £) 

Nitrogen, per cent = — (See Eq. 32-1 .) 

SOLUBILITY IN ETHER-ALCOHOL 

GUNCOTTON: SOLUBILITY BY USUAL GRAVIMETRIC PROCEDURE 

The amount of ether-alcohol soluble material in guncotton being usually not 
more than 10 to 12%, the determination may be made by evaporating a clear 
solution. 

Procedure .— Two g. of air-dry sample are placed in a clean, dry, cork-stoppered, 
250-ml. cylinder, and 67 ml. of 95% ethyl alcohol are added to wet the guncotton 
thoroughly. Then 133 ml. of diethyl ether (U.S.P. grade 96%) are added and the 
mixture is well shaken. If the mixture of 2 parts ether and 1 part alcohol be 
added at once to the sample, a gummy mass may result that dissolves with great 
difficulty, especially if the solubility is unusually high. 

The cylinder is now allowed to stand at a constant temperature of usually 15.5°C. 
The solubility of nitrocellulose increases as die temperature is decreased; hence, a 
constant temperature of digestion is important. During the digestion, which re- 
quires at least 1 hr., the cylinder must be thoroughly shaken at 5-min. intervals. 
The cylinder is then allowed to stand for at least 4 hr., until the insoluble portion 
of the sample has completely settled, and the supernatant liquid is perfectly clear. 

Fifty ml. of the clear solution are now drawn off with a pipet, care being taken 
not to disturb the settled pulp, and evaporated in a weighed evaporating dish on 
a steam bath, avoiding loss from violent boiling of the ether. When 25 to 30% of 
the solution has been evaporated, 10 ml. of distilled water are added slowly, and 
die evaporation is continued to dryness. The effect of the water is to leave the 
residue in a white, brittle, or powdery condition, rather than a tough film, which 
would lose its solvent widi difficulty. 

The dish is finally placed in an oven at 95 D to lOO^C. for 30 min., cooled in a 
desiccator, and weighed. The weight of the residue, corrected for the residue in 
the 50 ml. of ether-alcohol and 10 ml. H 2 0 used, represents the soluble nitrocellu- 
lose in 0.5 g. of the guncotton. 



INGREDIENTS 


1333 


225 {W 2 - Wi) 

Ether-alcohol soluble nitrocellulose, per cent = — — — 

where W 2 = weight of can, cover, and residue in grams, 

W\ = weight of can and cover in grams, and 

jy 0 = total weight of sample taken for treatment in the solubility tube in grams. 

Gravimetric Method Using the Centrifuge .— An accurately weighed dry sample 
of 0.3 g. is treated in a 150-ml. beaker with 45 ml. of 2:1 ether-alcohol mixture, 
and allowed to stand overnight under a bell jar. The solution is transferred to a 
100-ml. centrifuge tube, using ether-alcohol as a transfer liquid, and is made up 
to the 100-ml. mark with this liquid. The tube is centtifuged at 2000 r.p.m. for 
10 min. The supernatant liquid is decanted, the tube refilled with ether-alcohol 
mixture, shaken, and centrifuged. This cycle of decantation, refilling, and centri- 
fuging, is repeated 2 more times (total of 4). After the final decantation, the residue 
of insoluble matter is transferred to a tared filtering crucible and washed with 2:1 
ether-alcohol. The crucible is dried by suction, until ether-free, then at 100°C. 
for 30 min., cooled, and weighed. 


Ether-alcohol soluble nitrocellulose, per cent =100 



where Wo = weight of crucible and residue in grams, 

Wi = weight of crucible in grams, and 

Wo = weight of sample taken originally for treatment in the centrifuge tube in 
grams. 

SOLUBILITY IN ACETONE 

Procedure .— A 1-g. sample of air-dry pyrocellulose in a 300-ml. Erlenmeyer flask 
is moistened with 10 ml. of 95% ethanol, and then treated with about 200 ml. 
of acetone, with frequent shaking, until all gelatinous matter has dissolved. 
The solution is transferred to a solubility tube (desciibed above, p. 1332), is shaken 
well, and allowed to settle for about 16 hr. If the volumetric reading is 0.2 ml. 
or less, the percentage of insoluble material is considered to be 0.4% or less. A 
giavimetiic determination may be made as described above, under “Pyrocellulose,” 
p. 1332. 


ASH 

Procedme.—A 2-g. air-dry sample is weighed in a tared crucible, moistened with 
10 to 15 drops of concentrated HNO s , and digested for 2 to 3 hr. on a steam bath 
until converted to a gummy mass. The crucible is then heated carefully over a 
small burner until tire mass is completely charred, then at a red heat over a Meker 
burner until its weight is constant. The residue is the ash of the sample. 

STABILITY TEST: HEAT TEST WITH POTASSIUM IODIDE- 

STARCH PAPER 

The heat test with potassium iodide-starch paper is the test most frequently em- 
ployed for determining the stability or degree of purification of nitrocellulose, 
whether guncotton 01 pyrocellulose. This test, also referred to as the Abel test, 
depends on the action of oxides of nitrogen evolved from the nitrocellulose under 





INGREDIENTS 


1335 


papers at 5-min. intervals after the first 20 min. of heating, and replaced at once. 
The time required for the methyl violet paper in at least one tube to become com- 
pletely changed to a salmon pink color is noted as the time of the test. A minimum 
test of 30 min. is usually required, and heating is then continued for a total of 5 
hr., during which time there should be no explosion. 

The standard, normal, methyl violet paper is usually obtained from the U. S. 
Naval Propellants Plant, Indianhead, Maryland, or is supplied by the government 
bureau or agency concerned. 


NITROGLYCERIN (GLYCERYL TRINITRATE) 


MOISTURE 

Moisture in nitroglycerin is determined by a desiccation method or, preferably, 
by the Karl Fischer titration. 

Desiccation Procedure.— A weighed sample of approximately 10 g. in a tared 
weighing dish of about 50-mm. diameter, which contains a small piece of neutral 
litmus paper, is allowed to stand for at least 16 hr., in a desiccator containing 
anhydrous calcium chloride, and is then reweighed. Loss in weight is calculated 
to percentage of moisture in the sample. Caution.— It the litmus paper turns red 
at any time during the test, immediately and cautiously dispose of the sample by 
drowning it in water or dibutyl phthalate. 

Karl Fischer Titration Procedure.— A 5- to 10-g. sample is added to 50 ml. of 
methanol that has been brought to equilibrium in the titration cell, and is titrated 
by the usual potentiometric procedure, either directly with standard Karl Fischer 
reagent or by back-titration of a measured excess of Karl Fischer reagent with 
standard water-in-methanol solution (see p. 1290). 


ACIDITY OR ALKALINITY 

Procedure .— A weighed sample of approximately 10 g. is dissolved in 100 ml. of 
benzene in a beaker. The solution is transferred to a 250-ml. separatory funnel, 
and washed twice with 50-ml. portions of neutral distilled water. The combined 
washings are collected in a 250-ml. beaker. Several drops of methyl orange indi- 
cator are added, and the solution is titrated with 0.01 N H„S0 4 or 0.01 N NaOH, 
as appropriate. A blank determination is made on 100 ml. of the benzene. 


or 


Acidity in terms of sulfuric acid, per cent 


4.90 N(V - B ) 
W 


Alkalinity in terms of sodium carbonate, per cent 


5.30 N(V - B ) 
W 


(See Eq. 32-1.) 

PERCENTAGE OF NITROGEN BY NITROMETER 
Procedure— A dry sample of 0.70 to 0.75 g. of the nitroglycerin is dissolved in 5 
ml. of glacial acetic acid in a 25-ml. beaker. The solution is transferred with the 
aid of a small glass tod to the cup of the generating bulb of die nitrometer, and 
drawn into the generating bulb. The beaker and cup are rinsed with five 5-ml. 
portions of 94.5 ± 0.5% H 2 S0 4 , drawing each portion into the generating bulb. 
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The determination is then completed in the usual way (Vol I p 755) joint 
Army Navy specification JAN N 246 requires that preparation of the sample be 
by suction filtration through 4 dry No 42 Whatman (or equivalent) filter papers 
it applies the following calculations for a moisture free basis (The papers are 
dried before use by heating in a dish for 2 hr in an oven at 100°C) 

Nitrogen (N) per cent = p — - 

where A — the reading of the mercury level in the nitrometer tube, 

IV — weight of the filtered sample taken for analysis in grams, and 0 9983 is a 
recovery factor based on the experimentally determined average moisture 
content of nitroglycerin subjected to the prescribed filtration treatment 

STABILITY TEST WITH POTASSIUM IODIDE STARCH 
PAPER AT 82 2°C 

Procedure —Filter a portion of the sample through 2 thicknesses of filter paper 
and transfer a 2 ml portion to each of three 5 J £ in test tubes, and continue the 
test as described for “Stability Test Heat Test with Potassium Iodide Starch 
Paper,” p 1333 


NITROGUANIDINE (PICRITE) 

ASSAY 

The assay for nitrogtianichne NCL NHC(NH) \H 2 , is made by the conventional 
nitrometer method (Vol I. p 755) on a sample that has been dried at 98* to 102'C 
It may, alternatively, be made by the titanous chloride bufler method as described 
under Nitroguanidine by Buttered Titanous Chloride Reduction p 1394 

ASH 

Procedure — \ 5g sample of the nitroguanidine and 15 ml of melted paraffin 
wax are ignited (behind a shatterproof safety shield) in a tared crucible, using a 
low flame from a Bunsen burner directed only toward the bottom of the crucible 
The crucible is finally ignited at 900®C A blank determination is made on tilt 
paraffin wax, and a suitable correction applied to the calculation of the percentage 
of ash 

CHLORIDES 

Chlorides are determined by die Volhard silver nitrate procedure, on a boiling 
water extract from a 10 g sample (see p 1312) 

Sodium chloride, NaCI, per cent = ^ ^ — — — (See Eq 32*4 ) 

TOTAL VOLATILES 

Loss in weight of a 5g sample at 100® ± 2®C for 2 hr is calculated to percent 
age of total volatiles 

SULFATES 

Sulfates are determined by the conventional gravimetric BaS0 4 procedure on a 
hot water extract of a 5 g sample BaS0 4 X 0 6086 = Na oS0 4 
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WATER-INSOLUBLE IMPURITIES 
Water-insoluble impurities are determined by filtering a boiling water extract 
of a 5-g. sample through a tared filtering crucible and weighing the insoluble 
material. 


WATER-SOLUBLE IMPURITIES 

Procedure— A 5-g. sample is shaken for I min. with 100 ml. of distilled water at 
room temperature in a stoppered 150-ml. bottle. The bottle is then held in a 
water bath at 20° ± 0.2°C. for 4 hr. with occasional withdrawals from the bath and 
shaking. A 20-ml. filtered aliquot is evaporated in a tared flask at a temperature 
not above 60°C. with the aid of a dry air jet. The flask is finally dried over cal- 
cium chloride in a desiccator to constant weight. A correction of 0.054 g. per gram 
of sample is deducted (for solubility of nitroguanidine) in making the calculation 
to percentage of water-soluble impurities. 

ACIDITY 

Procedure .— A 2.5-g. sample is maintained at 80° ± 2°C. with 100 ml. of freshly 
boiled distilled water in a flask until solution is complete. After cooling, the solu- 
tion is titrated with 0.05 N NaOH using phenolphthalein as indicator. A blank 
is also made. 

4.9 ME — B) 

Acidity (as H 0 SO 4 ), per cent = — (See Eq. 32-1.) 

pH.— The pH of an aqueous extract prepared at 80° ± 2°C. is measured at room 
temperature with a pH meter and glass-calomel electrode system. 

POLYPROPYLENE GLYCOL 
WATER 

Determine water by the Karl Fischer titration as described above, p. 1290. 

VOLATILITY 

Procedure .— Transfer approximately 250 ml. of the sample to a dry, tared, 500-ml., 
common, distillation flask, e.g., Corning Glass Works item No. 4620 (weighed to 
the nearest 0.1 g.) equipped with a —20° to 150°C. thermometer [ASTM-E-1 (1C- 
49)], which is immersed in the sample, and containing a covered magnetic stirring 
bar; reweigh to the nearest 0.02 g. on a torsion balance of adequate capacity. Place 
the flask in a suitable heating mantle, and connect the side arm of the flask to a 
source of vacuum through a cold trap. Stir the contents of the flask throughout 
the volatility determination. Slowly reduce the pressure in the flask to approxi- 
mately 10 mm. Hg, and gradually raise the temperature of the contents to 150°C. 
within 20 min., and then maintain the contents of the flask at 150° ± 1°C. for 10 
min. by adjustments of the current supplied to the heating mantle. At all times, 
maintain the pressure at 10 ± 1 mm. Hg absolute by a manostat or a nitrogen leak. 
Remove the heating mantle and allow the contents of the flask to return slowly to 
room temperature while maintaining 10 mm. of pressure. When the contents 
are cool, allow the pressure in the flask to come slowly to equilibrium with the 
atmosphere. Reweigh the flask assembly and contents to the nearest 0.02 g. Cal- 
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level of liquid in die botdes is below die water level in the bath; maintain the 
temperature of the bath at 98° ± 2°C. To ensure uniform heating of blanks and 
samples, place diem as close together as possible. Because the bottles may ex- 
plode, enclose each in a strong canvas bag, or erect a safety shield. After a reac- 
tion time of 120 min., remove the bottles and allow them to cool in air to room 
temperature. If fabric bags are employed, allow the bottles to cool, open the bags, 
carefully uncap the bottles to release any pressure, and then remove the bags. 

To each of the bottles add 50.00 ml. of standard 0.5 N NaOH solution, then 
add 5 drops of 1% w/v plienolphthalein-in-pyridine indicator, and titrate with 
0.5 N NaOH solution to a faint pink end point that persists for at least 15 sec. 


Hydroxyl content, milliequivalents per gram 


N(B - S) 
W 


+ A 


where dte symbols have the same meanings as those given above under “Acetylation 
Procedure.” 


UNSATURATION 

Reagent— Prepare 0.10 M mercuric acetate alcoholic solution as follows: dis- 
solve 32 g. of reagent-grade mercuric acetate and 2 to 3 drops of glacial acetic acid 
in sufficient anhydrous methanol to make 1 liter of solution; the reagent should be 
slightly acidic, i.e., a blank titration of 2 to 4 ml. of 0.05 N alcoholic KOH should 
be required; decant the reagent before using. Prepare the solution weekly; do not 
use it if an orange precipitate has formed. 

Procedure.— Pipet 50.00 ml. of 0.10 M mercuric acetate solution into 250-mi., 
glass-stoppered Erlenmeyer flasks for blank and sample determinations. Introduce 
a 30-g. portion of the sample (weighed to the nearest 0.1 g.) into each of the sample 
flasks, and mix well by swirling. Allow the samples and blanks to stand at room 
temperature for 30 min. Swirl the flasks several times during this period. To each 
flask add 6 to 8 g. of reagent-grade NaBr, and swirl vigorously. Add approximately 
1 ml. of a 1.0% w/v alcoholic solution of phenolphthalein indicator, and immedi- 
ately titrate with a standard 0.05 N alcoholic KOH solution to a faint pink end 
point that persists for 15 sec. One of the blank titrations should be carried out 
first; the other blank should be performed after all the samples have been titrated; 
the 2 blank values should be averaged. 

Unsaturation, milliequivalents per gram = ^ ^ — A. 

where N = normality of the standard alcoholic KOH solution, 

S = standard alcoholic KOH required by the sample in milliliters, 

B = standard alcoholic KOH required by the blank in milliliters (average), 

W = weight of sample taken for analysis in grams, and 
A = acidity of sample in milliequivalents per gram. 

2,4-TOLUENE DIISOCYANATE 

ASSAY 

Reagent.— Prepare dry toluene by careful distillation of reagent-grade material- 
reject the first third of the distillate as it will contain all of the water in the start- 
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ing material Prepare a 2 A' solution of di » butylamine by diluting 250 g of the 
redistilled amine with dry toluene to make a total of 1 liter Store the solution m 
an automatic buret protected from ingress of moisture by drying tubes that contain 
magnesium perchlorate 

Procedure Dry a clean 250 ml Erlenmeyer flask and a bottle equipped with a 
ground glass dropper at 110°C and cool in a desiccator Transfer a small amount 
of the sample to the dropping bottle and attach a dry rubber bulb to the dropper 
Tare the dropping bottle and then transfer as quickly as possible 1 8 to 22 g ol 
the sample (I 5 to 1 8 ml ) to the 2a0 ml Erlenmeyer flask Immediately place the 
flask xn an ice water bath and add exactly 50 ml of 2 N di n butjlamine solution 
from a dispensing buret protected from ingress of moisture exercise caution be 
cause an exothermic reaction occurs Swirl the flask to mix the contents and then 
loosely stopper it 

Revveigh the dropping bottle and determine the weight of sample transferred 
(nearest 0 2 mg) Remote the flask from the ice bath and allow the contents to 
come to room temperature (about 15 min) Add 100 ml of acetone and pour the 
contents of the flask into a 600 ml beaker use 200 ml of acetone to effect quanti 
tatne transfer of the flasks contents to the beaker Add 50 ml of distilled water 
and titrate with standard 1 0 N HC1 to a pH of 4 0 using a pH meter or 0 5 ml 
of bromphenol blue indicator solution (prepared by mixing 0 10 g indicator pow 
der with I 5 ml of 1 N NaOH and diluting to 100 ml with water) Make a blank 
determination 

TDI per cent = 8 708 (See Eq 32-3 ) 

HYDROLYZABLE CHLORIDE 

For hydroljzable chloride content of about 0 005% use a 30 g sample for content 
of about 0 01% use a 15 g sample and for content of about 0 1% use a Sg 
sample 

Procedure —Place the sample directly in a 600 ml beaker and add 50 ml of 
reagent grade methanol (hood) When the reaction starts (usually within 30 sec) 
add 200 ml of distilled water and stir vigorous!) Cover the beaker with a watch 
glass and bring the solution to a boil allow boiling to continue for 20 min Cool 
the solution by immersion of the beaker in cold water 

Filter the solution through paper of medium retentiveness into a 500ml Erlen 
meyer flask and wash the precipitate i times with distilled water Add 15 ml of 
1 1 HNOg and mix well Using standard 0 05 N AgNO, as titrant complete the 
determination of chloride by the conventional Volhard procedure or potentio 
metrically with a silver indicator electrode system 

Hydrolyzable chloride (Cl), per cent = ^ (Sec Eq 32 4 ) 

TRIACETIN (GLYCERYL TRIACETATE) 

ACIDITY 

Procedure —Accurately measure 100 ml of sample into an Erlenmeyer flask He 
pare 400 ml of neutralized 95% ethanol by titrating it to a faint pink color with 
0 1 N standard NaOH solution, using 20 drops of 1% phenol phthalein as indicator 
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Add 200 ml. of the neutralized alcohol to the sample, mix thoroughly, and titrate 
rapidly with 0.1 N NaOH solution to a pink matching that of the remaining alco- 
hol, disregarding gradual fading of the pink color. 


Acetic acid, per cent = 


6.0NV 


(See Eq. 32-2.) 


Procedure— Evaporate a 10-g. sample in a tared, covered, porcelain crucible by 
heating over a low flame or on a hot plate, with the cover of the crucible tilted to 
permit escape of vapors. Finally, ignite to constant weight at 800° ± 50°C., cool, 
and reweigh. 

ESTER CONTENT (AS GLYCERYL TRIACETATE) 

Procedure .— Using a weighing pipet (triacetin is hygroscopic) transfer an accu- 
rately weighed sample of 1.6 to 2.0 g. to a 250-ml. flask having an ST neck. Add 
exactly 100.0 ml. of 0.33 N aqueous standard NaOH solution (carbonate-free), con- 
nect the flask to a reflux condenser, and boil gently for 1 hr. with occasional swirl- 
ing of the flask. Loosen the flask-condenser joint, and wash down the condenser 
and the joint by adding 25 ml. of distilled water through the top of the condenser. 
Cool the flask rapidly to room temperature using a cold water bath, disconnect it 
from the condenser, and titrate its contents with 0.3 N standard H 2 S0 4 solution 
using 10 drops of 1% phenolphthalein as indicator. Make a blank determination 
on exactly 100.0 ml. of the standard NaOH solution. 

, • 1.21 N(B — A) ^ „„ „ , 

Glyceryl triacetate, per cent = — — — - - (bee Eq. 32-3.) 


2,4,6-TRINITROTOLUENE (TNT) 
SOLIDIFICATION POINT 

The determination of the solidification point or “setting point” of TNT is com- 
monly used as a test for purity of this compound, and is preferably carried out as 
follows. 

Procedure— A sample of about 50 g. of TNT is placed in a 1 by 6 in. test tube, 
and melted by placing the tube in an oven at about 95°C. The tube is then 
inserted through a large cork stopper into a larger test tube about 1% by 7 in., 
which, in turn, is lowered through a cork into a wide-mouth liter bottle (see Fig. 
32-10). The inner test tube is provided with a cork stopper containing 3 openings: 
1 for a standard total-immersion thermometer, graduated in 0.05°C.; 1 for a short 
thermometer, with 1°C. subdivisions, that is passed just through the stopper; and 
1, a small v-shaped notch at the side of the stopper, through which passes a rod 
whose lower end is bent in a loop at right angles to the axis of the tube. The 
short thermometer is used for noting the average temperature of the exposed mer- 
cury column of the standard thermometer. The rod with loop is used for stirring 
the molten sample of TNT. The stirring rod may be made of glass, brass, or 
aluminum. 

The standard thermometer is so adjusted that its bulb is in the center of the 
molten mass. The stirrer is operated vigorously, and the thermometer is watched 
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The insoluble residue is washed with additional solvent, dried at 100°C., and 
weighed. 

ACIDITY 

Procedure .— A 1 0-g. sample is melted in a large test tube or a flask, shaken with 
100 ml. of neutralized boiling water, cooled, and the water is decanted. A similar 
treatment is given, using 50 ml. of boiling water, the 2 portions of water combined, 
cooled, and titrated with 0.05 N NaOH, using cresol red indicator. The acidity is 
calculated as percentage of H 2 S0 4 in the original sample. 

ALKALINITY 

Bromthymol blue indicator solution is added to an aqueous extract obtained by 
extracting a sample in the manner used for the acidity determination. The sample 
is considered unsatisfactory if a definite alkaline color reaction is produced. 

SODIUM 

Procedure .— A 10-g. sample of sodium-free TNT is transferred to a % by 6 bi- 
test tube. Fifteen ml. of sodium carbonate solution, containing 0.0154 g. Na 2 CO s 
per liter (equivalent to 0.001% Na for a 10-g. sample of TNT), are added to the 
test tube. A 10-g. sample of the TNT to be tested and 15 ml. of water are added 
to a similar test tube. Both tubes are heated in a boiling water bath for 30 min. 
with continuous agitation or vigorous shaking at 2-min. intervals. Alter cooling, 
the water extracts are decanted into 50-ml. Nessler tubes. The residue in each 
test tube is rinsed with 10 ml. of distilled water, the washings being added to the 
original extracts in the Nessler tubes. Fifteen ml. of reagent-grade acetone and 
1 ml. of 8% w/v oxalic acid solution are added to each Nessler tube. The tubes 
are shaken thoroughly, the liquid volumes are made to 50 ml., and the tube con- 
tents are again mixed. After standing 10 min., the colors of the solutions are com- 
pared. If the color of the solution from the tested sample is definitely less than 
that from the standard, the sample is satisfactory. If the color of the sample solu- 
tion is equal to or darker than the standard, sodium is detei mined gravimetrically 
by the magnesium uranyl acetate method. 

NITROGEN 

Nitrogen is not usually determined in the inspection of TNT, but, when neces- 
sary, it may be determined by the Dumas combustion method or the modification 
of the Kjeldahl method that uses salicylic and sulturic acids in a preliminary diges- 
tion followed by the usual digestion with HgO, K 2 S0 4 , and H 2 S0 4 , and by dis- 
tillation as described under ‘‘Kjeldahl-Gunning-Arnold Method.” (See Vol. I, 
p. 740.) 


ZINC OXIDE 

ZINC OXIDE ASSAY 

This determination is made by titration with 0.1 M disodium ethylenediamine- 
tetraacetate (EDTA). 

Reagents. Buffer Solution.— This solution consists of 54 g. NH 4 C1 and 350 ml. 
of NH 4 OH made up to 1000 ml. with distilled water. 



EXPLOSIVES 


The quantitative procedures for the analysis of single explosive materials such as 
nitroglycerin and nitrocellulose (for assay and for impurities) are presented in the 
"Ingredients” section, above, p. 1306. Qualitative tests, quoted with slight modifi- 
cations from the work cited in footnote 1, are given below, and additional quali- 
tative tests are described in conjunction with the quantitative analysis of dynamites. 
Some valuable qualitative techniques are also described in an article by Walter C. 
McCrone. 10 


QUALITATIVE TESTS OF EXPLOSIVES 30 

Before making any specific tests for identity, the unknown material should be 
examined for color, density, and sensitivity to flame, impact, and friction. The 
sensitivity tests may be made by subjecting a few small particles of the material to 
the flame of a match, to impact, and to rubbing with a steel hammer, the material 
being placed on a steel block or hammer. Black powder flashes when exposed to 
a flame, but does not explode when struck lightly or rubbed with a hammer. 
Initiating explosives explode or flash when in contact with a flame, and explode 
when struck or rubbed with a hammer. Solid noninitiating explosives burn with- 
out explosion, and are much less sensitive than the initiators to impact and friction. 

Visual comparison of the color and crystal structure of the unknown material 
with the characteristics of standard explosives shown in paragraphs 40 through 67 
of Military Explosives, will be of assistance in tentative identification. Should an 
unknown explosive be indicated to be of the sensitive type, special care should be 
taken in the removal of test samples, handling, and heating. Dense pressed pellets 
of explosive found to be, or suspected of being, sensitive, should be softened by 
soaking with water or alcohol, prior to the removal of test samples. Care should 
be taken also regarding possible ignition by static electricity, because some materials 
are extremely sensitive to static sparks. 

INITIATING EXPLOSIVES 

LEAD AZIDE 

Procedure.— Test the explosive for solubility in water. Lead azide is insoluble 
in water. 

Transfer 5 mg. of the sample explosive to a 10-mi. beaker and add 10 drops of 

10 The Identification of High Explosives by Microscopic Fusion Methods, Microchemical 
Journal, 3, 479, Nov., 1959. 

311 Beginning with the following paragraph and concluding on p. 1350, material is quoted 
directly from Military Explosives, footnote 1, with only minor modifications. It is repro- 
duced by permission of the Department of the Army. The contents of Table 32-2 are also 
essentially verbatim from that reference. 
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a 10% ceric ammonium nitrate solution A reaction accompanied by evolution of 
nitrogen gas is indicative of the presence of azide 

Treat the solution of the sample obtained in the preceding paragraph with a 
few drops of a 10% solution of potassium dichromate A yellow to reddish yellow 
precipitate is indicative of the presence of lead 

Transfer 2 mg of the sample to a 30 ml beaker Add 5 ml of a 10% solution 
of ferric chloride solution A red color is formed which disappears slowly when a 
few milliliters of dilute mercuric chloride solution are added This confirms that 
the explosiv e is lead azide 

MERCURY FULMINATE 

Procedure — Test the explosive for solubility in water Mercury fulminate ism 
soluble in water 

Transfer 10 mg of the sample explosive to a fritted glass crucible of medium 
porosity Extract the sample with a 20% solution of sodium thiosulfate catching 
the washings in a 50 ml beaker containing 10 drops of a 1% plienolphthalem indi 
cator solution When the mercury fulminate is treated with sodium thiosulfate it 
dissolves with formation of alkali (i\aOH) which changes the color of the Midi 
c itor solution from colorless to red 

Transfer 10 mg of the sample to a 10 ml beaker and add 3 drops of concen 
trated HC1 solution and 2 ml of water Transfer the solution to another beaker 
containing 1 drop of a o% solution of potassium iodide The formation of a bnght 
red precipitate indicates the presence of the mercuric ion 

DIAZODIA ITROPHEA OL ( DDNP) 

Procedure— Dissolve 0 0d g of the low density gTeenish yellow to brown explo- 
sive in acetone Upon adding a larger volume of ice water the explosive should 
appear as a bright yellow precipitate Prepare a saturated solution of the explo 
sive in 200 ml of water Add to this 5 ml of a 20% solution of NaOH and mu 
The evolution of a colorless gas and the appearance of a reddish brown color in 
the solution indicate the explosive to be diazodimtrophenol 

LEAD STY PH A ATE 

Procedure —Wet 0 1 g of the heavy light orange to reddish brown material with 
10 ml or water and then add slowly 10 ml of a 20% solution of ammonium 
acetate Agitate the mixture until solution is complete Add 10 ml of a 10%,solu 
tion of potassium dichromate The appearance of a bright yellow precipitate indi 
cates the presence of lead To 0 1 g of the explosive in a beaker add 10 ml of a 
10% solution of HC1 Heat the mixture on a steam bath and evaporate to dry 
ness Cool the beaker and contents and add 10 ml of diethyl ether Mix the 
contents and allow to settle Decant or filter off the ether solution and evaporate 
it to dryness at room temperature Dissolve the residue in 2 a ml of water and 
add 0 1 g of solid KCN The absence of color indicates the explosive to be lead 
styphnate 

TETRACEAE 

Procedure —Wet 0 2 d g of the fluffy pale yellow explosive with 5 ml of a 10% 
solution of NaOH and warm the mixture on a steam bath until solution is com 
plete Note if there is an odor of ammonia Cool the solution and add 1 ml 
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of a 5% solution of copper acetate. The appearance of a bright blue precipitate 
indicates the explosive to be tetracene. If 0.25 g. of the unknown explosive is not 
available, the identification could be carried out microscopically. 

NONINITIATING EXPLOSIVES 

GENERAL TESTS 

Many noninitiating explosives can be identified by making a series of tests, and 
comparing the results with those given in Table 32-2. The tests are as indicated 
below. 

Test /.—Place 0.05 g. of the explosive in a 5-ml. beaker, add 2 to 3 ml. of dis- 
tilled water, and stir for 5 min. Observe the color of the liquid. Wet one end of 
a strip of universal pH indicator paper, and note any change in color. Add a 
drop of Nessler’s reagent and note the color of any precipitate formed. Prepare 
the reagent by dissolving 5 g. of potassium iodide in a minimum quantity of cold 
distilled water, and adding a saturated aqueous solution of mercuric iodide until 
a faint precipitate is formed. Add 40 ml. of 50% potassium hydroxide solution. 
After the solution has clarified by settling, dilute to 100 ml. with distilled water, 
allow to settle, and decant. 

Test 2.— Place 0.05 g. of the unknown material in an indenture of a white porce- 
lain spot-test plate. Add 2 or 3 drops of a 65 to 68% aqueous solution of ethylene- 
diamine, and stir. Note the color of the solution (not the solid). 

Test /.—Place 0.05 g. of the unknown material in an indenture of a white 
porcelain spot-test plate, and add 3 or 4 drops of a diphenylamine solution. Stir 
the mixture and, after 1 min., note the color of the solution. Prepare the diphenyl- 
amine solution by dissolving 1 g. of diphenylamine in 100 ml. of concentrated 
reagent-grade sulfuric acid. 

Test 4— Place 0.05 g. of the unknown material in an indenture of a white por- 
celain spot-test plate. Add an equal amount of crystalline thymol and 3 drops of 
concentrated sulfuric acid. Stir the mixture and note its color after 5 min. or 
more. 


AUXILIARY TESTS FOR SPECIFIC MATERIALS 

RDX .— Place 1 ml. of the white, unknown material in an indenture of a white 
porcelain spot-test plate, and add not more than 1 ml. of thymol. Grind and mix 
the 2 materials intimately with the end of a glass stirring rod. Add 3 drops of con- 
centrated H 2 S0 4 , and stir. After 1 min., add 2 drops of 95% ethanol, and stir 
the mixture. The appearance of a pink or rose color indicates the presence of 
RDX. If a blank test is made, a faint pink color is developed, but the effect of 
the presence of RDX is unmistakable. 

Composition A-3.— Place 0.1 g. of the material in a 10-ml. beaker and add 2 or 
3 drops of acetone. Warm the mixture and allow to stand for 5 min. Evaporate 
the acetone by gently warming on a steam bath, cool, and add 2 ml. of carbon 
tetrachloride. Cover the beaker and warm the contents, occasionally swirling the 
mixture. Cool the mixture and allow the undissolved material to settle. Decant 
the supernatant liquid into a 5-ml. beaker, evaporate to dryness, and note if a 
waxy (not tarry) residue is obtained. Dry the undissolved material in the 10-ml. 
beaker, and test for RDX as described above. 

Composition B.— Place 0.2 g. of the pale yellow to medium brown material in a 
10-ml. beaker, and add 2 to 3 ml. of chloroform. Cover the beaker. Warm and 
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Table 32-2 Tests of Nomnitiating Explosives 



ir« 

let .vh uf ic n or hxlrael 

— 

Color r ffrel of TtSI 

C >lor 

Color of 
Universal 
pH Test 

Color of 
Precipitate 
w ith Nes«ler s 

Fthylenc 

diamine 

Diphenyl 

Thymol 

TNT 

(Insoluble) 



Maroon 

Colorless 


Trtryl 

(Insoluble) 



Red 

Blue 

Green 

Picric acid 

\ ellow 

Red 

No precipitate 

Orange 



Explosive D 

V ellow 


Brown 

Orange 



Haleitc 

None 


No precipitate 

None 

Blue" 

Orangi 

Nitron uanidine 

None 


W lute 


Blue 

Green 

Ammonium nitrate 

None 


Brown 

None 

Dirty green 

Green" 

PETN 

(Insoluble) 



None 

Dirty green 

Grein 

Nitroglycerin 

None 


No precipitate 


Deer blue 

Creen 

DEGN 

None 


No precipitate 


Deep blu 

Brown* 

Nitrocellulose 

None 




Blue 

Green 

Tritonal 

(Insoluble) 



Maroon 

Colorless 


Tetrytol 

(Insoluble) 


No precipitate 

Maroon 

Intense b ue 

Green 

Picrato) 

Yellow 


Brown 

Maroon 



Ednatol 

None 

Orange 

No pricipititc 

Maroon 

Intense blue 

Orange 

\malol 

None 


Brown 

Maroon 

Dirty green 

Green 

Ammonal 



Brown 

Maroon 

Dirty green 

Green 

Pentolite 

None 


No precipitate 

Maroon 

Dirty green 

Green 

Trimomte 

Yellow 

Red 

No precipitate 

Orange 

Red 


Tndite 

\ ellow 

Red 

No precipitate 

Orange 



Black powder c 

Non, 

No change 



Blue 

C'"" 


“ Color appears immediately 

6 Sometimes explodes mildly (puffs) upon addition of sulfuric acid 
c Tests of dried water extract 


digest the mixture for 10 mm with occasional swirling Decant the supernatant 
liquid through a piper filter ind evaporate the filtrate to dryness Digest the 
insoluble residue in the betker with 3 more portions of chloroform, discarding Ihc 
decanted liquid in each case Dry the insoluble residue by evaporating any ad 
herein chloroform If the original material was composition B the residue from 
evaporation of the chloroform filtrate consists of TNT and wax Test the 1M 
and y,ix mixture with ethylenediaminc and diphenylamme as described m lest 
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2,” and “Test 3” above (Table 32-2). The residue insoluble in chlorolonn con- 
sists of RDX. Test it as described above. 

Composition C-3 - Place 0.2 g. of the putty-like explosive in a 10-ml. beaker, 
and add 5 ml. of benzene. Mix and digest for 10 min., crushing any lumps pres- 
ent. Decant the supernatant liquid through a paper filter, and evaporate the 
benzene with gentle heating. Note whether a dark, tarry residue remains. Wash 
the insoluble residue left by benzene extraction with two or three 3-ml. portions 
of a 2:1 ether-ethanol mixture, and dry the washed residue. Test this as described 
under “RDX,’‘ above. To the decanted ether-ethanol washings, add 15 ml. of dis- 
tilled water, and heat the mixture until all ether and alcohol are removed. Note 
if a white precipitate separates; if so, it is nitrocellulose. Catch the precipitate on 
a filter, wash with ethanol, dry by evaporation of the ethanol, and test for nitro- 
cellulose as described in “General Tests,” above (Table 32-2). 

Torpex — Place 0.2 g. of the explosive in a 5-ml. beaker, and extract with three 
3-ml. portions of acetone. Dry the insoluble residue, and examine it under a 
microscope. Note if it has the characteristic appearance of metallic aluminum. 
Place 0.2 g. of the explosive in a 5-ml. beaker, and digest with two 3-ml. portions 
of benzene, decanting the benzene into a small evaporating dish. Evaporate the 
benzene solution to dryness and test for TNT as described above (Table 32-2). 
Dry the insoluble residue from the benzene extraction and lest for RDX as de- 
scribed above. 

TritonaL — Place 0.2 g. of the explosive in a 10-ml. beaker, and add 5 ml. of 
acetone. Stir, allow any undissolved material to settle, and decant the liquid. 
Wash the insoluble matter with two 5-ml. portions of acetone, dry, and examine 
under a microscope. Note if it has the characteristic appearance of metallic 
aluminum. Subject the explosive to the tests prescribed for TNT in Table 32-2. 

Amatol— Place 0.2 g. of the yellow material in a 5-ml. beaker, add 3 ml. of dis- 
tilled water, and stir for 5 min. Decant the liquid through a filter, and evaporate 
to dryness. Test the dried solid as prescribed for ammonium nitrate (see Table 
32-2). Dry the water-insoluble residue, and test as prescribed for TNT in Table 
32-2. 

Ammonal .— Place 0.2 g. of the explosive in a 10-ml. beaker, and digest with 3 
ml. of distilled water. Decant the liquid through a filter, and evaporate to dry- 
ness. Test the dried solid as prescribed for ammonium nitrate (see Table 32-2). 
Digest the insoluble residue in the beaker with three 3-ml. portions of acetone, 
decanting these through a filter. Dry the insoluble residue, and examine it under 
a microscope. Note if it has the characteristic appearance of metallic aluminum. 
Evaporate the filtrate to dryness by warming gently. Test the dried solid as pre- 
scribed for TNT in Table 32-2. 

BLACK POWDER (INITIATING EXPLOSIVE AS USED AS AN 
IGNITER OR FUZE; NONINITIATING EXPLOSIVE AS 
USED FOR A BURSTING OR BLASTING CHARGE) 

Procedure.— V lace 0.2 g. of the black material in a 5-ml. beaker, add 2 to 3 ml. 
of distilled water, and stir for 5 min. Decant the liquid through a filter, and 
catch the filtrate in a beaker. Evaporate this to dryness, and subject the dried 
white solid to the tests shown in Table 32-2. Dry the water-insoluble residue in 
the beaker, cool, and digest with two 5-ml. portions of carbon disulfide, decanting 



1350 EXPLOSIVES AND PROPELLANTS 

these into an evaporating dish E\ aporate the carbon disulfide solution to drv 
ness at room temperature By means of a microscope examine the yellow residue 
so obtained and the insoluble black residue from the carbon disulfide extraction 
Note if they hive the ch ir ictenstic appearances of sulfur crystals and charcoal a 

WATER SOLUBLE SALTS 

For the interpretation of results of analysis of an explosive mixture containin' 
several water soluble salts it is frequently advantageous to determine the identity 
of one or more of the w iter soluble components This may be done in a number 
of ways using a sample that has been freed from ether soluble constituents by 
solvent extraction Tor example, the following techniques may be applied micro 
scopic examination, infrared spectrophotometry X ray diffraction, or mechanical 
separation based on differences in specific gravity, utilizing a series of test liquids 
of varying density prepared by mixing chloroform (sp gr 1 49) and bromoform 
(sp gr 2 83) 

QUANTITATIVE ANALYSIS OF EXPLOSIVE MIXTURES 

A key to the quantitative .analysis of common explosive mixtures is provided in 
Table 32 3 

Except for the Composition C fornnil uions and dvn tmues all the explosives of 
Table 32 3 are readily analyzed by simple gravimetric procedures following ex 
traction with a suitable solvent or a succession of solvents A complete synopsis 
is not supplied here for Composition C formulations but suitable procedures will 
probably become apparent to the analyst when he examines the particular Com 
position C to be analyzed, and considers the solubility and chemical characteristics 
of each ingredient Dynamite analysis is presented in the following section 

DYNAMITES 22 

Alfred Nobel gave the name dynamite to the mixture of nitroglycerin and 
kieselguhr that he invented in 1866, the strength of the dynamite being indicated 
by the percentage of nitroglycerin in the mixture The term is now applied to 
any solid blasting explosive that is a mixture of inorganic nitrate, carbonaceous 
matenal and an initiating compound (such as nitroglycerin) 

By replacing the chemically inert kieselguhr with a combustible absorbent such 
as wood pulp and adding sodium nitrate, active dope' dynamites with improved 
explosive strength were produced Later on by replacement of part of the mtro 
glycerin ind sodium nitrate by ammonium nitrate less costly “ammonia ’ dyna 
mites were brought into existence Over the last decade there has been a trend 
toward using higher and higher proportions of ammonium nitrate Improvement 
in water resistance and plasticity, and increase in density were achieved by includ 
mg nitrocellulose m dynamites to produce ‘ gelatin' dynamites Blasting gelatins 

at End of material quoted with minor modifications from Military Explosives 

22 for a large propoition of the material presented under this heading the author is 
greatlv indebted to Mr \\ \V Becker and others of the Hercules Research Center 
mington Delaware Mr H A Read, of the Hercules Powder Company, kernel New 
Jersev, and to technical personnel of the E I DuPont de Nemours and Company, ln£ 
especially Dr V. F Jackson of the Explosives Department, Research and Development 
Division Wilmington Delaware, and Mr C I Johnson of the Eastern Laboratory, Gibbs 

town. New Jersey 
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Table 32-3. Explosive Mixtures, Quantitative Analysis Outline ° 


Designation 

Ingredients 

Scheme of Analysis 

Amatol 

TNT, NH 4 NO s 

Extract TNT in benzene. 

Ammonal 

TNT, NH 4 NO 3 , A1 

Extract TNT' in CeLL; 

Baratol 

TNT, Ba(NO a ) 2 

NH,N Os in H 2 0. 

Extract TNT in CelL. 

Composition A (1,3) 

RDX, wax 

Extract wax in toluene 

Composition B 

TNT, RDX, wax 

(saturated with RDX). 
Extract TNT and wax in 

Composition C (1,2, 3, 

TNT, RDX, plastic c 

toluene (saturated with 
RDX ). 6 

Extract TNT in toluene 

and 4) 


(saturated -with RDX) , d 

Dynamites 

See “Dynamites,” p. 1350. 

See “Dynamites,” p. 1350. 

Nitroglycerin 

Straight 

Ammonia 

Gelatin 

Ammonia-Gelatin 

Low freezing 

Nitrostarch explosives 
“Permissible” explosives 
Ednatol 

TNT, EDNA 

Extract TNT in dimethyl 

Pentolite 

TNT, PETN 

ether (saturated with 
EDNA). 

Extract TNT in CHCI 3 

Picratol 

TNT, ammonium picrate 

(saturated with PETN). 
Extract TNT in cold di- 

Tetrytol 

TNT, tetryl 

ethyl ether (saturated with 
ammonium picrate). 

Extract TNT in boiling CCI 4 , 

Torpex 

TNT, RDX, A1 

chill 0°C. filter. Correct 
for solubility of tetryl in 
0°C. CCI 4 . 

Extract TNT in toluene 

Tri tonal 

TNT, A1 

(saturated with RDX) and 
extract RDX in acetone 
leaving Al. 

Extract TNT in acetone. 


0 Based on Military Explosives, footnote 1. 

6 Frequently percentage of TNT and wax are reported together. If separate values are 
needed, evaporate the toluene solvent to small volume, add 50 ml. of 70% acetic acid, boil, 
chill, filter out wax, dissolve wax in CHCI 3 , and evaporate the CHCI 3 solution in a tared 
beaker. 

' Plus small amounts of tetryl, polyisobutylene, nitrocellulose. 

d Remainder of the determination varies greatly depending on composition. 
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composed of 8 to 12% of nitrocellulose colloided with 88 to 92% of nitroglycerin 
ire especially useful in underwater blasting 
The cost of glycerin and the tendency of nitroglycerin to freeze at some atmos 
phene temperatures led to the partial replacement of nitroglycerin by antifreeze 
miterials such is nitrated diglycerin dmitrotoluene and mtroglycol (ethylene 
glycol dinitrate) For economic re isons the list named material is the one most 
commonly used at present Most of the currently used dynamites are of the low 
freezing type 

Nitrostarch explosives may contain in addition to the mtrostarch any of the 
following components oxidizing agents such as sodium ammonium or calcium 
nitrate combustible material such as aluminum flour sulfur paraffin or mineral 
oil antacids such as calcium carbonate or zinc oxide TNT DNT dicyandiamide 
ferrosilicon and dyes Nitrostarch dyn mutes are used in cartridge form with 
piper wrappers for commercial blisting 

Permissible explosnes are coil imnin n explosives that have passed the pre 
scribed tests by the Bureau ol Mines tnd ire approved by the Bureau on a trade 
name basis for use in underground coil mines Bureau of Mines Information 
Circular 7832 shows tint as of December 31 19a7 there were 159 different ap 
prosed brands manufactured by eleven companies’ 3 

The following analytical procedures apply to all classes of nitroglycerin dyna 
mites (straight ammonii gelatin ammonia gelatin and ton freezing) and to 
nitrostarch and permissible explosises Table 32 4 shows typical compositions 
for 40% nitroglycerin dynamites 


Table 32 4 Some Tvpical Dynamite Formulas for “40%’ Grades, Approximate 
Percentage Compositions on Dry Basis- 




F ! 

P Depressants 


Carbona 



Type 

NG 

(eg 

DEGDN) 

nh 4 no, 

NaNOs 

NC 

(eg 

Wood 

Pulp) 

i ('g» 
CaGOj) 

S 


¥1 



_ 





_ 

Ammonia 

17 


31 

38 

— 


1 

4 

Gelatin 

32 


— 

53 

1 

11 

1 

2 

Ammonia Gelatin 

26 


8 

51 

05 

8 

1 

55 

Low Freezing 

Low Freezing 

30 
17 1 

10 

— 

44 

— 

15 

1 

~ 

Ammonia 


4 

20 

45 

— 

13 

1 



“Based on footnote 1 p 206 and Bur of Mines Bull No 80 p 21 


Caution —(J) Use rubber gloves when sampling dynamite to avoid absorption of 
nitroglycerin by the skin (2) Dispose of ill waste materials in accordance wit! 
pertinent directions given m safety mutuals on laboratory handling of explos' ci 

as Details of analysis are given in Storm C G Bureau of Mines Bulletin No 96 The 
Analvsis of fermissible Explosives 1916 
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(3) Diethyl ether used for extractions must be free from peroxides (see instruc- 
tions under “Procedure D-2. Ether Extraction,’’ p. 1354 below). 

SAMPLE PREPARATION 

Dynamites are subject to certain changes of composition, primarily because ol 
segregation of the nitroglycerin in the lower portion, and secondarily, because of 
the greater absorption of moisture in the more exposed portion. These changes, 
especially those due to the primary cause, take place in a relatively short time; sticks 
of well-mixed dynamite, if allowed to stand on end for 24 hr., will show by anal- 
ysis an appreciable difference in the nitroglycerin content of the upper and lower 
ends, the latter, of course, being the higher. With regard to the secondary cause, 
the ends of a cartridge are apt to show a higher moisture content than the middle 
portion, with a corresponding change in the general percentage composition. This 
is especially true when the shell crimps are not perfectly tight. Gelatin dynamites 
are much less subject to change from the two causes mentioned than other types 
of dynamite. 

Procedure .— Carefully uncrimp the wrapper^ and transfer the powder, in its 
original form, to a sheet of parchment paper or dynamite shell paper. Carefully 
remove and discard any traces of residual powder from each wrapper. Retain the 
cleaned wrapper for analysis. Take care that no paraffin from the wrapper, nor 
any adhering to the dynamite inside the ends of the cartridge, becomes mixed 
with the sample. 

Using a spark-proof knife, cut off and discard about 1 in. of powder from each 
end of the stick. Thoroughly mix the remaining portion, preferably with a hard 
rubber spatula. Gelatin dynamites, after removal of the wrapper or shell, should 
be quartered lengthwise, cut into Win. sections, and then blended. 

The presence of any lumps of blasting gelatin should be reported for all types 
of dynamite examined. 

Mix the sample and transfer it at once to a suitable wide-mouthed, rubber- 
stoppered bottle. Never use a glass stopper or a polyethylene container. 

If portions of the dynamite for analysis are to be weighed out soon after sam- 
pling (within 1 hr.), the bottle may be kept on its side and the portion with- 
drawn without remixing; otherwise, it will be necessary to remix the sample just 
before taking any of it because of the settling of the nitroglycerin. In general, 
however, frequent remixing of a sample is to be avoided because of possible loss 
of nitroglycerin. 


COMPLETE ANALYSIS 

Following qualitative testing, a typical complete analysis may take the form il- 
lustrated by the flow sheet of Fig. 32-11. (See Note on p. 1361.) 

PROCEDURE D-l . MOISTURE BY CARBON TETRACHLORIDE 

DISTILLATION 

The distillation method is suitable for regular dynamites, but the Karl Fischer 
Method, D-l a, should be used for dynamites that contain aluminum, or for those 
that arc high in NH 4 N0 3 and low in NG. 

For the distillation method follow the procedure given under “General Meth- 
ods, p, 1289. The amount of sample taken for the determination depends upon 
the expected water content, and upon whether the 6.0-ml. or 1.0-ml. receiving 
tube is used. With the 6.0-ml. tube, refluxing is usually conducted for 1 hr., and 
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with the 1 0 ml tube the refluxing tune is 30 mm to l hr depending on the t)pe 
of sample tested 

Always dispose of the CCI 4 extract by pouring it into an appropriate waste re 
cepiacle containing absorbent material 


ViEU. BLENDED DYNAMITE SAMPLE 



PROCEDURE D la MO/STLRE BY THE EARL FISCHER TITRATIO\ 
Use the procedure described for Karl Fischer Titration under General Meth 
ods (p 1290) with the following specific directions 

Procedure —Accurately weigh 10 g of sample into a dry 2a0 ml solumetrjc 
flash Make up to the mark with absolute methanol mix and allow to stand until 
the supernatant liquid is clear this usually requires about 1 hr Transfer a 2a ml 
aliquot to a dry titration flask quickly close the flask and immediately titrate 
with Karl Fischer reagent Run a blank on 2a ml of the methanol used 

PROCEDURE D2 ETHER EXTRACTION 
Caution —Diethyl ether ACS grade anhydrous is used for the extraction of (h 
namites It must be free from peroxides If peroxides are present an explosion 
may occur during the extraction or in the subsequent evaporation of the ether 
extract The following test is recommended by the Institute of Makers of Ex 
plosives add 1 ml of a solution of 5% cadmium iodide 5% potassium iodide 
and 90% water to 10 ml of ether in a glass stoppered bottle shake several times 
during a period of 1 hr keeping the bottle in the dark orange color in the 
solution indicates peroxide 

Procedure A —Place 40 ml of ether in the tube (47 mm I D by 275 mm length) 
of a Wiley extractor (Fisher Scientific Co No 9 605 or equivalent) Weigh ex 
actly 10 000 g of blended sample into a tared Gooch crucible carrying an asbestos 
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mat, assemble the apparatus and adjust the temperature of the water bath so that 
ether falls into the crucible in a steady stream and filters through die crucible 
without overflowing it. (A glass filter paper may be used in place of asbestos, 
provided an ash determination is not later required.) Time for complete extrac- 
tion varies from 2 to 4 hr. or longer, depending on die type of dynamite. 

Remove the crucible from the extractor, dry it by suction undl all odor of ether 
is gone, and then dry in an oven (safety type steam or electric) for 2 to 3 hr. at 
95°C. or overnight at 70°C. Cool in a desiccator and reweigh. 

loss in weight X 100 _ 

Ether soluble, per cent = : — percentage of moisture 

r sample weight 

Note. — The ether solubles include NG, DNT, TNT, MNT, EGDN, DEGDN, TNDG, 
paraffin oil, phthalates, coatings (from ammonium nitrate, etc.), the oils and resins nat- 
urally occurring in the carbonaceous dopes, and part of any sulfur which may be present. 

Procedure B ( Auxiliary Extract).— The amount of explosive oils derived in the 
quantitative procedure for percentage of ether solubles described above is usually 
not adequate for all tests that are desired on the explosive oils. Hence, an addi- 
tional quantity of about 10 g. is prepared by treating a suitable sample as follows: 
place a piece of rapid filter paper in a 3-inch Buchner funnel; then fill the funnel 
from one-quarter to three-quarters full of the dynamite sample; the amount will 
depend on the explosive oil content of the dynamite, and may be calculated from 
the value for percentage of ether solubles; pour on 50 ml. of ether, let stand, and 
then apply suction; repeat with 3 additional 50-ml. portions of ether; transfer the 
ether-extraction filtrate to a suitable beaker, and evaporate the ether under the 
combined effect of heat (about 50 to 60°C.) and a dry stream of air; care must be 
taken to regulate the air jet so as not to cause condensation of atmospheric mois- 
ture. The evaporation should be continued until the odor of ether cannot be 
detected and then 15 min. longer; allow the residue to stand overnight; filter off 
the oils, resins, and sulfur in the explosive oil, using a small, fast filter paper; 
store the explosive oil in a calcium chloride desiccator plainly labeled as to its 
contents. 


PROCEDURE D-3. TREATMENT OF ETHER EXTRACTS 
Sulfur.— Evaporate the ether extract in a 250-ml. beaker, using a gentle air jet 
and moderate heat (50-60°C.). After complete removal of the ether, add 50 ml. 
of 1.0 N alcoholic KOH solution, and cover with a watch glass. Let stand over- 
night at room temperature, or heat on the steam bath for 4 hr. to saponify die NG 
and convert the sulfur to a water-soluble form. Remove the watch glass and evap- 
orate to one-half volume, to remove the alcohol. 

Transfer quantitatively to a 500-ml. separatory funnel, using about 200 ml. of 
water. Extract with three 50-ml. portions of edier, and combine the extracts. 
Save the ether extract for the determination of oils and resins. 

To the aqueous layer add 2 ml. of a 1:1 bromine-CCl 4 mixture, 10 ml. of 1:1 
HC1, and heat on the steam bath until the bromine is volatilized. Add 10 ml. of 
10% BaCL solution, with stirring. Digest on the steam badi for 1 hr., and filter 
dtrough a tarecl Gooch crucible with asbestos mat. Wash free of chlorides with 
hot distilled water. Dry at 100°C. and heat at 700 to 800°C. for 1 hr. Cool in a 
desiccator and weigh. BaS0 4 X 0.13734 = S. 
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This value is lor ether soluble sulfur only for total sulfur determination see 
Procedure D 8 below 

Oils and Resins —Evaporate the ether extract retained from the sulfur detei 
ruination (see paragraph tbove) to dryness on the steam bath heat the residue 
for 1 hr at 85°C cool and weigh Calculate weight of residue to percentage of 
oils and resins 

A tlrogen —Transfer an accurately weighed sample of 0 700 ± 0 050 g of filtered 
and dried explosive oil (from an ether extraction of the dynamite) to the decom 
position bulb of a du Pom nitrometer with the aid of 5 ml of glacial acetic acid 
Add 2a ml of 95 0% H,S0 4 and complete the determination as described in 
\ ol I p 755 

Alternatively determine the nitrogen content by the ferrous titanous titritioi 
procedure described under Nitroglycerin (Glycerol Trinitrate) by Ferrous Titan 
ou$ Titration p 1391 

Nitro Compounds The treatment ol the residue obtained by evaporation ol 
tite ether from the ether extract depends somewhat on its composition If the 
residue is essentially solid indicating absence of nitroglycerin omit the treatment 
with methyl sulfuric acid as described below If sulfur is absent omit the iiltra 
tion If both nitroglycerin and sulfur are present proceed as follows 

Transfer 1 000 g of the filtcied dried explosive oil (from an ether extraction) 
to a 100 ml beaker Add 10 ml of freshly prepared methylsulfunc acid (equal 
volumes of methanol and 95% sulfuric acid) Heat the Iieaker on a steam bath 
for 30 min to destroy the nitroglycerin 

Cool add 40 ml of distilled water and transfer the solution to a 250-ml separa 
tory funnel Extract with oO ml of diethyl ether and draw the water layer off 
into a second separatory funnel Repcit the extraction with two 25 ml portions 
of ether and then combine the 3 extr icts 1\ ash the combined ether extract first 
with 25 ml of saturated aqueous NuHCO, solution and then with 25 ml of dis 
tilled water Discard the wash solutions 

Transfer the ether solution to a 150 ml beaker evaporate to dryness on a steam 
bath and weigh 

Nitro compound* pci cent 

grams nitro compound X percentage of ether sol uble (P 2A) 
grams of explosive oil weighed 

COLORIMETRIC TESTS FOR \ITRO COMPOUNDS 

NaOH HCl Solutions —Transfer about 0 1 g of the nitro compounds to a test 
tube add 10 ml of acetone and stir to dissolve Add 5 ml of 5% aqueous NaOH 
solution mix and allow to stand for 3 to 5 min Observe the color 

Acidify the solution with 1 1 HCI and again observe the color after 3 to 5 min 

(NH 4 )„S Solution —Transfer another 0 1 g portion of the nitro compounds to 
a test tube add 10 ml ol acetone and stir to dissolve Add 5 ml of methanol 
o ml of filtered ammonium sulfide solution mix and allow to stand for 3 to a 
mm Observe the color 

Refer to Table 32 5 and on the basis of the colors formed report which nitro 
compound is present 

It is advisable to make simultaneously colorimetric tests on known samples of 
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Table 32-5, Color Reactions of Dinitrotoluene (DNT) 
and Trinitrotoluene (TNT) 


Test Solutions 

Color Formed 

DNT 

TNT 

Acetone-NaOH 

blue 

red 

Acetone-NaOH-HCl 

greenish yellow 

red 

Acetone-methanolic (NH<t)-_>S 

no coloration 

red 


DNT and TNT, and compare the exact colors formed. If the color formed by 
the unknown is not clear-cut, add either DNT or TNT to a fresh portion of the 
sample, and repeat the tests. The explosive oils may also be analyzed for nitrate 
nitrogen and nitro nitrogen by the ferrous-titanous procedure described under 
“Dinitrotoluene by Titanous Chloride Reduction,” in “Method When Nitrate 
Esters Are Present in the Propellant,” p. 1384, and in “Nitroglycerin (Glyceryl Tri- 
nitrate) by Ferrous-Titanous Titration,” p. 1391. If nitro nitrogen is found, apply 
the above described procedure for destruction of NG and identification of DNT 
and TNT in the explosive oils, and calculate the quantity of nitrocompound 
present. 

PROCEDURE DA. WATER EXTRACTION 

Procedure.— Extract the crucible and residue from the ether-soluble determina- 
tion with about 200 ml. of distilled water added in 6 or 7 portions. Retain the 
extract for the determination of salts. 

Dry the water-extracted residue for 4 hr. or overnight at 95 °C., cool in a desic- 
cator, and weigh. Calculate loss in weight to percentage of water soluble. 

Samples that contain flour or similar materials are difficult or practically impos- 
sible to extract with water, and are treated as follows: transfer the entire ether- 
insoluble residue to a 250-ml. volumetric flask with water, dilute to the mark, mix, 
and let settle; use aliquot portions of the clear supernatant liquid to determine 
the salts present (NH 4 N0 3 , NaNO a , NaCl, etc.). 

PROCEDURE D-5. TREATMENT OF WATER EXTRACT- 
DETERMINATION OF SALTS 

Procedure.— Transfer quantitatively the filtrate from the water extraction to a 
250-ml. volumetric flask, dilute to the mark, and mix thoroughly. If foam rises in 
the neck, it may usually be dispelled by adding a drop of ether. Transfer the 
solution to a clean dry bottle, and stopper until ready to take aliquot portions for 
aualysis. 

The water soluble ingredients that may be present are ammonium nitrate, so- 
dium nitrate, and sodium chloride, along with the water-soluble portion of the 
carbonaceous dope, and traces of calcium and zinc salts. The total salts present 
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in solution, when determined by the following methods, should equal the loss in 
weight due to water extraction, or show an “unidentified” value of not more than 
1 0 % 

Ammonium Nitrate.— Using an aliquot of the water extract, determine ammo 
mum nitrate by the formaldehyde method as described under ' Assay by Formalde 
hyde Method," p 1313 

Sodium Nitrate — Pipet 50 ml of the water extract into a tared 80 or 90 mm 
porcelain e\aporating dish, add 5 ml of 40% H 2 S0 4 , and evaporate to near dry 
ness on a steam bath Continue the evaporation over a low flame or an electric 
hot plate until all the ammonium salts are volatilized and the excess H,S0 4 is 
driven off This must not be done too rapidly, otherwise sodium salts may be 
lost by spattering When no more fumes of S0 3 are visible, heat at 900°C to 
constant weight, preferably m a muffle Cool and weigh the resulting Na 2 S0 4 
Na 2 S0 4 X l 197 = NaNOg If the amount of NaCl is 1 0% or higher apply a 
correction as follows 

Corrected percentage of NaNOj 

= percentage of NaN0 3 uncorrected — (1 45 X percentage of NaCl) 

Chlorides as NaCl.— Pipet 25 ml of the water extract into a 500 ml Erlenmeyer 
flask Add 100 ml of distilled water, and determine chlorides by the Volhard 
procedure as described on p 1312 

Chlorides as NaCl, per cent = - (gee Eq 32-4 ) 

Magnesium Nitrate.— Magnesium nitrate is rarely used If it is present deter 
mine magnesium by the conventional gravimetric method, weighing Mg 2 Pj0 7 as 
the final product 

Mg 2 P 2 0 7 X 2 ^04 = Mg(N0 3 ) 2 6H.O 

Chlorates and Perchlorates. Qualitative —It is necessary to remove any chlo 
ride present, reduce the CIO a - and C10 4 ~ to Cl~, then test qualitatively with 
AgN0 3 solution 

For chlorate, acidify a 25 ml portion of the water extract with a few milliliters 
of HNOj, then add 5 ml of 10% AgN0 3 solution Heat to boiling and digest 
until the AgCl is coagulated, then filter Disregard the AgCl To the dear fil 
iVnftQ .(uld J m' uv c if% Ai'oJvS'g ^irmUivuviy dum’/ ami 1 dun' ivhr svnbvluir anvil' all® 
odor of S0 2 can no longer be detected, this usually requires 10 min Add a lew 
milliliters of AgNO a solution, a white precipitate of AgCl shows that CIOa - was 
present 

Perchlorate is not reduced by H 2 SO a and, if present, will remain unchanged m 
the filtrate Evaporate the filtrate to dryness on the steam bull in a platinum 
crucible Add 5 g of Na 2 CO s , mix, and heat over a burner until a clear melt is 
obtained After cooling, dissolve in water, acidify with HN0 3 , and add AgNO„ 
solution A white precipitate of AgCl shows that CI0 4 — was present In order 
to obtain a valid test for perchlorate, all chlorate must be reduced in the treat 
ment with H 2 SO a 

Quantitative .— The chlorate determination is made on a portion of the original 
water extract and must, therefore, be corrected for any chlorides that are present 
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Dilute a 25-ml. aliquot of the water extract of the explosive to about 150 ml., 
aud add 10 ml. of 6% H 0 SO a . Boil the solution until the odor of S0 2 can no 
longer be detected, usually 10 min. Add 2 ml. of 1:3 HNO s , and 50 ml. of ap- 
proximately 0.1 N AgNO a solution. Cover the beaker containing the mixture with 
a watch glass, and heat on the steam bath for 30 min. Filter off the precipitated 
silver chloride, wash, dry for 2 hr. at 110°C., cool in a desiccator, and weigh. 

Calculate the results as sodium or potassium chloride as appropriate. 

The perchlorate determination is made on a portion of original water extract, 
and must, therefore, be corrected for any chlorides plus chlorates that were present. 

Evaporate a 25-ml. aliquot of the water extract to dryness in a platinum crucible. 
Add 5 g. of anhydrous Na 0 CO s to the crucible, and mix. Heat carefully, then 
ignite until a clear melt is obtained, and continue heating for a period of 15 to 20 
min. Cool the melt, dissolve in dilute HNO s , and determine the chloride by 
precipitation with AgNO s . 

If both chloride and chlorate are present, in addition to perchlorate, this de- 
termination gives the sum of all 3 of these ingredients weighed as silver chloride. 

The result is corrected for the chloride and chlorate present and calculated to 
the sodium or potassium salt as follows: 

Weight AgCl X 0.4078 = weight of NaCl, 

or Weight AgCl X 0.5205 = weight of KC1. 

[Weight NaCl — (a + c)[ X 2.095 = weight NaC10 4 

[Weight KC1 - (b + </)] X 1.858 = weight KC10 4 

where a = weight NaCl originally present as such in aliquot taken, 
b = weight KC1 originally present as such in aliquot taken, 
c = weight of NaCl equivalent to the NaClOs originally present in the aliquot 
taken, and 

d = weight of KC1 equivalent to the KCIO 3 originally present in the aliquot 
taken. 

These results are then calculated to percentages. 

Other Salts.— Salts, other than those covered by analytical procedures already 
presented, are not frequently used in dynamites. Zinc salts or calcium nitrate 
may sometimes be found in nitrostarch explosives. Sugar has occasionally been 
added to dynamites. 

Zinc can usually be precipitated as the carbonate and ignited to the oxide, Z 11 O. 

Calcium is determined by the conventional precipitation as oxalate and meas- 
ured by the KMn0 4 titration. 

Sugar may be estimated by means of the polarimeter or by the Fehiing solution 
method. 

Potassium may be determined by the tetraphenylboron procedure (p. 1400) or by 
flame photometer (p. 1376). 

PROCEDURE D-6. ACID EXTRACTION 

The purpose of the acid extraction is to remove the antacid in the sample, 
and thereby permit its subsequent estimation, i.e., calcium carbonate and infre- 
quently zinc oxide (in the presence of ammonium salt, a portion of zinc oxide 
present will appear in the water extract). 
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Two procedures are gi\en (a) acid extraction at room temperature, in the ab- 
sence of starch and (b) acid extraction on boiling in the presence of starch 
The presence of metallic aluminum which is encountered in some powders, will 
interfere If the determination of metallic aluminum is desired, see Procedure 
D 7, Aluminum Metallic (Acid Extraction) below 
Test for starch by placing a portion of the residue in a small beaker, add 10 
ml of water, and bring to a boil Cool and add a drop of iodine solution n 
blue color indicates starch 

Acid Extraction {Absence of Starch) —In the absence of starch, extract the dried 
residue from the water extraction determination with 100 to 150 ml of dilute 
(1 10) HCt at room temperature Add the acid in small increments allowin’ 
sufficient retention in the Gooch crucible for reaction to take place Usually 6 
increments are sufficient Wash the residue thoroughly with water to remoie all 
excess acid, and then dry m an o\cn at 100°C for 4 hr or oiermght at 85*C 
Cool in a desiccator and rcweigh Retain tins Gooch crucible for further treat 
ment Save the filtrate for the determination of antacid (calcium or zinc) Cnlcu 
late the loss m weight to percentage of acid soluble (antacid) 

Acid Extraction {Presence of Starch) —In the presence of starch transfer the 
dried residue from the water extraction determination quantitatively to a 400 ml 
beakei with the aid of 180 ml of water Add 25 ml ol 1 10 HC1 and digest just 
below the boiling point Cor 2&-S hr on a water bath This step may be accom 
plisbed by suspending the beaker with the aid of a suitable sized concentric ring 
from a steam bath in an 800 ml beaker filled with hot water and maintained at 
the correct temperature on a hot plate The water levels in both beakers should 
be maintained at their original levels during the entire heating period 

Filter through the original Gooch crucible and dry the extracted residue at 
100 4 C for 4 hr or overnight at 85“C , cool and weigh The total loss in weight 
represents the total starch and the antacid Retain the Gooch crucible and its 
contents for lurther treatment 

PROCEDURE D7 TREATMENT OT ACID EXTRACT 
Antacid. Galcium as CaC0 3 —Determine calcium in the acid washings remain 
ing from D 6 by precipitation as the oxalate and titration with standard KMn0 4 
solution 

Zinc as ZnO — If zinc is present, use a 50 ml aliquot of the acid extract com 
bined with a 50 ml aliquot of the water extract Evaporate to dryness on a steam 
ha/h., mit 'ban. hiaK *htt, h/cakzm «i/i. t. htiA. '{a, *aqt 0. V, 'intii. disarj. 
pearance of white fumes Take up this residue in 2 ml of HC1 followed by 100 
ml of distilled water, neutralize with NH 4 OH, and precipitate zinc as the sulfide 
with H_,S Filter out the precipitate, dissolve it in dilute HC1, and boil the solution 
to expel H 2 S Complete the determination of zinc by the EDTA titration as de 
scribed under Zinc Oxide Assay, p 1343 
Starch —Subtract the weight of Antacid, Procedure D 7, Antacid, from the loss in 
weight of the sample on acid extraction, Procedure D 6 and calculate the differ 
ence to percentage of starch 

Aluminum, Metallic {Acid Extraction) —Use the Gooch crucible containing the 
dried residue from the water extraction Procedure D 4 

Transfer the residue from the crucible to a 400 ml beaker, and add 100 ml of 
distilled water Then add concentrated HC1, using 5 ml of the acid for samples 
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containing up to 2% of aluminum and no antacid, and using 10 ml. of the acid 
for samples containing up to 3.5% aluminum and 0.5% CaC0 3 . For samples ex- 
ceeding either of these conditions, add more HC1 proportionately. Stir the solu- 
tion, breaking up all lumps, cover with a watch glass, and heat almost to the boil- 
ing point on a steam bath. Continue heating with occasional stirring until all of 
the aluminum is dissolved. Usually about 30 min. are required. 

After heating, remove the beaker and filter while hot through the same Gooch 
crucible. Wash the beaker and crucible with distilled water. 

Dry the crucible and residue in a 100°C. oven for 4 hr., cool, and weigh. For 
samples containing no antacid, calculate loss in weight to percentage of aluminum. 
For samples containing both aluminum and CaC0 3 , calculate loss in weight to 
percentage of total acid extract. Then determine the amount of calcium in the 
filtrate in terms of CaCO a by Procedure D-7, Antacid. 

Metallic aluminum, per cent = percentage of total acid extract — percentage of CaC0 3 . 

Alternatively, aluminum may be determined by the EDTA titration, as described 
by Welcher. 24 

PROCEDURE D-8. CARBON TETRACHLORIDE EXTRACTION 

(FOR SULFUR) 

In case the sample does not contain sulfur, omit this extraction and apply Pro- 
cedure D-9. 

Procedure— Place the Gooch crucible, containing the residue from the acid ex- 
traction, in a 50-mi. beaker, and add enough CC1 4 to fill the crucible and the beaker 
to within about Y$ in. of the top. Heat this assembly on a steam bath until the 
solvent in the beaker outside the Gooch crucible has been evaporated to a volume 
of about 5 ml. Remove from the steam bath and filter the remaining CC1 4 in the 
crucible into a filter flask. Add more CC1 4 to the crucible and repeat the evapo- 
ration procedure, filter, and wash the crucible with hot CC1 4 . Test for complete- 
ness of extraction by evaporating a portion of the fresh filtrate on a watch glass, 
and noting whether any residue is obtained. At the end of the extraction period, 
transfer the Gooch crucible and contents to an oven at 100°C. for 2 hr., cool, and 
reweigh. Calculate loss in weight to percentage of sulfur. 

The sum of the sulfur found here and by Procedure D-3, Sulfur represents the 
total sulfur content. 

Not r.— Some analysts piefer to deteimine total sulfur by extraction with a 1:1 mixture 
of diethyl ether and carbon bisulfide. They also favor this mixed solvent in the general 
scheme of analysis, and consequently follow a system that would be represented by a 
flow sheet di fieri ng significantly from that of I'ig. 32-11. 

Save the crucible and residue for the nitrocellulose determination. 

PROCEDURE D-9. ACETONE EXTRACTION (FOR NC) 

Procedure. —Translev the residue from the acid extraction (absence of sulfur), 
or the residue from the CC1 4 extraction (if sulfur was present), to a tall 400-ml. 
beaker. Add 50 ml. of acetone to the beaker, and heat to boiling on a steam bath. 
Continue to boil until all nitrocotton is in solution, as evidenced by the disap- 
pearance of all lumps and free dispersion of all insoluble material. Remove 

Welcher, F. J., The Analytical Uses of Ethylenediaminetetraacctic Acid, D. Van Nos- 
tiand Co., Inc., Princeton, 1958. 
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from the steam bath and add enough acetone to fill the beaker to within about 
in of the top Cover with a watch glass and let stand until all solids halt 
settled to the bottom (usually overnight settling time is required) Decant or 
siphon the clear supernatant liquor containing the soluble mtrocotton and dtv 
card Filter the remainder through the original Gooch crucible Wash the con 
tents of the crucible with acetone until ill the soluble material has been removed 
as evidenced by the absence of precipitate when the filtrate is mixed with water 
Dry m an oven for 2 hr at 100*0 cool and reweigh Calculate loss in weight 
by acetone extraction to percentage of mtrocotton Retain the Gooch crucible and 
its contents 


PROCEDURE DIO ASH I\ ABSORBE\TS 
After the acetone extraction heat the crucible over a flame in a hood until most 
of the organic material has been removed Then place it in a muffle furnace until 
combustion is complete cool and reweigh 

If an ash content above 1 on the original powder basis is obtained a micro- 
scopic examination should be made Materials usually found in this residue are 
kieselguhr fullers earth bentonite ierrosdicon and materials of a related charac 
ter also iron oxide and any metals insoluble in HC1 may be present When the 
dynamite contains coal the ash will be relatively high and is hhelv to be red 
because of the presence of Fe 2 0 3 

PROCEDURE D 11 EXA\Il\ATIO\ Ol ABSORDE\TS 
If the ash determination is not required the residue from the acetone extrac 
tion may be used for a qualitative examination for type of absorbents If the 
residue from die acetone extraction was ashed extract 5 to 10 g of the original 
sample for 2 hr with diethyl ether in a Wiley or Soxhlet apparatus Air-dry the 
residue until no odor of ether is perceptible 

Transfer the residue to a 4 in watch glass Pick it apart with a dissecting needle 
and examine it with a powerful hand lens or a low power microscope to identift 
the various materials 

A sei of samples of absorbents commonly used in dvnamite is indispensable for 
comparison with unknown samples Even vvidi a good set of known specimens the 
sure identification of unknowns is likely to prove difficult. The task is one in 
which previous training and extensive experience are of great value 

PROCEDURE. D LZ EXZESDED QF pyRUVU.l. 1L CMS 

In addition to the determination of the more common ingredients described 
under Procedure D3 it may be desirable to examine the explosive oils for a 
variety of less commonly used ingredients Brief outlines for a few ingredients or 
combinations of ingredients are as follows 

Identification of Sucrose Octamtrate (50A) —Dissolve a small portion of the ex 
plosive oil m methanol and add a little ammonium sulfide (or zinc dust + dilute 
HCI) After the reaction is complete and solids hav e settled decant the supernatant 
liquid and test with Fehlings reagent A bright red precipitate of cuprous oxide 
indicates reducing sugar 

The optical rotation of mtrosugar may also be used for identification The 
amount present may be determined quantitatively using the polanmeter 
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measurements the final results are calculated by the method of successive approxi 
mations For example tlie first approximation for NG will be as follows 


NG 


(At - A e ~ A.) 100 
per cent 


where At — total absorbance at 9 2 /i of cell filled with benzene solution of the sample 
Ac = absorbance of cell at 9 2 m» 

A t ~ absorbance of benzene at 9 2 fi (i e , absorptivity of benzene at 9 2 n mulu 
plied bv its weight fraction For a 20% solution of sample benzene » 80% 
and its weight fraction is 0 80), and 

a = average absorptivity of NG at 9 2 n as determined in the preliminary 
(standardization) measurements 

Then if the value obtained was for a 20% solution of sample the value for tie 
original sample will be o times the value found 
A second approximation is then made for NG taking into account a correctne 
value for the absorbance of EGDN at 9 2 ? winch is obtained by using the first 
approximation of the NG content to calculate the ratio of NG and EGDN m die 
solution and then applying the absorptivity \alue for EGDN as determined in tie 
preliminary (standardization) measurements 
Successne approximations are then carried out for both NG and EGDN until 
the \alues become practically constant 26 


A\ALYSIS OF WRAPPER 

Procedure —\\ eigh 1 whole wrapper and fold it so that it may be inserted in a 
Soxhlet extractor below the lei el of the siphon tube and extract with diethyl 
ether Determine paraffin nitroglycerin paper ash and moisture 

If nitroglycerin has leaked from the powder and is present m the wrapper it 
will be seen under the extracted paraffin after evaporation of the ether After 
weighing the total ether extractive matter determine nitroglycerin by the lerrouv 
titanous titration (p 1391) Total extractive matter minus nitroglycerin is con 
sideTed 10 be paraffin 

Remove the extracted paper from the Soxhlet apparatus place it on a watch 
glass and let it stand in a warm atmosphere until all odor of ether is gone Place 
the paper m an aluminum can and dry in an oven at 100° ± o°C for 1 hr cool i) 
a desiccator place a cover on the can and weigh This weight (minus the tare of 
can and cover) is considered to represent dry paper and ash Incinerate the dry 
paper in a tared platinum dish until all carbonaceous matter is volatilized cool 
in a desiccator and reweigh The residue represents asli Calculate moisture as 
the difference 100% minus dry paper ash paraffin and NG (all on per cent wet 
basis) If desired a separate moisture determination may be made by heating a 
weighed rolled strip of the original paper in an oven for 3 hr at 9o C 

When the amount of nitroglycerin is appreciable and if the purpose of tic 
analysis is to determine the composition of the dynamite as originally manufac 
tuted the composition of the wrapper should be calculated to a nitroglycerin free 
basis and the analysis of the dynamite recalculated to include the nitroglycerin 
found in the wrapper 

2 « A more detailed presentation of the iterative procedure (method of successive approxi 
mations) as applied Lo analvsis bv infraied is „iven bv 1 nsteru f in \pphed Spcctroscopv 
7,115 1933 
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BLASTING CAPS AND ELECTRIC DETONATORS 

The commercial blasting caps and electric detonators loaded with a mixture of 
mercury fulminate and potassium chlorate, which were in general use in the 
United States some years ago, have now been largely displaced by compound 
detonators, in which a priming charge of mercury fulminate, lead azide, lead 
styphnate, lead mononitrate resorcinate, diazodinitrophenol, hexanitromannite, or 
other primary explosive is employed to initiate a main charge of tetryl, TNT, 
PETN, picric acid, or other nitrocompound. 

PREPARATION OF SAMPLE 

In the examination of blasting caps or detonators for either commercial or 
military use, the removal of the detonating composition from the copper, alumi- 
num, or brass shell requires considerable precaution. Blasting caps are emptied 
by squeezing the cap gently in a pair of “gas forceps,” the jaws of the forceps be- 
ing passed through a small opening in a piece of heavy leather, rubber belting, or 
similar material, about 6 in. square, which serves as a shield to protect the hand in 
case of explosion of the cap in squeezing. After each squeeze, the loosened portion 
of the charge is shaken out on a piece of glazed paper, the cap is turned slightly in 
the forceps, and again squeezed. The pressure on the cap should be just sufficient 
to dent it slightly and, in shaking out the charge, the cap should not be tapped on 
the table or other surface. Another method of removing the charge is by rolling 
the cap between 2 pieces of hardwood board, and emptying the loosened portion 
of the charge after each rolling. 

Electric detonators 27 are opened by first cutting off the wires or “legs” close to 
the shell, then tearing off the upper portion of the shell by means of pointed side- 
cutting pliers, the cap being held firmly in the fingers, and a thin strip of the 
copper shell being torn off spirally by nipping the top edge of the shell with 
the forceps. This must be done with great care, especially when the portion of 
the shell containing the fulminate charge is approached. When the greater por- 
tion of the plug that holds the wires in place has been exposed, the plug and wires 
are gently pulled out, care being taken to avoid undue force and possible friction. 
Any adhering particles of the charge are brushed off onto glazed paper. The 
charge is then removed from the lower part of the shell just as in the case of 
blasting caps. 

The charge is removed separately from several of the caps or detonators, and 
each is weighed in order to determine the average weight of charge as well as 
variation of the charge weights. 

Reinforced caps, or those which contain a small, perforated, inner copper capsule 
pressed on top of the charge, must be opened in the manner described for electric 
detonators, in order to remove the inner capsule. Detonators of this type usually 
contain a main charge of some nitrocompound superimposed by a layer of mercury 
fulminate, a mixture of fulminate and chlorate, or lead azide. Although a clean 
mechanical separation of the 2 layers is usually not possible, portions can be taken 
from each and identified by qualitative tests, before proceeding with a quantita- 
tive examination. 

27 A safe apparatus for cutting open electric detonators is shown in Taylor, C. A. and 
Rinkenbach, \V. R„ Bureau of Mines Technical Paper, No. 282, Analysis of Detonating 
and Priming Mixtures, Plate I, 1922. 6 
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precipitate that may be filtered off, washed with water and then with alcohol, 
dried in the air, and tested by striking a small portion with a hammer. 

PRIMERS 

VARIATIONS IN COMPOSITION 
Many varieties of composition are used in primers for small arms ammunition, 
and for other military purposes. The composition must be ignited by the impact 
of the firing pin, and must give a flame of sufficient intensity and duration to en- 
sure proper ignition of the propellant or of the detonator, depending on the pur- 
pose for which the primer is employed. As primers are used with various kinds 
and granulation of explosives, a priming composition suitable for one purpose is 
unsuited for another. 

Table 32-6 gives a few examples of the great variety of patented types of the 


Table 32-6. Modern Noncorrosive Types of Primer Compositions 


Ingredients 

Compositions, per cent 

Mercury fulminate 

_ 

30-35 

25-40 



30-31.5 

37 

35-40 

Lead styphnate 

38 

— 

5-10 

— 

10-5.5 

— 

— 

Barium nitrate 

39 

— 

24-44 

— 

29-30.5 

32 

0-16 

Lead nitrate 

— 

— 

— 

30 

— 

— 

30-12 

Lead peroxide 

5 

— 

— 

— 

— 

— 

— 

Barium peroxide 

— 

25-45 

— 

— 

— 

— 

— 

Calcium silicide 

11 

10-25 

— 

— 

— 

— 

— 

Antimony sulfide 

5 

— 

0-16 

— 

— 

28 

— 

Lead thiocyanate 

— 

— 

— 

7 

10-10.5 

— 

12-10 

Diazodinitrophenol 

— 

— 

— 

6-8 

— 

— 

— 

Tetracene 

2 

— 

— 

— 

— 

— 

— 

Basic lead picrate 

— 

— 

— 

38-36 

— 

— 

— 

Lead dinitrosalicylate 

— 

— • 

4-10 

18 

— 

— 

— 

Abrasive 


0-25 

0-30 


20-21 

3 

22-21 


more modern noncorrosive primer compositions in which potassium chlorate has 
been eliminated because the chloride formed as one of the products of combus- 


tion was found to be responsible for the 
containing potassium chlorate that are 
shown in Table 32-6 are: 

(1) A primer mixture for detonators; 

Potassium chlorate 
Antimony sulfide 
Lead azide 
Carborundum 


corrosion of gun barrels. Two mixtures 
still very commonly used, but are not 


33.4% by weight 
33.3% by weight 
28.3% by weight 
5.0% by weight 


and 
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(2) An ignition mixture for electric primers 

Potassium chlorate 60% by \\ eight 

Djazodimtrophenol 20% by weight 

Nitrostarch 5% by weight 

Charcoal 15% by weight 

In addition to the ingredients shown in Table 32 6, most priming compositions 
are mixed with small amounts of some binding material dissolved in water ot 
alcohol, such as gum arable, gum tragacanth, glue, shellac, etc These traces of 
binding materials are usually disregarded in the analysis of the compositions 

PREPARATION OF SAMPLE 

If the caps contain anvils these as well as any covering of tin foil or paper 
must first be carefully removed The primer composition is then carefully removed 
from a number of primers and weighed to determine the average charge It is 
then crushed a little at a time, and the sample is well mixed If necessary, the 
primer may be removed from the caps by the aid of water or alcohol and the 
transfer liquid removed by evaporation before weighing 

QUALITATIVE EXAMINATION 

The following special tests may be used in connection with a qualitative analysis 
of the mixture 

A small imouut is burned between 2 watch glasses the formation of a mirror 
indicating mercury antimony copper or lead The mercury mirror is readily 
volatile on gentle ignition 

A portion of the mixture is successively extracted with diethyl ether, water 
Na 2 S 2 0 3 solution and aqua regia, each of the solutions being retained for exami 
nation 

TNT or tctryl may be present in the ether solution and are identified by a 
melting point test Sulfur is detected by burning a portion of the ether soluble 
material and observing for the odor of SO_, 

The water extract is tested for KC10 3 by adding H_.S0 4 boiling and observing 
for the odor of chlorine A portion is treated with HCI and FeCIj a red color 
indicating thiocyanate The FeS0 4 ring test is made for nitrates A white precipi 
tate with H 2 S0 4 indicates barium or lead 

The aqua regia solution is diluted and tested with H 2 S for antimony, lead and 
copper If the precipitate is not orange red, lead or copper is indicated The 
precipitate is dissolved in HNO, and neutralized with NH 4 OH, a blue solution 
indicates copper Lead is detected by the formation of a white precipitate Willi 
H_.SC>, 

Any material insoluble m aqua regia may be powdered glass or other abrasive 
material 


QUANTITATIVE ANALYSIS 

The method of analysis will depend entirely upon the ingredients indicated 
by qualitative tests In general, a separation is effected by successive extractions 
with solvents such as diethyl ether, water NajS^O, solution (to remove fulminate) 
dilute or concentrated HCI and aqua regia The loss in weight of a sample b) 
extraction with a specified solvent is liequently used is the qumtitatm measuu 
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of an ingredient. In some cases the materials in the water and add solutions are 
determined by conventional gravimetric, titrimetric, or instrumental methods. 
Some of the specific directions given under "Dynamites” may be adaptable to the 
quantitative analyses of primer compositions. Two typical examples are as follows: 

EXAMPLE 1: DETONATOR PRIMER COMPOSITION CONTAINING 

POTASSIUM CHLORATE, ANTIMONY SULFIDE, LEAD AZIDE, AND 

CARBORUNDUM 

Moisture— Dry a 0.4- to 0.7-g. sample to constant weight at 55° to 65°C. in a 
desiccator containing CaCl 2 . 

Potassium Chlorate.— Weigh a 1.0-g. sample into a tared, ignited, filtering cru- 
cible containing an asbestos mat. Add 3 ml. of a saturated aqueous solution of 
lead azide at 25° ± 2°C. Agitate for about 1 min. with a glass rod, breaking up 
lumps if necessary. Apply suction. Repeat this treatment with aqueous lead azide 
solution 5 times (total of six 3-ml. extractions). Rinse the crucible with ethanol, 
then with diethyl ether. Dry by suction, and then at about 95°C. for 15 to 20 min. 
Cool in a desiccator, and reweigh. Consider the loss in weight to represent KC10 3 . 

Lead Azide.— Extract the residue from the potassium chlorate determination with 
successive 5-ml. portions of saturated ammonium acetate solution at about 25°C. 
until the washings test free from lead, on addition of a few drops of potassium 
dichromate solution. Avoid excessive washing with the acetate solution; not more 
than 60 ml. should he required. Rinse the crucible with distilled water, ethanol, 
and diethyl ether in succession. Dry by suction, then at about 100°C„ cool in a 
desiccator, and reweigh. Consider the loss in weight to represent Pb(N 3 ) 2 . 

Antimony Sulfide.— Extract the residue from the lead azide determination with 
cool, concentrated HC1 until most of the antimony sulfide has dissolved. Then 
rinse the crucible thoroughly with hot concentrated HC1. Ignite the crucible to 
remove sulfur liberated by the acid treatment, then cool in a desiccator, and re- 
weigh. Consider die loss in weight to represent Sb„S 3 . 

Carborundum.— Consider the residue in the crucible after the antimony sulfide 
determination to be carborundum. 

EXAMPLE 2: PRIMER COMPOSITION CONTAINING BARIUM 
NITRATE, NORMAL OR BASIC LEAD STYPHNATE, TETRACENE, 
ANTIMONY SULFIDE, AND LEAD AZIDE 

Moisture.— Same as for Example 1. 

Barium Nitrate.— Extract the Ba(N0 3 ) 2 from a 0.5-g. sample in a tared, medium- 
porosity, fritted-glass crucible by repetitive additions of distilled water saturated 
with lead azide and application of suction. Rinse with ethanol, aspirate, dry at 
55° to 65°C. for 30 min., cool, and reweigh. Consider the loss in weight to repre- 
sent Ba(N0 3 ) 2 and moisture. 

Normal or Basic Lead Styphnate — Extract die residue from the Ba(N0 3 )„ de- 
termination with successive portions of saturated ammonium acetate solution 
(25°C.) until the washings are colorless. Then wash the residue with water satu- 
rated with antimony sulfide until the washings come through clear. Reserve the 
crucible for the tetracene determination. Make up the filtrate and washings to a 
volume of 250 ml. in a volumetric flask by adding sufficient distilled water. Pipet 
a 2-ml. aliquot to a 100-ml. or 50-ml. volumetric flask (100 for normal or 50 for 
basic lead styphnate), and dilute to the mark with distilled water. Measure the 
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transmittance of this solution at 410 m/t in a I cm Corex cell, using a matched cel 
containing the same concentration of ammonium acetate m the reference beam 
Calculate basic or normal lead styphnate from a standard curve determined oi 
known concentrations of the appropriate styphnate 

Tetracene .— Wash the residue from the styphnate determination several time 
with ethanol, aspirate, dry at 55* to 65 c C for 30 min , cool, and reweigh Using; 
jet of water, transfer the dried residue to a 125 ml beaker, add 25 ml of watei 
and boil the liquid for 5 min Filter through the crucible previously used, was! 
the residue in the crucible with boiling water, and then with ethanol Aspiratt 
dr) at 55" to 65°C for 30 min , cool, and reweigh Consider the loss m weight b 
hot water extraction to represent tetracene 
Antimony Sulfide .— Consider the residue in the crucible after the determinate 
of tetracene to represent antimony sulfide 

Lead Aztde .— Calculate lead azide as the difference from 100% of the sum of ih t 
percentages of barium nitrate, lead styphnate, tetracene, and antimony sulfide 
(dry basis) 
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LIQUID PROPELLANTS 

There are relatively few cases in which liquid propellant ingredients are mixed 
in major quantities, except at the moment of ignition. Some monopropellant 
mixtures of 2 or 3 major components have been considered, but very few of these 
are currently in use, except in small scale experimentation. Examples of these 
are hydrogen peroxide-methanol, ammonia-ammonium nitrate, nitro with nitrate 
compounds, and methyl nitrate-methanol. Many mixtures are used, however, 
where a minor quantity of some ingredient is added to a fuel, oxidizer, or mono- 
propellant in order to improve ignitability, lower the freezing point, or reduce 
corrosive action on containers. 

Procedures for chemical analyses of a few liquid propellant materials are pre- 
sented under the section on ingredients. 

SOLID PROPELLANTS 

Conventionally, solid propellants are divided into 2 fairly distinct groups: nitro- 
cellulose-base, and composite. The term “nitrocellulose-base” is applied to homo- 
geneous mixtures of nitrocellulose with various plasticizers, stabilizers, and ballistic 
modifiers. If the propellants contain no nitroglycerin, they are called “single 
base”; when they contain nitroglycerin, they are called “double base”; if they 
contain nitrocellulose, nitroglycerin, and nitroguanidine they are sometimes called 
“triple base.” Composite propellants are nonhomogeneous mixtures of oxidizers 
and fuels and, until recently never contained nitrocellulose. Formulations have 
become overlapping with respect to the terms nitrocellulose-base and composite, 
and both types have become increasingly complex. For example, powdered metals, 
metal hydrides, and organometallic materials are now being used in both basic 
types. 


NITROCELLULOSE-BASE SOLID PROPELLANTS 

PREPARATION OF SAMPLES 

Caution— Do not apply the grinding procedure given here to propellants con- 
taining chlorates, perchlorates, or other materials that could cause grinding to be 
a hazardous operation. Most nitrocellulose-base solid propellants currently pro- 
duced can be safely ground, but it should be kept in mind that some change in 
formulation may create a new sample-preparation hazard. 

Sheet Propellant.— Cut sheet propellant into pieces approximately % in. square, 
using beryllium alloy shears. Sheet propellant may be ground in a Wiley mill only 
if it is sufficiently brittle. Chilling in an ice bath or with dry ice is sometimes 
done to render soft samples brittle enough for grinding. 

Small Grains.- To grind small-grain propellant (each grain weighing 0.2 °\ or 
less) use a Standard Model No. 2 G Wiley mill equipped with an explosion-proof 

1371 
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motor and a 20 mesh screen in place between the grinding chamber and the small 
receiving vessel Make sure the mill is grounded (protection against the static 
charge that is produced by the operation of the machine) Use a shield around 
the equipment and grind onlj a few grains it a time Remove each ground 
increment to a safe location and check the temperature of the mill Allow time 
for the rotor and blades to cool between increments if heating is discernible 
Large Gram Propellant Cut large grain propellant (pieces larger than 02 g) 
into uniform slices about 0 15 to 0 20 mm thick using a powder cutter (a mod fied 
paper cutter preferably with a beryllium alloy blade) as illustrated m Fin- 31 ]» 



Then cut the slices into squares about m on the side Alternatively large gran v 
may be sampled b) microtoming slices about 0 02 to 003 in thick provided die 
material is neither too soft nor too hard 

Note— S amples prepared b\ am of the above techniques should be handled '> a* * 
expose on!) small amounts to the atmosphere (or to ignition hazard) at an) time The 
small increments of a comminuted sample should be placed in a suitable glass bottk 
immediate!) as they are prepared and the bottle should be kept stoppered except a* 
necessary to introduce propellant and at a safe distance from the comminuting operation 

SOLI FA T LXTR ACTIO \ 

To achieve partial separation into components nitrocellulose base propclln' 1 * 
are commonly extracted with water acetic acid (fo-70%) diethyl ether methyluu 
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chloride, chloroform, carbon tetrachloride, methanol, ethanol, or a pentane-meth- 
ylene chloride azeotrope (2:1 by volume), choice of solvents depending on the 
formulation and the ingredient(s) to be determined. Other solvents less commonly 
used are cyclohexane, petroleum ether, morpholine, toluene, benzene, and dioxane. 
At present, methylene chloride is favored for most extractions with low boiling 
solvent. Soxhlet or Wiley extraction equipment is most commonly used, but for 
some purposes tared Selas or Gooch crucibles are used in conjunction with suc- 
tion devices after refluxing of the sample and solvent in an Erlenmeyer flask. 

For safety reasons, water baths or steam baths are used in preference to electric 
heaters for extractions with low boiling solvents. For higher boiling solvents, 
electric hot plates or heating mantles are used, but great care is taken to avoid 
loss of solvent, an event which may lead to violent explosion. Paper thimbles, 
Alundum thimbles, and filter tubes with sintered glass bottoms are used in the 
Soxhlet or Wiley extractors. 

For safety reasons, as well as technical ones, it is desirable that all the components 
of a propellant sample be either highly insoluble or highly soluble in the solvent 
used. For example, a dangerous situation is created if a Soxhlet extraction is 
made on a sample containing nitroglycerin, using a solvent in which nitroglycerin 
is only slightly soluble. As time goes on during extraction, the propellant is con- 
tinuously washed with fresh solvent, which carries some nitroglycerin to the ex- 
ti action flask where the solvent is being heated. The concentration of nitroglycerin 
in the flask eventually teaches a point where two phases exist, one of these being 
undiluted nitroglycerin, which is in contact with heated surfaces. 

In making separations by extractive solvents, the time necessary for completion 
of the extraction is established for each new type of propellant. The test for com- 
pletion time is frequently made gravimetrically by evaporation in a tared vessel of 
a portion of freshly produced extract. Sensitive color tests on the fresh extract 
are useful for certain ingredients, such as nitioglycerin (blue color with 1% 
diphenylamine in H 2 S0 4 ). The composition of the propellant, its particle size 
oi thickness of pieces, the siphoning cycle, etc., determine the time required for 
the complete removal of the ingredients sought. For a given size of sample, ex- 
traction is expedited by using the smallest Soxhlet that will hold the material. In 
contrast with a larger Soxhlet, the smaller one gives a more rapid siphoning cycle 
and a higher temperature of solvent in contact with the sample. 

Nitroguanidine is slightly soluble in methylene chloiide (even when water-free) 
but quite insoluble in carbon tetrachloride or in the pentane-methylene chloride 
azeotrope mentioned above. 28 Hence CC1 4 or the azeotrope is advantageous in 
separating nitroguanidine from ingredients soluble in these solvents. 

Solvent Extractive Matter .— The amount of solvent extractive matter is usually 
determined by extracting a weighed sample in a paper thimble in a Soxhlet ap- 
paratus, using a prescribed volatile solvent (e.g., methylene chloride) and a tared 
extraction flask. After an adequate period of operation, the flask is removed from 
the exti action tube, the volatile solvent is removed by a gentle air stream and 
very moderate heat, and the flask is reweighed after conditioning in a vacuum 
desiccator. 


2S Watts, J. D„ and Stalcup, Hariy, Anal. Chem., 29, 253, 1957. 
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\IOISTURE BY DESICCATION 

The desiccation method for moisture is applied to solventless double base pro- 
pellant and to some other specific formulations 
Procedure Condition and weigh a stoppered weighing dish (60mm diameter 
30mm depth) Weigh accurately approximately 10 g of propellant into thedsh 
and place it in the desiccator charged with indicating Dnerite indicating silica ge[ 
or anlmlrous calcium chloride Weigh the stoppered dish at 24 hr inters als tint 1 
the loss in a eight between a eighmgs does not exceed 1 mg From the loss m 
weight calculate the percentage of moisture in the propellant Constant t eight $ 
normally attained in 48 to 72 hr 

MOISTURE BY CARBO\ TETRACHLORIDE DISTILLATION 
The carbon tetrachloride procedure for determining wateT content is applcd 
chiefly to small gra n or finely divided cannon and rocket propellants Follow tie 
procedure given in General Methods p 1289 and continue the distillation for the 
time indicated in Table 32 7 


Table 32 7 Distillation Times for Determining Water in 
Propellant Samples by CC1 4 Distillation 


Propellant 

Web Sire in inches 1 

Grain Condition j 

Distillation Time 
in Hours 

Less than 0 025 

Whole 

3 

0 025 to 0 040 

Whole 

5 

0 040 to 0 060 

Whole 

10 

0 060 to 0 090 

Whole 

16 


Sliced 

6 

Over 0 090 

Whole 

24 


Sliced 

8 


If desired the condenser and receiving tube may be made water repellent I) 
treatment with a silicone preparation In this case the readings are taken at tie 
point of contact of the top meniscus with the wall of the tube and at the center 
of the lower meniscus 

WO/STC IH A\D l OLATILES BY OILN D«1I\G AT IOO°C (See p 1 9 9I) 

MOISTURT AND I OLATILES BY VACUUM OVEN DRYISG AT 55’C 
(See p 1294 ) 

I OLATILES TOTAL BY SOLUTION LI ACUATION PROCEDURE 
Certain specifications for cannon and small arms propellants require the determi 
nation of total volatiles by the solution evacuation procedure The descript oi 
of the method is luigthy the procedure requires special apparatus and equipment 
the operations are tedious and the results are based on a loss in weight found a» 
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a difference between two relatively large weights. The procedure is not reproduced 
herein but is described in various specifications 8 ’ 29 and the open literature. 30 At 
present, several procedures using less complicated equipment are being investigated 
with the hope that one of these may serve as a replacement for the solution-evacu- 
ation method. 


RESIDUAL SOLVENT 

Residual solvent in certain propellants is calculated by subtracting the percent- 
age of moisture (by desiccation or carbon tetrachloride distillation) from the per- 
centage of total volatiles (by the solution-evacuation procedure). 

BARIUM NITRATE OR OTHER BARIUM SALTS 

Procedure .— A 5-g. sample of propellant is placed in a 90-mm. porcelain evapo- 
rating dish, 15 ml. of 70% HNO a are added, and the dish is heated on a steam 
bath in a hood until reaction starts. The dish is then removed from the steam 
bath and allowed to stand until the evolution of fumes has ceased. The dish 
is reheated on the steam bath until dry. ft is then placed on a Nichrome triangle 
and cautiously heated with a flame until all carbonaceous matter is burned off, 
avoiding overheating, which could cause fusion of the salts with the dish. After 
cooling, 5 ml. of distilled water and 5 ml. of 38% HC1 are added, then the dish is 
covered and heated on the steam bath for 5 to 10 min. The contents of the dish are 
diluted with distilled water, and filtered through a fine filter paper into a 150-ml. 
beaker. The dish and filter are thoroughly washed with distilled water. Barium 
is then precipitated as barium sulfate by the addition of 10 ml. of 5% H 2 S0 4 to 
the boiling solution, and the determination is completed by the conventional gravi- 
metric procedure. Potassium salts, if present in die propellant, may be determined 
on the filtrate from the barium sulfate determination, using die tetraphenylboron 
procedure or, in simple cases, by gravimetric determination as K 2 S0 4 . 

CALCIUM SALTS 

Calcium in propellants is determined by the morpholine method, EDTA titra- 
tion, or flame photometer procedure. 

The Morpholine Method — The morpholine method is applied chiefly to pro- 
pellants containing calcium as the carbonate. 

Caution.— Morpholine fumes are highly flammable and easily ignited by con- 
tact with the surface of a hot plate. The heating step in the procedure must be 
done, very carefully. 

Procedure.— A 5-g. sample is heated in a 250-ml. beaker with 50 ml. of morpholine, 
using an electric hot plate in a hood. The hot solution is poured through a 
tared Gooch crucible. The beaker and crucible are washed with an additional 25 
ml. of hot morpholine, and then with sufficient cold water to remove the mor- 
pholine. The beaker and crucible are washed widi several 25-ml. portions of warm 
distilled water, and then with a small amount of acetone. When most of the 
acetone has been removed by suction, the crucible is dried in a non-sparking oven 
at 100°C., cooled in a desiccator, and weighed. The crucible is then washed with 
not less than 50 ml. of 3 N HC1, followed by distilled water and acetone. It is 

29 Military specifications, JAN-P-231, JAN-P-309, JAN-P-323, JAN-P-528, TAN-P-668. 

30 Shaefer, IV. E., Hall, Robert T., French, John C„ and Becker, Walter W., Anal Chem 

19, 378, 1947. ’ 
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then dried cooled and reweighed The loss in weight by the acid treatment » 
taken as calcium carbonate and calculated to percentage basis 

The EDTA (Ethy lenedtaminetetraacetic Acid) Method Procedure —The cal 
cium is extracted from the propellant by refluxing with 70% acetic acid to whid 
about 5% of concentrated HC1 has been added After neutralization with 1 \ 
N iOH and addition of 2 ml excess per 100 ml of solution an aliquot containing 
not more than 0 0a g Ca is titrated with 0 1 U solution of disod mm EDTA usm® 
as indicator 5 to 6 drops of a saturated aqueous solution of Murexide One ml of 
0 1 \f EDTA = 4 008 mg Ca (See also footnote 24 given on p 1361 ) 

The Flame Photometer Procedure ( Ca A a, A)— The flame photometer proce 
dures given below for calcium sodium and potassium evolved from an extensive 
study made by the Joint Army Navy Air Force Panel on Analytical Chemistry of 
Solid Propellants They are designed for use with the Beckman DU spectropho- 
tometer equipped with flame attachment and photomultiplier and using acetylene 
as fuel 

General Instrumental Settings for Ca, Na K 


Oxygen pressure from tank 40 p si 

Oxygen pressure second stage 10 p s i 

Acetylene pressure from tank 10 psi 

Acetylene pressure second stage 3 5 p s i 

Selection switch at 0 1 


Photomultiplier zero adjustment — off 
Red sensitive phototube 

For Potassium (K) Use 7b8 m/i wavelength and a slit width of about 0 08 mm 
Set sensitivity 5 turns either way from Full as necessarv Adjust dark current to 
zero Aspirate KNOj solution of nominal percentage (eg 0 5%) Set transmit 
tance at 50% and zero the galvanometer with the slit control Record md use 
this slit setting for all k determinations 

Standards —Dissolve 8 00 g of potassium nitrate in distilled water and bring to 
the mark in a 2000 ml volumetric flask Mix well and transfer to a polyethylene 
bottle for storage Dilute a 50ml ihquot of this solution to 1 liter (corresponding 
to 0 50% KIS0 3 111 a 10 g sample) Use dilutions of this standard to establish the 
standard curve which may not be linear in the higher concentrations Use the 
50 ml to 1 liter dilution to make the 50% transmittance setting prior to the run 
ning of samples 

Sample— Heat a 10 g sample of propellant on a steam bath with 50 ml of dis 
tilled water for 20 min Filter and wash the propellant residue on filter paper 
Collect the filtrate and washings in a 2a0ml volumetric flask and make up to the 
mark with distilled water 

Procedure— Zero the instrument galvanometer with the dark current knob and 
rinse a sample cup 3 times with the diluted standard Then zero the galvanometer 
with the sensitivity knob with per cent of transmittance at 50 0 the shutter open 
and the diluted standard being atomized Rock the wav elength dial to obtain the 
transmittance peak near 768 mu and again zero the galvanometer at this peak with 
the sensitivity knob Use the sample solution to rinse a sample cup 3 times and 
then introduce the sample into the atomizer Using the per cent transmittance set 
ting required to restore the gilvanometer to zero read the percentage of kN0 3 by 
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reference to the standard graph. Run the 50.0% transmittance standard between 
samples. 

For Sodium (Na) and Calcium (Ca).— For sodium the wavelength is 589 m/t, slit 
is about 0.03 mm., and sensitivity is at number 2; for calcium the wavelength is 
622 m ft slit is about 0.05 mm., and sensitivity is at number 3. 

Standards.— Prepare the concentrated standard for sodium and calcium by dilut- 
ing 5.899 g. of potassium chloride (KC1), 0.658 g. of sodium chloride (NaGl), 8.000 g. 
of calcium carbonate (CaC0 3 ), and 160 ml. of concentrated HC1 to 2 1. in a vol- 
umetric flask. Dilute a 50-ml. aliquot of this solution to 1 liter (corresponding to 
0.05% sodium sulfate and 0.50% calcium carbonate in a 10-g. sample). Prepare 
standard graphs using suitable dilutions of the concentrate. 

Sample— Digest a 10-g. sample of propellant in 20 ml. of concentrated HN0 3 in 
a 250-ml. Vycor beaker covered with a watch glass. Evaporate the residue, wipe the 
cover glass with ashless filter paper, add the paper and scavenged material to the 
residue, and heat the beaker and contents in a muffle furnace until all carbonaceous 
matter is oxidized. Add 3 ml. of concentrated HC1 and 10 ml. of distilled water 
to the cooled beaker. Quantitatively transfer the solution to a 250-ml. volumetric 
flask through a filter paper, make the solution up to the mark, and mix. 

Make exact wavelength and 50.0% transmittance settings and determinations in 
the same manner as given above for potassium. 

CARBON BLACK BY PHOTOMETRIC OR SPECTROPHOTOMETRIC 

METHOD 

This method for carbon black is valid in the presence of 2-nitrodiphenylamine. 

Reagent .— Acetic acid-acetone solution; 5% glacial acetic acid in reagent acetone. 

Standard Graph .— The standard carbon black material (complying with the re- 
quirements of the specifications for carbon black used in manufacturing the pro- 
pellant) is dried in an oven at 105°C. for 2 hr. and then cooled in a desiccator for 
30 min. A 0.1 -g. portion is transferred to a disintegrator (such as the Waring 
Blendor), and 100 ml. of acetic acid-acetone solution are added. After thorough 
dispersion in the disintegrator, the solution is transferred to a 1-liter volumetric 
flask and made up to volume with acetic acid-acetone solution. A Gooch or Selas 
crucible is prepared with an asbestos mat ! 4-in. thick. The filter is washed with 
10 to 15 ml. of 35% HN0 3 (1:1) then with warm water, dried at 100 c C. for 1 hr., 
ignited, cooled in a desiccator, and weighed. Using very gentle suction, a 250-ml. 
aliquot of the carbon black dispersion is filtered through the crucible. Care is 
taken not to allow the crucible to run dry until all the solution is filtered. The 
crucible is dried by suction and then at 105°C. for 30 min., cooled in a desiccator, 
and weighed. This operation gives the gravimetric determination of carbon black 
in the dispersion. With this dispersion, a standard graph is made by placing 
pipetted aliquots in several (at least 4) 100-ml. volumetric flasks, and adding a 
total of 3 g. of all the propellant components (except the carbon black) in the pro- 
portion required by the formulation. Each flask is filled to about 95 ml. with 
acetic acid-acetone and shaken on a wrist-action shaker to thorough dissolution of 
the ingredients. Each flask is made up to the 100-ml. mark and the contents are 
mixed. The zero of a photometer is adjusted with acetic acid-acetone as a blank 
in a 1-cm. cell, and with a 540 mp filter . With the same cell or a matching one, 
the transmittance of each of the synthetic standards is determined and the standard 
curve is plotted on linear graph paper. Alternatively, a Beckman DU spectropho- 
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tometer may be used with acetic acid acetone in the reference cell and a specific 
wavelength setting at 540 m#t or abo\e (up to 700 mji) 

Procedure for the Sample —Three g of a finely divided (Wiley milled through 
20 mesh) sample in a 100 ml volumetric flask art dampened with 5 ml of ethanol 
and 90 ml of the acetic acid acetone solution are added After dissolution and 
making up to volume as for the standards the transmittance of the sample is meas 
ured in a 1 cm cell widi acetic acid acetone as reference From the dial readmes 
and the standard curves the percentage of carbon black in the propellant is calcu 
lated For propellants containing more than 0 1 % carbon black a further dilution 
of the 8 g sample in 100 ml of solution is necessary 

CARBON BLACK, GRAVIMETRIC (NO GRAPHITE PRESEh T) 
Procedure— Prepare a Gooch or Selas crucible with a )4 in asbestos mat Wash 
the mat with 10 to 15 ml of 55% HNO s (1 1) solution rinse thoroughly with dis 
tilled water dry in in oven md ignite at 600° to 650°C 
Treat a 5-g sample of propellant with 75 ml of 55% HNO a m a 400 ml beaket 
covered with a watch glass Heat gently at first on a steam bath removing the 
beaker if reaction is too rapid Digest on the steam bath for about 1 hT Then 
chill the beaker in an ice bath Add 75 ml distilled water let stand until most of 
the carbon black has settled and filter with very gentle suction tlnough the cru 
able Do not allow the solution level to drop below the surface of the mat until 
filtration is completed Rinse the beaker with distilled water and transfer all the 
carbon black to the crucible Finally wash with hot distilled water and discard 
alt the filtrate 

Caution —Nitric acid and acetone must not be allowed to come together as a 
violent reaction could ensue 

Wash the crucible thoroughly with acetone (absence of color in filtrate) dry the 
crucible by aspiration and then in the oven for 30 min at 275° ± 25°C Cool the 
crucible in a desiccator and weigh it Then ignite it at 600° to 650°C until all 
carbonaceous matter is removed Cool in a desiccator and reweigh Calculate 
loss on ignition to percentage of carbon black 

CARBON BLACK AKD GRAPHITE GRAVIMETRIC 
When the propellant contains both carbon black and graphite the procedure 
given above for carbon black alone is modified as follows 

Procedure —Digest a 5 to 10 g simple in the manner previously described filter 
fi ‘hiruu^n mi ncrfi-wys'nvii trutWie inrfi wirs'ii ‘hioruugifiy wrfn ’ntfi 'water S/ontfU 
the filtrate (Caution —Avoid mixing nitric acid and acetone ) Then wash thor 
oughly with acetone (absence of color in filtrate) dry by aspiration and then at 
120° to 130°C cool in a desiccator and weigh Then ignite at 600° to 650 C 
cool and reweigh This step gives the value for carbon black and graphite to 
gether 

Treat a second 5 to 10 g sample in a 300 ml Erlenmeyer flask having a ST 
neck with 75 ml of 35% nitric acid on the steam bath heating as previously de 
scribed Then add an additional 50 ml of 35% nitric acid and reflux for 3 hr 
(This refluxing step oxidizes the carbon black but not the graphite) Filter as 
before through a crucible wash with hot water and discard the filtrate Wash 
thoroughly with acetone dry by aspiration and then in an oven at 120° to 130 C 
Cool in a desiccator and weigh Then ignite at 600° to 650°C until all carbona 
ceous matter is removed This step provides a measure of the graphite content 
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Then calculate carbon black from the difference between the 2 determinations 
described. 

CELLULOSE ACETATE 31 

Cellulose acetate is sometimes used in double-base propellant as a burning rate 
modifier. The procedure given here for determining cellulose acetate is based on 
the phenomenon that, in alkaline media, cellulose acetate hydrolyzes to cellulose, 
while cellulose nitrate decomposes to a number of water-soluble products. 

Hydrolysis Solution .— The hydrolysis solution is 0.45 ± 0.05 N KOH in approxi- 
mately 49% by volume of diethyl ether, 46% of ethanol, and 5% of water. This 
solution is prepared by adding 42 ± 2 ml. of saturated aqueous KOH to 640 ml. 
of 95% ethanol. After mixing, it is diluted with 640 ml. (1 lb.) of diethyl ether, 
mixed, and poured through a rapid filter paper into a storage bottle. The nor- 
mality of the resulting hydrolysis solution is determined by titration against a 
standard acid solution. 

Basic Procedure .— Four g. of 20-mesh sample are weighed and transferred to a 
300-ml. iodine flask having a 24/40 ST joint. Through a powder funnel, 250 ml. 
of the hydrolysis solution are added. The flask is stoppered with a No. 22 glass 
stopper, and covered with a small inverted cup to allow controlled pressure re- 
lease. After standing a minimum of 15 hr., a few drops of phenolphthalein are 
added, and the solution is made slightly acidic with acetic acid to prevent any 
attack on the Alundum thimble. 

An Alundum extraction thimble, unless previously used in this procedure, is 
pretreated with 50% acetic acid. The thimble (30 by 80 mm., flat bottomed, poros- 
ity RA98) is heated for 30 min. at 725 ± 25°C., cooled to room temperature in a 
desiccator, and weighed in a covered weighing bottle. One end of a 40-mm. length 
of Gooch rubber tubing is slipped over the top of the thimble for 10 mm. below 
the top edge. The thimble is placed in a filter tube, which is connected to a 
suction flask through a rubber stopper, and the other end of the tubing is stretched 
over the outside of the filter tube. Sufficient tubing is retained between the thimble 
and the filter tube so that it is convex when viewed from above. The insertion 
of the stem of a powder funnel into the top of the thimble completes the filtration 
assembly. 

Most of the solvent is decanted through the funnel into the thimble from the 
residue and the dark lower liquid phase. To the residue in the flask, 60 ml. of 
hot 50% acetic acid are added. The solution is gently boiled for 6 min., with oc- 
casional swirling. The flask is cooled to a convenient temperature, and its con- 
tents are quantitatively transferred to the thimble using 50% acetic acid at 40° to 
60°C. The funnel is removed, and the residue and the walls of the thimble are 
washed thoroughly with acetone, with some acetone passing between the outside 
of the thimble and the Gooch tubing, to wash the inside of the filter tube. 

After suction drying, the thimble is placed in a vacuum oven at 100° ± 5°C. for 
a minimum of 3 hr. at a maximum absolute pressure of 40 mm. The thimble is 
placed in an uncovered weighing bottle (previously tared with its cover) and 
cooled to room temperature in a vacuum desiccator containing phosphorus pentox- 
ide, and equipped with a drying tube at the inlet. The covered weighing bottle 
containing the thimble and the residue is reweighed. 


si Based on the method of Fletcher, A. N„ et al.. Anal. Chem., 31, 1224, 1959. 
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Insolubles Correction Procedure —For very precise results a correction should 
be made for the insoluble impurities that may be present m the cellulose nitrate 
used to prepare the propellant A military specification JAN N 244 for mtrocellu 
lose allows up to 0 4% acetone insolubles in cellulose nitrate Consequently an 
appreciable positive error could occur if a correction were not made for these ini 
purities If the cellulose nitrate used to manufacture the propellant is available 
the basic procedure is applied to a dried 5 g sample of this material to determine 
the correction value 

Ash Correction Procedure— 11 such a sample of cellulose nitrate is not available 
a less accurate corrective procedure may be followed After using the basic pro- 
cedure the thimble and contents are placed in a muffle furnace at 72a“C for 30 
min The thimble is cooled in a desiccator to room temperature and weighed in 
the covered weighing bottle 
Calculations 


Cellulose acetate per cent = — — — 

where C = weight of cellulose in grams 

G ■= gravimetric conversion factor, and 
5 = weight of sample m grams 

The gravimetric conversion factor G may be calculated from the nominal per 
centage of acetyl content of the cellulose acetate by the formula 

g _ weight of cellulose acetate _ 4304 

weight of cellulose 4304 — (42 04 X percentage of acetyl) 

The gravimetric conversion factor G may also be obtained from the latter 
equation by a direct determination upon the cellulose acetate used in preparing 
the propellant The basic procedure is followed except that i sample of about 
2 g of dry cellulose acetate is taken and die cellulose is dried overnight before 
being weighed 

The weight of cellulose C is obtained in the following manner 
Basic procedure 

C= B - A 

Insolubles correction procedure 

C = B - A~ NI 

Ash correction procedure, 

C = B - A' 

where A = initial weight of thimble and weighing bottle, 

A’ = weight of thimble and weighing bottle after 30 mm ignition, 

B = weight of hydrolysis product, thimble and weighing bottle, 

I = fraction of insolubles found in cellulose nitrate, and 
N = nominal fraction of cellulose nitrate in sample 

There are 3 semicritical steps in the basic procedure First there must be suf 
ficient kOH to react with the acidic products of the hydrolysis Each gram of 
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propellant consumes about 1 g. of KOH. Consequently, at least 60 ml. of the 
hydrolysis solution should be used per gram of propellant. Whether sufficient 
alkaline solution was taken is checked just before the solution is acidified after 
the 15 -hr. reaction period. The solution should turn red upon the addition of 
phenolphthalein. On the other hand, a large excess of hydrolysis solution should 
be avoided. Two phases are present at the end of the reaction. The lower phase, 
in contact with the cellulose, has a higher concentration of base than the upper. 
It is possible, consequently, for the hydroxide concentration in the lower phase 
to be undesirably high so that the glucoside chain of the cellulose would be at- 
tacked by the excess base present after hydrolysis. 

The second semicritical step is in the washing procedure. Washing must be 
thorough, especially if the solution being filtered comes in contact with the por- 
tions of the walls that are in contact with the Gooch rubber tubing. Because this 
area is above the suction line, it is more difficult to wash it adequately. 

> Obtaining and keeping the cellulose in a dry state is the third operation re- 
quiring care. Cellulose should be treated in about the same manner as phosphorus 
pentoxicle in regard to exposure to the atmosphere. 

CYCLOTRIMETHYLENETRINITRAMINE, RDX, GRAVIMETRIC 

METHOD 

Cyclotrimethylenetrinitramine (RDX, cyclonite, or hexogen) is determined in 
certain types of propellants by a simple extraction and gravimetric procedure. In 
addition to the RDX, a typical propellant may contain nitrocellulose, nitroglycerin, 
dibutyl phthalate, triacetin, and 2-nitrodiphenylamine. 

Procedure.— A 5-g. sample is extracted with pentane-methylene chloride (2:1) 
azeotrope in a Soxhlet assembly heated by a water bath ( not a hot plate). The 
extraction is continued for 6 to 8 hr. after all red or yellow color appears to have 
been removed from the thimble, care being taken to add additional n-pentane (not 
azeotrope) if solvent loss during extraction is discernible. (Discard this extract, 
insofar as the RDX determination is concerned.) After drying of the residue, 
thimble, and Soxhlet equipment, the residue is extracted with 95% ethanol, using a 
hot plate or heating mantle, but being extremely careful not to let the solvent vol- 
ume decrease appreciably. The extract is quantitatively transferred to a tared 
e\aporating dish, and the solvent is removed by evaporation on a steam or hot 
water bath, with the aid of a dry-air jet. The dish is then dried in an oven at 70°C. 
for 2 hr., cooled in a desiccator, and weighed. Caution— The residue in the dish 
is RDX, and is highly explosive and sensitive. Large crystals are especially hazard- 
ous. Handle with great care and with protective de\ ices (shields, safety glasses, 
etc.). 

The increase in weight of the tared dish is used to calculate the percentage of 
RDX in the sample taken for analysis. 

The residue from the alcohol extraction may be weighed (a fritted-glass thimble 
is used in the extraction if this determination is desired) and considered to be 
nitrocellulose. 

The pentane-methylene chloride extract from the first extraction or a duplicate 
one may be used for determination of nitroglycerin, 2-nitrodiphenylamine, tri- 
acetin, and dibutyl phthalate by procfcdures described elsewhere under each of 
these ingredient headings. 
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DIBUTYL PHTHALATE 
See * Phthalate Esters,’’ p 1 396 


DIETHYL PHTHALATE BY AZEOTROPIC DISTILLATION ** 

See also ‘Phthalate Esters ' p 1396 

Although the azeotropic method is tedious, it has been demonstrated to be a 
reliable and accurate method {or diethyl phthalate in propellants containing m 
addition to the phthalate, nitrocellulose, nitroglycerin 
2 mtrodiphenylamine, potassium sulfate, carbon black 
and lead stearate 

Procedure —Place a sample of finely divided propel 
lant that contains about 0 3 g of diethyl phthalate m 
a 500 ml Erlenmeyer flask (with ST neck), and add a 
few carborundum chips and 50 to 100 ml of 30% 
KOH Use 100 ml for propellants containing up ta 
5% DEP and 50 ml for propellants containing more 
than 5% (The larger amount of hydroxide is needed 
for low content of phthalate because the larger sample 
required contains more nitrocellulose and nitroglycerin 
which also consume alkali ) Swirl the flask thoroughly 
to wet all the propellant and disperse clumps of 
sample 

Caution —In the heating step to follow local over 
heating of unwetted or clumped propellant can lead 
to explosion A shield is recommended especially m 
the early stages of heating 
Assemble the apparatus illustrated in Fig 3213 
Connect the flask directly to the condenser (using a 
small amount of high melting stopcock grease) The 
receiving apparatus components (D, E, P, and G of 
Fig 32 13) are not connected at this stage Attach the 
nater trap C to the condenser, and pour 10 to 15 ml 
"With an electric hot plate, heat gently at first and then 



Fig 32 13 Azeotropic Dis 
i filiation Apparatus A, Er 
lenmeyer Hash 500 ml, B, 
Condenser 1\ ater Cooled 
400 mm C Mater Trap 
D, Distillation Receiving 
Tube 25 ml at Top Grad 
nation E Extension Tube 
F, Volumetric Flask 250 
ml C Ice Water Bath H, 
Hot Plate 3 Heat 


of distilled water into it 
reflux at a moderate rate for 30 min Remove the hot plate and allow the flask 
to cool for 10 mm 

Detach the water trap, pour 25 ml of hydrogen peroxide (3% reagent) into the 
top of the condenser, and replace the water trap Raise the trap to cause the 
water from the trap to rinse the peroxide into the flask, and refill the trap with 
water Reflux gently for 60 mm , remove the heat source, and cool the flask in 
cold water Pour 50 ml of distilled water through the water trap into the con 
denser and flask 

Prepare ice bath, G, and assemble the distillation receiving equipment (D, E, 
T, and G) Detach the water trap, and pour 50 ml of benzene through the con 
denser and into receiver, D, and flask, A Add just enough distilled water through 
the condenser to displace the benzene in the receiver, causing it to flow back into 
the flask By opening the stopcock, dram all but 2 0 ml of the water from the 


32 Modification of the procedure described by Butts, P G, Prine, G B, Kouba, D L, 
and Becker, W W,AnaI Chem 20,1066 1948 
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receiver, D, into the flask, F. — IT t , 

place the water trap. Heat the flask, A, to bring the conte nts to coning (very 

gently at first). As distillation proceeds draw off 10 to 15 ml' a 1C j U ° f S R ? a , CO ] ’° 
('produced by oxidation of the phthalate) and water until a 0 3 1 ‘ 

been collected in flask, F. (At no time during these operatioi ls raw own . ^ 
the 5 ml. mark.) Remove the hot plate and disconnect the w' ate j; tra P> savin g 1 le 
water in the trap for a later step. Drain the last of the wat er rom 1 le recei ' er 
tube into the receiving flask, closing the stopcock when the h enzene fj er les 

the 0.2 ml. mark on the tube. Wash the benzene remaining i n 1 e tu . e wl *. ve 

5-ml. portions of distilled water added through the condensP r ’ drawing 0 ea ^' 
portion to the receiving flask. Disconnect tube E from the graduated tu 3e > 
and pour a little water through tube E into the volumetric " a ^' Transfer tie 
water from the water trap to the flask, rinsing twice with sf 13 portions of dis- 
tilled water. 

Remove the receiving flask from the ice bath, allow it to warm to room tem " 
perature, and fill to the mark (250-ml.) with distilled water. 

Pipet a 50-ml. aliquot of the ethanol-water solution to a 250-ml. iodine flask, 
and add accurately 25.00 ml. of 0.2 N potassium dichromate solution. Close the 
flask loosely with a water-moistened glass stopper. Heat the on a steam bath 
for 75 min.; then cool it to room temperature. Add 15 m^‘ °/ potassium 

iodide solution, swirl, and let stand a few minutes. Titrate 1 ^ sodium 

thiosulfate solution using starch indicator. 

Make a blank determination on a synthetic propellant sam]^ e containing all the 
ingredients of the sample except the phthalate. 

2 — C)N 


Diethyl phthalate, per cent = 


2.7781 A - B) N 

JVj 


W 2 


where A = sodium thiosulfate to titrate iodine liberated from solution by exactly 
25.00 ml. of 0.1 A potassium dichromate solution in iPdlihters, 

B = sodium thiosulfate to titrate iodine liberated from solution by the po- 
tassium dichromate remaining after oxidation of the a LohoI in the 50-ml. 
aliquot of distillate in milliliters, 

C = sodium thiosulfate solution required by the blank in rnilliliters, 

N = normality of sodium thiosulfate solution, 

Wi = weight of propellant sample, grams in the aliquot, ar 1 ^ 

W 2 = weight of synthetic sample, grams in the aliquot. 


DIMETHYL PHTHALATE 
See “Phthalate Esters,” p. 1396. 

DINITROTOLUENE BY T1TANOUS CHLORIDE REDUCTION ™ 
Method When Nitrate Esters Are Not Present in the p ro P e Hant. Reagents. 
Titanous Chloride Solution, 0.2 Ah— Same as for Nitroglycer 111 ’ P- 1392. 

Ferric Ammonium Sulfate , 0.15 Ah— Same as for Nitroguanf dine ’ P- 1394. 
Procedure.—A 5-g. sample is extracted with methylene chloride, the volatile 
solvent is removed by evaporation (air jet), the residue is take 11 U P in glacial acetic 
acid, and made up to volume with this reagent in a 250' m ^' v °l u metric flask. 
Inert gas (CCh, or N 2 ) is passed through a special titration ^ as ^ (Fig. 32-14) for 

33 Based on the method described by Becker, W. W., Anal. Che m- ’ 132, 1933. 
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5 mm before adding the simple and throughout the remainder of the deternunj 
tion A 2a ml aliquot of the extract is pipetted to the titration flask and 02 \ 
titanous solution is measured in from a buret using 4 ml of the standard rea*cnt 
for each 1% of dmitrotoluene in the propellant (as known from the formulation 
value or i preliminary determination) Then 25 ml of 15% hydrochloric aad 
and i few glass beads or carborundum chips are added and the flask is connected 
to the reflux condenser By means of in electric hot plate the solution is brougft 



fir 32 11 ferrous Titanous Titration Apparatus A Inert Gas Supply (eg CO) R 
Ircssure Relief Bubbler C Titanous Solution Storage Bottle D 2 War StopcwC t 
Titanous Solution Buret f Terrous Solution Buret C Ferrous Solution Storage Bottle 
// Titration J lask I Bt bbler for Rate of Flow Observation \ lew 1 (Ml I>t mi noons in 
Millimeters) 

to boiling and then refluxed for 5 to 10 mm Without disconnecting the con 
denser and with slightly increased gis flow the heat source is removed and tic 
7l tsk is codicil wtfn i co'lil water 'tilth The condenser is disconnected anb ‘hre 
flask contents ire turned with 015 \ ferric ammonium sulfate using 5 ml ol 
20% tmmonium thiocyanate as indicator A reagent blink is made following the 
determination operations to give the ferric ammonium sulfite required by the same 
quantity of titanous solution as that used with the sample 

Dmitrotoluene per cent = * — ^ ^ jp — (See Eq 32 3 ) 

where II — grams sample represented by the aliquot 
Method II hen Ai Irate Lsters (eg , Nitroglycerin) Are Present in the Propellant 
—The sample is extracted in the same manner as described above and made fp 
to volume in glacial acetic acid after removal of the volatile solvent The nitrate 
ester is determined in accordance with the procedure given for Nnroglj«nn 
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p. 1391. The reduction with excess titanous solution described above is then ap- 
plied immediately to the solution remaining in the titration flask at the end of 
the titration of ferric ion by titanous solution. 

D1PHENYLAMINE BY TITRI METRIC BROMINA T ION METHOD 

The titrimetric bromination method is applied to single-base and double-base 
propellants containing no brominatable materials (such as salicylates, phenols, or 
centralites) other than diphenylamine. 

Procedure.— Extract a 5-g. sample of propellant with volatile solvent (methylene 
chloride), evaporate the solvent (air jet), and take up the residue in 10 to 15 ml. 
of glacial acetic acid. For propellants containing less than 0.5% diphenylamine, 
quantitatively transfer this entire sample to a 250-ml. iodine titration flask, using 
glacial acetic acid as rinse liquid in a sufficient amount to make about 50 ml. of 
total liquid. For propellants containing 0.5 to 1.0% diphenylamine use an aliquot 
of half the sample (volumetric flask and pipet), and for propellants with more than 
1.0% use a quarter of the sample. 

Add from a buret 25 ml. of 0.2 N potassium bromate-bromide solution (5.6 g. 
potassium bromate and 30 g. potassium bromide per liter). Moisten the stopper 
of the flask with 1 or 2 drops of 15% potassium iodide solution, add 5 ml. of con- 
centrated HC1 to the flask, stopper the flask immediately, note the time, swirl the 
flask contents for a few seconds, and allow reaction to proceed for 60 to 75 sec. 
from the time noted. Add 10 ml. of 15% potassium iodide solution to the flask, 
and swirl the contents. Wash down the gallery and inner walls of the flask with 
distilled water, and titrate the solution with 0.1 N sodium thiosulfate with 5 ml. 
of starch solution added near the end of the titration. 

Make a blank determination on the reagents using exactly the same amount of 
standard bromate-bromide solution as for the determination. 


Diphenylamine, per cent = 
where W = grams sample in aliquot. 


2.115 N(B 
W 


A) 


(See Eq. 32-3.) 


ETHYL CENTRALITE BY TITRIMETRIC BROMINATION METHOD 
Determine ethyl centralite in exactly the same manner as the bromination 
method for determining diphenylamine, above, with the following exceptions. 

Use the entire extract from a 5-g. sample when the propellant contains less than 
4% ethyl centralite. For contents of 4 to 6%, and for above 6% use aliquots of 
one-half and one-quarter the sample, respectively. 

„ , , 6.71AL6 - A) , 

Ethyl centralite, per cent = — — (See Eq. 32-3.) 

where W — grams sample in aliquot. 


GRAPHITE 

See Carbon and Tin and Graphite. 

INFRARED PROCEDURES; ANALYSIS OF PROPELLANTS BY INFRARED 

SPECTROPHO TOMETRY 

Single-beam and double-beam infrared spectrophotometers are advantageous in 
the analysis of propellants for a number of ingredients. Usually a cell in-cell out 
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technique is used for single beam work, and a compensating technique. Cor double 
beam The composition of the propellant must always be considered in choostn* 
appropriate wavelengths for the measurements of absorptions, and in njikiti" suit 
able deductions (corrections m single beam operations) or compensations (doubU 
beam) for interfering substances A procedure typical of each technique is gum 
below Both of these examples are for a single base propellant with the follow m* 
nominal composition NC 84% DNT, 10% DBP, 5%, DP A 1% 

Iii each case a Soxhlet extraction with methylene chloride as solvent is made 
which removes the soluble components from the NC and other insoluble m 
gradients The extraction time depends on the type of the sample and must bt 
predetermined on typical material Periods ringing from 6 to 24 hr have been 
used See remarks under Solvent Extraction,’ p 1372 
Single Beam, Cell In Cell Out Procedure Determination of DBP.— Evaporate 
the solvent from the methylene chloride extraction of 4 0 00 g of propellant In 
means of a stream of dry air and very moderate heat Dry only to solvent dr) 
ness Faint traces of residual methylene chloride will not interfere The first 
stage of the evaporation is performed m a flask or beaker, the final stage in a 
tired, 25ml, screw cap vial Then dilute the contents of the vial to 10 000 g 
wall ethylene chloride, cap the vial and shake it to mix the contents Using a 
0 1 mm cell with sodium chloride or calcium fluoride windows, measure the infra 
red absorbance at the peak of the 5 75 n band 

At the same position, make absorbance measurements with the same cell and 
instrument settings for the empty cell, the solvent, and each of the other in 
i gradients having some absorbance at that wavelength (DN1 and DPA) using for 
these ingredients solutions containing the amounts extractable from the 4 000g 
sample of the propellant 

Obtain net absorbance for DBP by subtracting absorbances due to cell solvent 
DNT, and DPA from the total absorbance of the propellant extract Calculate 
the percentage of DBP in the ethylene chloride by means of a st indard workup 
curve of absorbance versus concentration prepared by measunng absorbances lot 
DBP on 5 or more solutions spread over the range 0 5 to 2 5% Convert the 
percentage of DBP value read from this curve to percentage of DBP in the pro 
pellant by multipl)iiig by 2 5 (because the extract from 4 g of propcPant was 
diluted to a total weight of 10 g) 

As a rough guide tjpicil absorbances at 5 75 a corresponding to 1% of in 
gradient are DBP, 0 3 DNT, 0 002, DPA, 0 006 Tor the cell plus sohent a 
tjpica'i a'usoi’umce is 1 ) 'Ct 

Tor a Beckman IR2 single beam instrument typical settings are slit, 0 38 mm, 
gun, 1, period, 2 sec shutter, metal 

Determination of DNT.— The DNT is determined in much the same manner as 
that given above for DBP The exceptions are as follows the residue from cup 
oration of the methylene chloride extract of a 4 000 g sample is diluted to 8 000 g 
(ratio 1 2), absorption is measured at the peak of the 119 a band, the standard 
working curve is based on a scries of DNT solutions covering the range 10 to 
6 0%, and corrections are made for absorbances of cell, solvent, DBP, and DP\ 
Double Beam {Compensation) Procedure. For DBP and DNT. Reference So 
ltd ion —Dissolve a weighed quantity of DPA corresponding to the DPA content 
of a 5g sample of propellant (le, 0 030 g for propellant containing 1%) in 
chloroform, and dilute to 50 0 ml 
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Calibration Solution— Dissolve 0.050 g. DPA, 0.250 g. DBP, and 0.500 g. DN1 
in chloroform, and dilute to 50.0 ml. (These quantities are based on the amounts, 
in a 5-g. sample, of propellant having the composition 1% DPA, 5% DBP, 10% 
DNT.) 

Calibration.— Fill the thinner of 2 closely matched 0.2-mm. cells with reference 
solution, and the other with calibration solution, rinsing each cell several times 
with the solution introduced. Place the reference solution in the reference beam 
and the calibration solution in the sample beam of the spectrophotometer. Ac- 
curately set the 0% and 100% transmission at the 5.0 ft wavelength, then scan to 
6.7 /x, using absorbance chart paper. Read absorbance of DBP at the peak of the 
band at about 5.8 ft, and the absorbance of DNT at the peak of about 6.55 /t. 
Calculate calibration constants for DBP and DNT as follows: 


A(dbp) 


A ( at 5.8 ju) 
0.250 


■K( DNT) 

where K = calibration constant = — * 

C/ 

A = absorbance, and 
C = concentration. 

Analysis of Sample .— Dry to solvent dryness the methylene chloride extract from 
a 5-g. sample, using a stream of dry air and very moderate heat. Avoid overheat- 
ing. Quantitatively transfer this residue to a 50-ml. volumetric flask using chloro- 
form as solvent, and make up to the mark. Using the same techniques and set- 
tings as for calibration, scan the sample solution from 5.0 to 6.7 ft, and read the 
peak absorbances at the 5.8 and 6.55 ft locations. 


A ( at 6.55 ft) 
0.500 


DBP, per cent = 


lOOQf at 5.8 ft) 
Tf(DBP) X (weight sample) 


DNT, per cent 


100 (A at 6.55 ft) 
A(dnt) X (weight sample) 


Instrument Settings.— Typical settings for a Perkin-Elmer Model 21 spectro- 
photometer are: slit, 984 ft (schedule 2); response, 1:1; speed 4 (approx. 0.33 n per 
min.) or slower; gain, as required for the specific instrument. 

Typical Procedures for Analysis o) Double-Base Propellants .— The detailed pro- 
cedures described above are for a single-base formulation. Procedures for double- 
base formulations are very similar. Also DEP, DOP, and TA, in double-base pro- 
pellants, are commonly determined by infrared techniques. These ingredients are 
usually extracted from a finely divided sample of the propellant with methylene 
chloride in a Soxhlet apparatus. The methylene chloride is then evaporated in 
the manner described above for determining DBP and DNT. Table 32-8 shows 
the essential procedural details for single-beam and double-beam operations, ap- 
plied to 3 typical formulations. 
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Table 32-8 Examples of Infrared Procedures Applied to 
Three Double-Base Formulations 


Nominal Formula, 

Per Cent 

Case 1 

Case 2 

Case 3 

NC- 

52 

55 


60 


NG 

35 

28 


25 


DEP 

11 

— 


— 


TA 

— 



10 


DOP 

— 

15 j 


3 


2NDPA 

2 

— 


2 


EC 


2 


— 


Ingredient determined 

DEP 

TA 

TA 


DOP 

Ingredients compensated 

NG, 2NDPA 

NG, EC 

NG, 2NDPA 

NG, 2NDPA 




and DOP 


and TA 

Single beam details 






Amount of sample in 






grams 

1 

1 

1 5 


6 

Spectra solvent 

ethylene 

ethylene 

benzene 


chloroform 


1 chloride 

chloride 




Total weight of sample 






and solvent in grams 

10 

20 

15 


10 

Absorption measured at, 






M 

58 

58 

82 


89 

Cell thickness in milli- 






meters 

01 

01 

0 1 


02 

Double-beam details 






Amount of sample in 






grams 

25 

3 

5 


10 

Spectra solvent 

chloroform 

chloroform 

chloroform 


chloroform 

'5 i/uu \ tiruTiit ■sanipYt -aiib 






solvent in millimeters 

50 

50 

50 


25 

Absorption measured at, 






M 

58 

58 

73 


89 

Cell thickness in mdh 






meters 

02 

02 

02 


02 









NC and other insolubles 
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LEAD COMPOUNDS 

Total lead from lead compounds in propellants may be determined in a va- 
riety of ways; of these, the sulfate procedure given here is simple and accurate. 

The Sulfate Method— A propellant sample of 5 to 20 g. (depending on lead 
content) is placed in a tail-form, 300-ml. beaker. Fifty ml. of 65 to /0% acetic 
acid, 20 ml. of concentrated HN0 3 , and 10 to 15 ml. of concentrated H 2 S0 4 are 
added, in the order named, with swirling of the beaker contents. The beaker is 
covered with a ribbed cover glass, and heated on an electric hot plate at low heat 
until the more violent reaction stages are past. It is then heated until fumes of 
sulfur trioxide appear. The beaker is removed from the hot plate, cooled nearly 
to room temperature, 10 ml. of HNO s are added, and heating is repeated. The 
cooling, addition of HNO a , and reheating cycle is repeated until the residual 
H 2 S0 4 solution is colorless (or very pale yellow) when white fumes appear. Then 
heating is continued for 10 min. The beaker is cooled, and the cover glass and 
inner sides of the beaker are washed down (slowly at first to avoid excessive bub- 
bling) with about 50 ml. of distilled water. The solution is then boiled for two 
min. (occasionally stirring or swirling may be necessary to avoid loss by bumping), 
and allowed to cool to room temperature. Fifteen to 20 ml. of 95% ethanol are 
added and the solution is allowed to stand at least 4 hr. (preferably overnight). 

The solution is filtered through a tared Selas or Gooch crucible containing an 
asbestos pad, then the precipitate is transferred quantitatively to the crucible and 
washed with 3 N H.,S0 4 . The precipitate is washed with 2 portions of 50% 
ethanol and 1 portion of 95% ethanol, dried first by suction and then at 105° to 
110°C. for 15 to 30 min. It is ignited in a muffle furnace at 550° to 600°C. for 
15 min., cooled in a desiccator, and weighed. 


Compound, per cent = 


100d£ 

nCJV 


03291 AB 
nW 


where A = weight of lead sulfate in grams, 

B = molecular weight of lead compound in the propellant, 
n = number of lead atoms in the compound, 

C — molecular weight of lead sulfate (303.27), and 
W = weight of sample taken for analysis in grams. 


NITROCELLULOSE, GRAVIMETRIC, BY ACETIC ACID EXTRACTION 
The gravimetric acetic acid extraction method is suitable for the determination 
of nitrocellulose (cellulose nitrate) in many propellants. It is not applicable if 
the nitrogen content of the nitrocellulose is less than 12.2%. It is not appropriate 
also for propellants containing ingredients, other than the nitrocellulose, that are 
insoluble in acetic acid of the strength specified, unless the necessary correction 
can be obtained from an independent determination of the interfering substances. 

Procedure .- A 3- to 5-g. sample of finely divided propellant is extracted with 
65 to 70% w/w acetic acid in a 250- or 300-ml. Erlenmeyer flask having a ST neck. 
The sample is heated with 100 ml. of the acid, either for a minimum of 3 hr. on a 
steam bath w i t h the flask loosely stoppered by a glass stopper, or by refluxing 
gently for 30 min. on an electric hot plate. The hot supernatant acid is decanted 
through a tared, sintered-glass crucible of medium porosity. The residue is then 
re-extracted with 50-ml. portions of 65 to 70% acid, using 3 portions and 3 re- 
heating periods of 10 to 15 min. if the steam bath is used, or- I portion with a 
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5 mm period by the refluxing procedure The residue is then quantitative]! 
transferred to the crucible using a jet of hot distilled water The crucible and 
contents ate thoroughly washed with hot water dried to constant weight in an 
oven at 100° ± 5°C or preferably, in a vacuum oven at 60° to 70°C, cooled ma 
desiccator, and weighed The weight is considered constant when successive Ihr 
periods of heating do not cause a loss in weight exceeding 3 mg Calculate weight 
of residue to percentage of nitrocellulose 

NITROCELLULOSE BY FERROUS TIT AAOUS TITRATION »* 

The ferrous titnnous method given here is the only satisfactory method known 
at present for determining nitrocellulose (cellulose nitrate) in propellants contain 
mg cellulose acetate and certain othei ingredients insoluble in acetic acid It « 
applicable to all tvpes and grades of nitrocellulose whereas no other currently 
used method (including the nitrometer) has this universal validity 
Reagents n Butyl Acetate, Eastman Kodak Co white label 
Ferrous Ammonium Sulfate Solution, Approximately 0 7 N —Same as for ‘Nitro- 
glycerin p 1391 

ft Hexane, Phillips Technical Grade, or Equivalent 
n Pentane, Phillips Technical Grade, or Equivalent 

Titanous Chloride, Standard Solution, 0 2 A' —Same is for Nitroglycerin p I3‘l2 
Procedure —Extract a finely dmded (Wiley milled 20 mesh) sample of propel 
lain that will yield 0 20 to 0 30 g of nitrocellulose with methylene chloride or 
65 to 70% acetic acid to remove nitroglycerin and other soluble nitrite esters. 
Filter the residue onto a medium porosity fritted gl iss or Selas crucible wash 
with methylene chloride if that solvent was used as extractant or with water if 
the acid was used and dry the residue to constant weight in i vacuum oven at 
60° to 70°C Transfer the residue to a 300 or 500 ml reduction flask having a 
sealed in arm for introduction of inert gas (C0 2 or N,) and a ST neck (see Fig 
32 14), using a powder funnel and a stream of r? pentane n hexane solvent (3 1) 
from an all glass or polyethylene wash bottle Rinse the funnel by pouring 4a 
ml of glacial acetic acid through it into the reduction flask Add a few glass 
beads or carborundum chips to the flask Remove most of the pentane hexane 
solvent by heating the flask for a few minutes on a steam bath Add 25 ml of 
n butyl acetate to the flask and connect the stream of inert gas to the side aim. 
Connect the flask to a Graham type condenser and heat on an electric hot plate 
until the solution has boiled for 1 to 2 min Cool the flask to approximately room 
temperature with a cold water bath 

Add rapidly 25 ml of 0 7 \ ferrous ammonium sulfate solution from a buret 
having a coarse tip and then add 8 to 10 ml of concentrated HCl from a dispens- 
ing buret The amount of HCl is critical and must be kept within the prescribed 
limns Reflux the flask contents until a senes of color changes from light green 
to dark green to yellow occurs and then for 10 min longer. Usually a total of JO 
to 40 minutes is required Agitate the contents of the flask throughout the bod 
ing at about 5 min intervals by hand shaking the flask Cool the flask and con 
tents in a cold water bath, loosen the condenser joint slightly and wash the toi 
denser by pouring 30 ml of 65 to 70% acetic acid (oxygen free by C0 2 sparging 
into tire top of the condenser After a few minutes disconnect the flask from the 
condenser, and titrate the flask contents with 0 2 N standard titanous chloride solu 

s * Procedure described by Pierson, R H, and Julian, E C, Anal Chem . 31, 589, l!b9 
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don, adding 5 ml. of 20% ammonium thiocyanate near the end. As the end 
point is approached, add titrant very slowly, with at least 10 sec. allowed, between 
each drop added, and with good agitation. Complete discharge of red coloration 
marks the end point. 

Make a blank determination on the reagents processed through all the deter- 
mination steps. 

46.693(F - B)N F(V — B)N 
Nitrocellulose, per cent = — = — 

where V = standard titanous solution used for the sample in milliliters, 

B = standard titanous solution used by the blank in milliliters, 

N = normality of standard titanous solution, 

P = percentage of nitrogen in the nitrocellulose used in manufacturing the pro- 
pellant, 

W = sample weight in grams, and 

46.693 

percentage of nitrogen in the NC 

2-NI TR ODIPHENYLA MINE BY SPECTROPHOTOMETRIC METHOD 

Preparation of Standard Carve.— A. 0.5000-g. sample of high purity 2-nitrodi- 
phenylamine is dissolved in 100 ml. of 95% ethanol. From this stock solution 0.2 

ml. increments in the range 1.0 ml. to 3.0 ml. (11 aliquots) are each made up to 
100 ml. in volumetric flasks. Transmittance of each of these standards is meas- 
ured at 430 mji using a Beckman DU spectrophotometer (or equivalent) and 10- 

mm. Corex cells with 95% ethanol in the reference cell. The results are plotted 
on 1-cycle, semi-log paper with transmittance on the ordinate (log) scale and milli- 
grams 2-nitrodiphenylamine on the abscissa (linear) scale. 

Procedure.— A 0.5000-g. sample of finely divided propellant is placed in a 100-ml. 
round bottom flask and extracted for 30 min. by refluxing with 50 ml. of 95% 
ethanol. The solution is filtered through filter paper to a 100-ml. volumetric 
flask. The reflux flask and filter are rinsed with several small portions of hot 
ethanol. After cooling to room temperature, the volumetric flask is made up to 
volume with the 95% ethanol. Provided the propellant contains not more than 
1.5% 2-nitrodiphenylamine, the transmittance of the solution prepared as just 
described is determined at 430 m/i in a 10-mm. cell, with 95% ethanol in a matched 
cell as reference. For propellants containing 1% of 2-nitrodiphenylamine the so- 
lution will give a transmittance of about 40 to 50%. For propellants containing 
more than 1.5% of 2-nitrodiphenylamine, a further suitable dilution with ethanol 
is made to bring the transmittance near the midrange of the standard curve. Per- 
centage of 2-nitrodiphenylamine is calculated by reference to the standard curve, 
taking into account the sample weight taken and the final dilution used. 

NITROGLYCERIN ( GLYCERYL TRINITRATE) BY FERROUS-TIT ANOUS 

TITRATION 

Reagents. Ferrous Ammonium Sulfate, Approximately 0.7 N .— Prepare a solu- 
tion containing 1100 g. of ferrous ammonium sulfate hexahydrate, FeS0 4 (NH )„- 
S0 4 -6H 2 0, and 560 ml. of concentrated H 2 S0 4 in 4000 ml. of solution (use oxygen- 
free distilled water). Reduce the ferric iron by treating the solution with powdered 
iron (reduced by hydrogen) until a drop produces no immediate pink color with 
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ammomum thiocyanate solution Filter through a large folded filter paper It B 
advisable to feed a current of carbon dioxide into the filtrate during filtration 
Agitate the reagent with carbon dioxide for a few minutes and store under carbon 
dioxide 

Reduce and refilter whenever a 25 ml portion requires more than 02 ml of 
0 2 A titanous chloride solution to reduce the ferric iron present 

Titanous Chloride Standard Solution 02 IV —In a 2000 ml beaker v arm 400 
ml of 38% HC1 to 70 to 80°C on a hot plate (HOOD) In small increments a Vi 
48 g of TiH keeping the beaker covered except when additions are being made 
When hydrogen evolution has nearly ceased remove the beaker from the hot plae 
cool to near room temperature add 1000 ml of oxygen free distilled water (bo led 
ind cooled or purged with inert gas) and mix the solution by passing into u a 
stream of oxygen free inert gas (CO or N ) Filter the solution through filter 
paper until perfectly cleir Add 1000 ml of 38° HC1 and dilute to 4000 ml u tl 
oxygen free distilled watei Agitate and store mad irk bottle under inert gw 
See Fig 32 14 which depicts a typical protective system 

Standardize as follows pass inert gas (e g CO ) through a speci tl turn o fla l 
(Fig 3214) for 5 min and then continuously for the rem under of the determ na 
lion transfer to the flask an accur itely weighed portion of k 2 C r O (Bureau of 
Stand irds sample No 136 previously dried at 110 C) or an accur itely measured 
volume of 0 2000 N standard dichromale solution tdd 50 ml of 10% H S0 4 solu 
non and titrate with the 02 \ titanous chloride solution adding leir the end 
point 4 to 3 drops of sodium diphenyl benzidine sulfonate (0 5 g m 100 nl of 
water) is indicator the color change sequence of the indicator itself is dark bro 
or purple to blue to colorless the final color of the titrated solution at the end 
p nut being the green due to chromic ion at this point add 5 ml of 20% ammo- 
nium thiocyanate indicator and discharge the red color which appears if iron s 
present by an additional titration with the titanous solution until the green color 
is restored 

C ilculate the normality of the titanous solution corrected for iron content as 
follows 


\ (corrected) — — if exactly 0 2000 A dicliromate solution v as used 

V fpQrxerJed), — it snhd. djrJrmmal/t w^s. w.eujbed 

0 049U4/ 

where D — milliliters of the 0 2000 \ solution of dichromate 

r ~ total milliliters of titanous solution (mrluding amount required for iron and 
with temperature and buret corrections) and 
A = solid potassium dichroniate in grams 

Preparation of Sample For propellants containing nitrocellulose vvith a nitro- 
gen content in excess of 12 2% extract with 6o to 70% acetic acid or with volatle 
solvent (methylene chloride) In the case of propellants containing nitrotellulo e 
of less than 122% nitrogen make the extraction with the volatile solvent (H e 
acid solution cannot be used in this case because of its solvent action on the bC) 
If the volatile solvent is used perform the extraction in a Soxhlet ipparatus evapo 
rate the solvent using an air jet and take up the residue in glacial acetic acid. 
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When the 65 to 70% acetic acid is used as solvent, make the extraction by heating 
sample and solvent in a flask on a steam bath, or by refluxing as described under 
“Nitrocellulose, Gravimetric, by Acetic Acid Extraction,” p. 1389. Then filter the 
solution directly to a volumetric flask through a very fast filter paper. 

Procedure.— Make the extract, representing 3 to 5 g. of finely divided propellant, 
up to volume with glacial or 65 to 70% acetic acid in a 250-ml. volumetric flask. 
Acetic acid has a high coefficient of thermal expansion, hence, the solution must 
not be allowed to change temperature until all aliquots have been taken. 

Pass a stream of inert gas (C0 2 or No) into a special titration flask through the 
side arm for 5 min., and maintain this protective stream throughout the remainder 
of the determination. By pipet, transfer an aliquot (25 or 50 ml., depending on 
the nitroglycerin content of the sample) to the titration flask, add 15 ml. of 0.7 N 
ferrous ammonium sulfate from a buret with a coarse tip, and add 25 ml. of 15% 
HC1 from a dispensing buret. Add a few glass beads or carborundum chips to 
the flask, and connect it to a reflux condenser. Heat the flask contents by means 
of an electric hot plate. Boil the solution until the color becomes a golden yellow, 
and then boil for an additional 5 min. Usually 10 min. total boiling time is ade- 
quate. Cool the flask and contents in a cold-water bath, loosen the condenser joint 
slightly, and wash the condenser by pouring 30 ml. of 65 to 70% acetic acid 
(oxygen-free, by C0 2 sparging) into its top. After a few minutes draining, dis- 
connect the flask from the condenser, and titrate the flask contents with 0.2 N 
standard titanous chloride solution, adding 5 ml. of 20% ammonium thiocyanate 
near the end. As the end point is approached, add titrant very slowly with at 
least 10 sec. allowed between each drop added, and with good agitation. Complete 
discharge of red coloration marks the end point. 

Make a blank determination on all the reagents processed through all the deter- 
mination steps. 

xt- , ■ 2.523 N(V - B) . ^ 

Nitroglycerin, per cent = (See Eq. 32-1.) 

where W = grams sample in the aliquot. 

N1TROGUANID1NE , BY WATER EXTRACTION 
Procedure .— An accurately weighed 3- to 5-g. sample of finely divided propellant 
is placed in a 25 by 50 mm. extraction thimble, having a sintered-glass bottom of 
medium or coarse porosity, and is covered with a plug of borosilicate glass wool. 
The sample is then extracted with carbon tetrachloride or a pentane-methylene 
chloride (2:1) azeotrope using either a Wiley or Soxhlet apparatus. In the latter 
case it is advantageous to support the thimble off the bottom of the Soxhlet tube 
with a section of glass tubing so that the maximum liquid level before siphoning 
is about to % the way below the top of the sintered-glass tube. A 4-hr. extraction 
period is usually adequate. It is advisable to use a drying tube on the condenser 
to prevent entry of atmospheric moisture. The thimble is removed from the extrac- 
tion apparatus, allowed to drain, and dried for 1 hr. in an oven at 100° to 105°C. 
or in a vacuum oven at 60° to 70°C. The thimble is weighed, reheated, and 
teweighed at 1-hr. intervals until loss of weight between weighings is not greater 
than 3 mg. The nitroguanidine component is then extracted with hot water, either 
by pouring eight 200-ml. portions of boiling water through the thimble with the 
aid of gentle suction, or by extraction in a Wiley or Soxhlet apparatus. The 
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thimble is dried by suction then to constant weight by o\en heating by onto! 
the methods described abo\e 

. , 100(A - B) ^ 

Aitroguamdine, per cent — — C 

where A = weight of thimble and contents pnor to water extraction m grams 
B = weight of thimble and contents after water extraction in grams 
H — weight of sample in grams and 

C — correction percentage of water soluble constituents other than mtroguau 
dme (if any) contamed in the propellant and determined by some suitabl- 
auxiliary test 

\ITROGUANIDI\E BY BUFFERED TITANOUS CHLORIDE 
REDUCTION ” 

Reagents Titanous Chloride 02 A Standard Solution Same as for \itro- 
ghcerin p 1392 

Feme Ammonium Sulfate 015 A Standard Solution— To 400 ml of distilled 
water add 7a g of reagent grade hydrated ferric ammonium sulfate Fe^SO^j- 
(\H 4 ) S0 4 24H n O and 2o ml of 9o% w/w H_jS 0 4 Stir dilute to 1000 ml will 
distilled water and filter through a fast filter paper Standardize against freshly 
standardized 0 2 \ titanous chloride using a ml of 20% w/\ ammonium thiocu 
nate as indicator 

Buffer Solution — 4 1 1 (w/x) aqueous solution of sodium acetate tnhydrate plus 
approximately 7 ml of 30% \aOH solution per 2 o ml of sodium acetate solution 
to gi'ea pH of 11 d ±0o 

Procedure —Extract an accurateK weighed sample of about 2 g of propellant, 
wiili carbon tetrachloride or pentane methylene chloride (2 1 b\ \olume) azeotrope 
in a Miles or Soxhlet apparatus using a 2a b\ aO mm extraction thimble ha\in» 
a sin lered glass bottom of medium or coarse porosity After dr\mg the residue 
transfer it to a beaker containing 200 ml of distilled water and boil for b min. 
Deomt the solution through a rapid filter paper into a oOO ml solumetric flash 
Repeat the boiling with hot water twice using 100 to 12a ml of water each time. 
Cool the solution to room temperature and make its solume to a00 ml Displace 
the air from a special titration flask (either 300- or aOO ml capacity as in Fig 32 H) 
by a stream of carbon dioxide and maintain the piotecme gas flow throughout 
the remainder of the determination Measure 50 ml of 02 \ standard titanous 
solution into the titration flask from a buret add 2a ml of the buffer solution 
and then add from a pipet a oOml aliquot of the sample solution Hus order 
of addition of solutions must not be altered Stir the flask contents bs a magnttc 
stirrer and add 2 o ml of HC1 (1 1) and u ml of 20% ammonium thiocyanate 
indicator solution After 3 minutes back titrate the excess utanous solution with 
0 lo A standard feme ammonium sulfite solution 

x. ^ 1 734oA {B-A) .... 

rsitroguamdine per cent — (See tq Hi) 

where If = grams of sample in aliquot 

3 Based on the method described by Roth Milton and Wegman Raymond F ' n3 * 
Che in 30,2036 19 j8 
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PENTAERYTHRITOL TRINITRATE AND NITROGLYCERIN 
BY POLAROGRAPHIC METHOD 36 

This polarographic method is applicable to propellants that may contain nitro- 
cellulose, 2-nitrodiphenylamine, and dibutyl phthalate, in addition to the penta- 
erythritol trinitrate and nitroglycerin. 

Apparatus. Polarograph, Sargent Model XXI or Equivalent. 

Spectrophotometer, Cary Model XI, Beckman DU or Equivalent. 

Dropping Mercury Electrode.— The electrode should have a drop rate within the 
range 2 to 5 sec. per drop. The cell should be maintained at 30° ± 0.2°C., and be 
provided with a mercury pool anode. 

Reagents. Sodium Hydroxide Reagent.— Transfer 12.5 ml. of a 5 N aqueous 
sodium hydroxide solution to a 50-ml., glass-stoppered, volumetric flask, and dilute 
to the mark with 95% ethanol. 

Tetramethylammonium Chloride.— Dissolve 27.65 g. of the solid reagent in 175 
ml. of distilled water, transfer to a glass-stoppered 250-ml. volumetric flask, add 
5 ml. of a 1 to 1000 methyl red solution, and dilute to volume with 95% ethanol. 

Standard Solutions of Propellant Ingredients.— Make up standard solutions of 
nitroglycerin, pentaerythritol trinitrate, and 2-nitrodiphenylamine in appropriate 
concentrations in 95% ethanol so that aliquots of 0 to 5 ml. added to the 25-ml. 
reaction flask will cover the expected concentration ranges of the constituents in 
propellant samples. 

Procedure.— Weigh a 0.5-g. sample of the propellant, transfer it to a 50-ml. glass- 
stoppered volumetric flask, and add approximately 25 ml. of acetone. Place the 
flask on a mechanical shaker or shake by hand until the sample dissolves. Dilute 
the sample to volume with acetone. 

Total Sample.— Pipet a 5-ml. aliquot of the sample into a 25-ml. volumetric flask 
and dilute to volume with 95% ethanol. Pipet a 10-ml. aliquot of this solution 
into a 30-mi. polarographic beaker, add 10 ml. of the supporting electrolyte (tetra- 
methylammonium chloride), stir the solution, flush with nitrogen (previously 
scrubbed with 70% ethanol) for 5 min., and polarograph. Determine a second 
polarogram immediately and average the wave heights of the 2 polarograms. The 
wave obtained at approximately —0.82 volt (vs. mercury pool) is due to the nitro- 
glycerin, 2-nitrodiphenylamine, and pentaerythritol trinitrate in the sample. 

Reacted Sample.— Pipet a 5-ml. aliquot of the original sample into another 25-ml. 
flask and dilute almost to volume with 95% ethanol. Pipet a 1-ml. aliquot of the 
NaOH reagent into the flask, and dilute to volume with 95% ethanol. Shake the 
flask to ensure homogeneity, take a 10-ml. aliquot, and treat it in the same manner 
as the total sample. Polarograph the sample immediately after reaction, although 
the time is not critical. Again average 2 wave heights. The wave height at 
approximately -0.50 volt (vs. mercury pool) is due to the 2-nitrodiphenylamine 
and the pentaerythritol trinitrate in the sample. 

Preparation of Standard Curve by Standard Addition Technique.— Dissolve a 
0.5-g. sample of the propellant in acetone as in the regular procedure, and pipet 
a series of 5-ml. aliquots into 25-ml. volumetric flasks. Make 6 series of standard 
addition solutions, 2 for each of the following ingredients: pentaerythritol trini- 
trate; nitroglycerin; and 2-nitrodiphenylamine, using 0.5 ml. of the standard in- 
gredient solution added to the 5-ml. propellant solutions in the 25-ml. flasks. 

sc Based on the method described by Ayres, W. M., and Leonard, G. W„ Anal Chem 
31 , 1485 , 1959 . 
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Treat 1 series for each ingredient by the “total sample ’ procedure, the other set® 
by the “reacted sample” procedure No senes is needed for dibutyl phthalate untt 
it does not interfere in the determinations Express wave heights as microampere* 
and correct for the presence of the propellant Plot these wave heights against 
concentration to provide the standard working curses 

Calculation of Results.— Polarographic nates for pentaerythritol trinitrate, nitro. 
glycerin, and 2 nitrodiphenylamine overlap While the reaction with base destroy 
the nitroglycerin wave, the waves for both pentaerythritol trinitrate and 2 intro- 
diphenylamtne are shifted in potential but not destroyed Hence, when 2 mttodi 
phenylamine is present in the propellant sample being analyzed for nitroglycerin 
and pentaemlmtol trinitrate, it is necessary to determine the 2 nitrodiphenylamine 
by an independent method (eg , spectrophotometrically) and then apply a suitable 
correction to both the total and reacted wave heights The amount ol correction 
is obtained by reference to the standard polarographic curses of the 2nttrodi 
phenylamine 

The pentaerythritol trinitrate content of the sample is found from the wavt 
height of the reacted sample after correction for 2 nitrodiphenylamine The nitro- 
glycerin content is determined from the total sample wave height after correction 
for the 2 nitrodiphenylamine and pentaerythritol trinitrate present Pentaerythritol 
tetram trace, present in the trinitrate as impurity will be included in the trinitrate 
determination values, since the polarographic method does not differentiate between 
the 2 compounds 

PHTHALATE ESTERS BY GENERAL METHOD, GRAVIMETRIC 
OR TITRIMETRIC*- 

The method described here is suitable for determination of dimethyl diethyl 
dibutyl, or dioctyl phthalate in propellants containing, in addition to the phthalate 
nitroglycerin, nitrocellulose, dimtrotoluene, ehphenylaminc 2 nitrodiphenylamine 
ethyl ccntrabte, and triacetin 

Reagents. Anhydrous Ethanolic Potassium Hydroxide, Approximately 0 5 A- 
Prepared from “purified from ethanol grade KOH, and ethanol containing not 
more than 0 5% w aier 

Potassium Carbonate, 10% Solution. 

Anhydrous Diethyl Ether-Ethanol (1 1 by vol.) Wash Solution —Maximum water 
content 0 25% 

Acetic Acid, Dilute, 65 to 70% by Volume 

Copper Sulfate, Saturated Solution in Water. 

Crystal Violet Indicator, 0.1% m Glacial Acetic Acid. 

Perchloric Acid, 0.1 N Standard Solution —Prepared by adding 0 ml of 70% 
perchloric acid drop by drop to 50 ml acetic anhydride kept chilled during 
preparation The resulting solution is diluted with 720 ml of glacnl acetic acid 
and aged for 2 weeks It is standardized against potassium hydrogen phtluhte w 
glacial acetic acid with crystal violet as indicator 

Procedure, Gravimetric.— An accurately weighed sample of about 2 g of propd 
Iant is placed in a small paper thimble, covered with a plug of glass wool, and 

sr Based on the method described by Stalcup, Harry, McCollum, Frank, and Hhiinu 11 . 
C L , Anal Chem , 20, 1479, 1957 



PROPELLANTS 1397 

extracted with methylene chloride for 3 hr. in a Soxhlet apparatus with a 250-mi. 
refluxing flask. The methylene chloride is removed by evaporation (air jet), and 
25 ml. of 65 to 70% acetic acid are added to the flask. The solution is heated 
to 70°C., a few drops of saturated copper sulfate are added, and the flask is stoppered 
and then swirled occasionally during a 15 min. period. During the 15-min. period, 
5 g. of zinc dust are added in small portions. 

The hot solution is filtered through a medium-porosity, fritted-glass Buchner 
funnel into a 500-ml. sepal atory funnel (pieferably with Teflon stopcock) contain- 
ing 250 ml. of water. The flask and filter are linsed caiefully with two 10-ml. 
portions of hot 65 to 70% acetic acid, and about 75 ml. of methylene chloride from 
a wash bottle. The separatory funnel is shaken lor about 1 min., and the 2-phase 
mixture is allowed to separate. The lower layer (containing phthalate) is trans- 
ferred to a 500-ml. Squibb-type separatory funnel (preferably with Teflon stopcock). 
Fne ml. of additional methylene chloride are added to the first separatory funnel 
and, without shaking, the lower solvent layer is transferred to the second separatory 
funnel. The acetic acid in the first funnel is then extracted twice by shaking with 
25-ml. portions of methylene chloride, these extracts being added to the second 
funnel. The acid in the first funnel is then discarded. 

Fifty ml. of 10% K-jCO-j solution are then added to the second separatory funnel 
containing the combined methylene chloride extracts. The funnel is shaken vigor- 
ously to neutralize all acetic acid present in the methylene chloride. A test is made 
with indicator paper to make sure an excess of K 2 C0 3 is present. The methylene 
chloride is transferred to a 250-ml. iodine flask. The K.,C0 3 solution is washed 
several times by shaking with 10-ml. portions of methylene chloride, care being 
taken at all times to lose none of the phthalate and to prevent any carbonate 
solution entering the iodine flask. 

The methylene chloride in the iodine flask is evaporated on a steam bath with 
the aid of a small jet of dry air until no odor of the volatile solvent is detectable. 
1 he flask is immediately removed at this stage, and 25 ml. of 0.5 N KOH solution 
in anhydrous alcohol are added. The flask is loosely stoppered (glass) and heated 
in a water bath at 60° to 70°C. for 1 hr. 

The stopper is removed, the flask is cooled to room temperature, and 25 ml. 
of dry diethyl ether are added. The contents of the flask are filtered by suction 
through a medium-porosity, fritted-glass crucible, which has been previously weighed, 
inside a tared, stoppered, weighing bottle. The crucible is washed with absolute 
diethyl ether-ethanol (1:1). Except at the end of filtration, the precipitate should 
not be drained dry of solvent, because atmospheric moisture can dissolve some 
of the phthalate salt. Completion of removal of KOH by the washing process is 
tested lor with a drop of phenolphthalein indicator. The crucible is heated lor 
1 hr. at 210°C. in an oven, comerting the dipotassium phthalate alcoholate to di- 
potassium phthalate. The crucible is cooled in a desiccator for at least I hr., and 
weighed in the tared weighing bottle. The material weighed in the crucible con- 
sists of the dipotassium phthalate plus a small amount of K,C0 3 impurity. Correc- 
tion for the impurity is made by dissolving the crucible contents in warm neutral 
distilled water, and titrating with 0.05 N HC1 to the phenolphthalein end point. 
Milliliters of standard acid consumed times its normality times 0.1382 = grants 
KXO.,. n 
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_ , , FXPX 100 

Phthalate ester, per cent = — 

where F = factor for converting dipotassium phthalate to the phthalate ester of the 
propellant, 

P = weight of dipotassium phthalate after correction for carbonate content m 
grams, 

W — weight of sample in grams, 

F for dimethyl phthalate = -yj— ^ = 0 85 (the factor being adjusted to compen 

sate for a recovery of about 94% on synthetic samples of known dimetty 
phthalate content), 

F for diethyl phthalate — 0 917, 

F for dibulyl phthalate = 1 148, and 
F for diocty 1 phthalate = 1 610 

Procedure, Titnmetrtc —The gravimetric procedure described above is followed 
through the stage where the precipitate of dipotassium phthalate alcoholate com 
plex has been washed free from potassium hydroxide with absolute ether ethanol 
The solvent wet precipitate is washed into a 250 ml Eilenme>er flask with 30 ml 
of glacial acetic acid Five drops of crystal violet indicator are added and the 
solution is titrated with standard perchloric .acid m glacial acetic acid The end 
point color change is from violet to blue For buret reading temperature correc 
tions (when sample titration is at a temperature different from that of the stand 
ardization) the factor 0 001 1 ml per milliliter per degree centigrade is used 

„ Ll , V X NX M 

Phthalate ester, per cent 

where V = standard perchloric acid solution m milliliters, 

N — normality of standard perchloric acid solution, 

M — molecular weight of the phthalate ester, and 
W = weight of sample taken for analysis in grams 

POTASSIUM SALTS, AS SULFATE 
See ' Sulfates by Gravimetric Methods ’ below p 1400 

POTASSIUM BY FLAME PHOTOMETER 
See * The Flame Photometer Procedure (Ca, Ika k) ' p 1376 

POTASSIUM NITRATE BY NONAQUEOUS TITRATION 

This titration method is applicable to propellants that may contain the follow 
mg ingredients nitrocellulose, nitroglycerin, diethyl phthalate, ethyl centralite 
and potassium nitrate, the latter in the range 0 5 to several per cent 

Apparatus. Tnrimeter or pH Meter.— Equipped with glass and calomel elec 
trodes. 

Buret System— Buret with Teflon stopcock and a reservoir with the air inlet 
protected by a drying tube 

Reagent. Perchloric Acid, 0 02 IV Standard Solution in p Dioxane or Gla 
cial Acetic Acid.— Standardized against potassium acid phthalate (oven dried 1 b r 
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at 105°C.), dissolved in warm glacial acetic acid. Normality of the perchloric 
gr ams of potassium acid phthalate 
aCl ~ 0.2042 X milliliters of perchloric acid. 

Procedure .— Approximately 250 ml. of glacial acetic acid are transferred to a 
300-ml., tail-form beaker, and brought to a vigorous boil on a hot plate. The beaker 
is removed from the hot plate, 5 g. ot accurately weighed sample are added, and 
the beaker is returned to the hot plate. Boiling is continued for 15 min., adding 
more acetic acid if necessary, to keep the volume in the beaker at 150 ml. minimum. 
The beaker is then removed from the hot plate, and the contents are titrated im- 
mediately with 0.02 N perchloric acid, with agitation provided by a magnetic stirrer 
with a Teflon-coated bar. 

10.1 \NV 

Potassium nitrate, per cent = — — (See Eq. 32-2.) 

W 

The electrodes are washed with acetone and dried before and after each titration. 
The calomel electrode is protected by a rubber membrane or by sleeve vent extru- 
sion (depending on type of electrode used) against excessive entry of solvents and 
consequent contamination of the potassium chloride electrolyte. 

POTASSIUM SULFATE BY NON AQUEOUS TITRATION 

This titration method is applicable to propellants that may contain potassium 
sulfate in the range 0.5 to several per cent, and the following ingredients: nitro- 
cellulose; nitroglycerin; dinitrotoluene; ethyl centralite; dibutyl phthalate; di- 
phenylamine; lead stearate; carbon black; and graphite. 

Apparatus and Reagents .— These are the same as those used above for determina- 
tion of potassium nitrate. 

Procedure .— An accurately weighed sample of the propellant, which will con- 
tain about 0.1 g. of potassium sulfate, is gradually transferred to a 500-ml., tail- 
form beaker containing 75 ml. of chilled morpholine (Hood). 

Caution.— Morpholine is highly flammable; if finely divided propellant is rapidly 
added to warm morpholine, fire may result from the exothermic reaction. 

The beaker is covered with a watch glass, and is placed on a steam bath if 
external heat is necessary to initiate reaction. When solvent action is complete, 
the liquid is decanted through a 12.5-cm. fine textured filter paper in a porcelain 
vacuum-filtration funnel, retaining in the beaker as much of the potassium sulfate 
(insolubles) as possible. The insolubles in the beaker and filter are rinsed with 
five 5-ml. portions of morpholine. Morpholine on the lip of the beaker or on 
outer surfaces is collected on a small piece of filter paper and added to the filter 
in the funnel. This filter is asperated to dryness, transferred to a glass funnel, 
and the apex is pierced. The beaker, after drying for about 20 min. at room 
temperature, is placed under the glass funnel, and the filter paper is washed with 
about 70 ml. of boiling hot distilled water. If a stirring rod was used it is rinsed with 
water and removed from the beaker. The beaker is heated on a hot plate until the 
solution is evaporated to dryness, care being taken to avoid spattering. Approxi- 
mately 400 ml. of boiling glacial acetic acid are then added to the beaker and 
boiled for 30 min., the volume being maintained at a minimum of about BOO ml. 
by adding more hot acid when necessary. The beaker is removed from the hot 
plate, and the watch glass and sides of the beaker are washed down with acetic 



1400 


EXPLOSIVES AND PROPELLANTS 


acid The potassium sulfate is then titrated with 0 02 N perchloric actd p dioxane 
solution to a potentiometric end point 


Potassium sulfate, per cent = 


17 426 AT 

w 


(See Eq 32-2 ) 


POTASSIUM SALTS BY THE TETRAPHESYl BORON METHOD « 
Reagents. Aluminum Chloride, 0 2 M Solution (5 g per 100 ml Distilled Water) 
Sodium Tetraphenylboron, 3% Solution —Nine g of sodium tetraphenylboron 
are dissolved in 300 ml of distilled water, 2 ml of 0 2 M aluminum chloride are 
stirred in, and the solution is allowed to stand 30 min It is then filtered into a 
polyethylene or Pyrex bottle 

Potassium Tetraphenylboron (Retrystalizeel from Acetone), Saturated Aqueous 
Solution 

Procedure.— When btrium salts are present in the propellant, the filtrate from 
the determination of barium as the sulfate is used for the potassium determination 
(see “Barium Nitrate or Other Barium Salts," p 1375) 

When lead salts are present in the propellant, the filtrate from the gravimetric 
determination of lead as the sulfate is used (see “The Sulfate Method,” under 
Lead Compounds ’ p 1389) 

When neither lead nor barium is present the sample is digested with 65 to 70% 
CHjCOjH, HNOjj, and H_50 4 as described for the determination of lead as 
sulfate, repeating the nitric acid treatments until a colorless or nearly colorless 
solution is obtained when white fumes of sulfur trioxide appear 
i In any case, the sulfate solution is evaporated to white fumes of sulfur trioxide 
rand then heated until fuming ceases An aliquot containing about 75 mg ol 
'the potassium salts is suitable for their determination 

To the beaker containing the potassium salt 100 ml of distilled water 5 to 6 
drops of 0 2 A/ aluminum chloride, and 3 to 4 ml of concentrated HC1 are added 
The solution is cooled to 0° to 5°C and then 20 ml of 3% sodium tetraphen)! 
boron solution (cooled to 0° to 5°C ) arc added l>) pipet while the solution is 
stirred The precipitate is allowed to settle for 5 min , and is then filtered by sue 
tion through a tared medium porosity, glass filtering crucible, maintaining slot' 
continuous flow at all times during the filtration. The beaker and crucible are 
rinsed with four or five 20 ml portions of a saturated aqueous solution of pons 
sium tetraphenylboron at room temperature, and once with 10 ml of cold dis 
tilled water (0* to 5°C ) The crucible is dried at 120° i 2°C for 30 min , cooled 
in a desiccator, and weighed 

Weight of precipitate X 0 2822 = KNO3 
Weight of precipitate X 0 2432 - KjSO* 

SODIUM BY FLAME PHOTOMETER 
See “The Flame Photometer Procedure (Ca, Na, K)/' p 1576 

SULFATES BY GRAVIMETRIC METHODS 
Potassium sulfate is determined 111 some propellants by weighing as such, uulu 
mg either the filtrate fiom the determination of lead as the sulfate or, m the 
ss Based pauly on the findings of 5puiel k and Williams A F Analyst. 80, 317 1935 
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absence of lead, a filtrate prepared by the same preliminary wet-ashing procedure 
that is used for the lead determination, p. 1389. The filtrate is evaporated first 
in a beaker and then in a tared platinum dish. The dish is ignited at full-red 
heat over a Meker burner for 30 sec. and then cooled to room temperature. The 
residue in the dish is transferred quantitatively to a beaker using a distilled water 
jet and a rubber policeman. The solution is filtered through a rapid filter paper, 
re-evaporated, and reignited in the platinum dish. The dish is cooled in a desic- 
cator and weighed. The gain in weight above the tare weight of the platinum 
dish is taken as potassium sulfate from the sample taken for analysis. 

Sulfates from some propellants are determined by the conventional gravimetric 
determination as BaS0 4 , following extraction of the sample with hot water or hot 
dilute acid. 

The presence of calcium carbonate (or other calcium salts) in a propellant creates 
difficulties in the sulfate determination. Several procedures have been proposed, 
but no simple method has been found suitable for standard usage. 

TIN BY THE IODIMETRIC METHOD 

Reagents. Iron Wire, No. 36 Gauge, 99.8% purity. 

Antimony Chloride Solution.— Heat 3.5 g. of Sb 2 0 3 in 100 ml. of HC1 to com- 
plete solution, and then dilute to 500 ml. with distilled water. 

Procedure— An accurately weighed sample of about 2 g. of propellant is placed 
in a 250-ml. Erlenmeyer flask (equipped with a side tube for introduction of inert 
gas) and heated on a steam bath with 10-ml. of glacial acetic acid, 10 ml. of HN0 3 , 
and 5 ml. of H 2 S0 4 until solution is complete. Five ml. of H 2 S0 4 are added, 
and the flask is heated on a hot plate until dense white fumes of sulfur trioxide 
appear. More HN0 3 is added drop by drop until all carbonaceous matter has de- 
composed. The flask is cooled to room temperature, and the sides are washed down 
with a fine jet of distilled water. The flask is reheated on the hot plate until 
sulfur trioxide fumes cease. The flask is again cooled, and 50 ml. of distilled 
water, 50 ml. of HC1, and 100 ml. of antimony chloride solution are added. A 
piece of iron wire, weighing about 0.5 g., is added to the flask, and the flask is 
heated until the iron has completely dissolved. 

Inert gas (C0 2 or N 2 ) is passed through the inlet tube during the remainder 
of the determination. Twenty g. of metallic nickel are added to the flask, a 2-hole 
rubber stopper is inserted in the neck, and the flask is heated gently for 15 min. 
The flask is cooled in cold water. Five ml. of starch indicator solution are added, 
and the flask contents are titrated with 0.02 N iodine solution to the first perma- 
nent blue color. 


5 935 NV 

Tin (Sn), per cent = - ' — (See Eq. 32-2.) 

TIN AND GRAPHITE BY GRAVIMETRIC METHOD 
Procedure.-A 3- to 5-g. sample of propellant, in a 300-ml. tail-form beaker 
covered with a ribbed glass, is moistened with 5 to 10 ml. of water, and 40 to 50 ml. 
of 70% HN0 3 are added. The beaker is gently heated until decomposition is 
complete, and then the solution is boiled until its volume is reduced to 10 ml. 
The cover glass and inner walls of the beaker are washed down with 5% HN0 3 
and the solution is filtered through a tared Gooch crucible. The precipitate in 
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the crucible is thoroughly washed with warm distilled water, and the fdbate u 
discarded (Caution— Do not allow nitric acid and acetone to come together) 
The precipitate is washed with acetone and then again with warm distilled 
water The crucible is dned m an oven at 550 °C for 40 min , is cooled m a 
desiccator and weighed 

The crucible is then ignited in a muffle furnace at 800°C for 1 hr, cooled, and 
reweighed 


Tin (Sn), per cent — 


Graphite, per cent = 


78 77 (C - A ) 
\V 

ioo(g - o 
w 


where A = tan; weight of crucible in grams, 

B = weight of crucible and precipitate after drying at 350°C , in grams, 

C — weight of crucible and precipitate after ignition at 800°C , in grams, and 
W — weight of sample taken for analysis in grams 

TIN DIOXIDE BY VOLATILIZATION 
Procedure —A 2g sample of propellant is gently heated in a 250 ml Erlenmeyer 
flask with 30 ml of HNO a until complete decomposition has taken place and the 
volume is reduced to 10 ml The side walls of the flask are washed down with 20 
ml of 5% HNOj and the contents of the flask are filtered through a rapid qurnti 
ntne filter paper The paper and residue are washed with hot distilled water 
transferred to a porcelain crucible, and the paper is slowly charred by heating at 
about 315°C The crucible is then ignited in a muffle furnace at 800° to 825°C 
cooled, and weighed It is reignited until constant weight (within 3 mg) is 
achieved One half g of ammonium iodide is added to the crucible and mixed wall 
the residue The crucible is then ignited in a muffle furnace at 430° to 470°C 
until fuming has ceased (about 15 min) After cooling the volatilization with 
ammonium iodide is repeated After cooling the crucible again, 3 ml of HNOj 
are added and carefully evaporated to dryness on a hot plate The crucible is 
then heated to constant weight in a muffle furnace at 800° to 825°C 
A blank is run on the ammonium iodide reagent by the volatilization procedure 


Tin dioxide (SnOj), percent = 


(A - V-hB) 100 
W 


where A = weight of crucible and residue (SnOj) just prior to volatilization with 
ammonium iodide, in grams, 

V = weight of crucible after volatihzation, m grams, 

B — blank in grams, and 

IV = weight of sample taken for analysis in grams 
TRIACETIN BY CHROMATOGRAPHIC ACID HYDROLYSIS METHOD *• 
This chromatographic acid hydrolysis procedure is applicable to double base 
propellants, and is suitable when any of the following ingredients, in addition to 
the triacetin, are present nitrocellulose, nitroglycerin, dibutyl phthalate, dioctyl 

39 Based on the method described by Watts, J D , and Stalcup, Harry, Anal Chem , 28, 
975, 1956 



phthalate; ethyl centralite; 2-nitrodiphenylamine; diphenylamine; and dinitro- 

toluene. . 

Apparatus. Chromatographic Tube.— The tube should be 35 mm. m diameter 
and at least 200 mm. long (or Size No. Ill chromatographic tube with fritted-glass 
disc sealed to inner joint connection). 

Suction-Filtration Apparatus. 

Soxhlet Unit.— An all glass unit with siphoning-cup capacity of 25 to 40 ml. 

Solvents. Methylene Chloride, Redistilled (Fisher Reagent Grade). 

Diethyl Ether, Anhydrous.-Redistilled from sodium hydroxide pellets. 

Acetone, Analytical Reagent Grade. 

Methanol, Technical Grade. 

Reagents and Solutions. Solution A.— A solution containing 5% hydroxylamine 
hydrochloride in 10% potassium hydroxide is freshly prepared each week. 

Solution B.-A solution containing 2% ferric chloride in 1 .0 N hydrochloric acid 
is prepared as required. 

Adsorbent Test Solution.— An adsorbent test solution is prepaied by dissolving 
0.20 g. of triacetin (reagent-grade) and 0.033 g. of 2-nitrodiphenylamine (reagent- 
grade) in 30 ml. of redistilled methylene chloride. 

Adsorbent.— Two parts by weight of silicic acid, Baker or Mallinckrodt (9% 
water), are thoroughly mixed with 1 part of Celite (Johns-Manville Hyflo Super- 
Cel). 

Preparation of Adsorbent.— A large quantity of the adsorbent is washed with 
solvents to remove any soluble material, then it is dried, heated, and stoied ready 
for use. Used adsorbent should be washed in the same manner. 

A 90 by 90 mm. fritted-glass, Buchner funnel, assembled to a suction-filtiation 
apparatus, is prepared. Widt the suction applied from a water aspirator or other 
source of vacuum, the adsorbent is slowly added and packed until the funnel is 
filled to within 0.25 in. of the top. The surface of the adsorbent is then smoothed 
and packed with the flat end of a wooden rod prior to the addition of the solvents. 
With the suction still applied," the following solvents are added in the order 
listed, each new solvent being added just before the top of the column goes diy: 
1-V diethyl ether; 1-V acetone; and 1-V methanol; V being defined as the minimum 
quantity of liquid required to wet the entire adsorbent. 

The adsorbent is removed from the funnel and air-dried until practically all 
solvents are evaporated; it is then heated in an oven for 24 hr. at 150° to 160°C. 

The adsorbent may be stored in 0.5-gal. Mason jars, containing a few pebbles 
from 0.5 to 1 in. in diameter, to facilitate complete breakdown of any lumps. The 
material is shaken vigorously to fluff it, and is transferred to another jar just prior 
to use in the column. 

Preparation and Adsorptive Test of Chromatographic Column.— A chroma- 
tographic tube, about 35 mm. in diameter and between 200 and 250 mm. long, is 
assembled to a suction-filtration apparatus. If the tube is not provided with a 
coarse porous disc, a plug of glass wool is inserted into the bottom. The adsorb- 
ent is added to the tube until a column about 12 cm. high is formed. Suction 
from a vacuum line (vacuum of about 10 mm. of mercury) is then turned on, and 
the top of the column is leveled. If the column height goes below 10 cm., addi- 
tional silicic acid is added until the column height is 10 cm. A poicelain porous 
disc is placed on top of the column. Suction is again applied, and the following 
solvents and solutions are added to the column in the ordei listed, each new solvein 



hydrochloric and liberated acetic acids are titrated with standard 0.1 N NaOH, 
phenolphthalein being used as the indicator. A blank is run on 25 ml. of the 
standard acid in the same manner as the sample. 

7.3N(V-B ) .... 

Triacetin, per cent = — (See Eq. 32-1.) 

COMPOSITE PROPELLANTS 

Cured composite propellants are difficult to analyze because of the reactions 
(e.g., crosslinking) that take place during curing, and the unfavorable character of 
the finished product with respect to solubility in solvents. Most of the analyses 
published to date are applied to ingredients used in manufacturing the composite 
propellants or to uncured propellants rather than to the finished products. Physi- 
cal tests (such as tensile strength) and thermodynamic tests (such as burning rate 
and heat of explosion) are relied upon more extensively in examining cured compo- 
site propellants than are chemical analyses at present. A number of the chemical 
methods that are in use are security-classified and cannot be included here. 

SAMPLE PREPARATION 

Some composite propellants can be ground in a Wiley mill with safety; others 
cannot. In some cases, suitable specimens for analysis can be produced by feeding 
dry ice to a Wiley mill along with small pieces of propellant. Samples containing 
powdered metals should not be ground in a Wiley mill because of their tendency 
to produce specimens with partially segregated metallic components. Grinding 
in the Wiley mill may also cause undesirable separation of the oxidizer component, 
even though no added metallic constituents are present. Microtoming is often 
advantageous because of safety factors and the thin shavings that can be obtained. 
Suitable samples are at times prepared by cutting thin sheet stock with shears, and 
often strands prepared for the burning-rate test are found to be convenient and 
are made abundantly available. 

SOLVENT EXTRACTION 

Extraction with water and with organic solvents is routinely applied to uncured 
composite propellants as the initial step in analysis after suitable comminution. 
For some types of cured propellant, inorganic nitrates or perchlorates may be 
satisfactorily extracted with water. The metallic component of some cured propel- 
lants is determinable gravimetrically after separation by standing for a consider- 
able period of time with an organic solvent or by a refluxing operation. Acetone, 
chloroform, pyridine, butyl acetate, and dimethylformamide are typical of the 
solvents occasionally found suitable. In all the methods of analysis described here, 
which call for a water-extracted ammonium or potassium salt, it should be remem- 
bered that direct Soxhlet or Wiley extraction with water is applicable only to cer- 
tain types of composite propellants. Methods for extracting propellants contain- 
ing asphaltic or rubber binders have not been available. Liquid-liquid extrac- 
tion methods may be found suitable in some cases. 

MOISTURE BY KARL FISCHER TITRATION 

Oven drying and carbon tetrachloride distillation methods are used to a limited 
extent for moisture in composite propellants, but the Karl Fischer titration is 
generally considered preferable. The latter is applied to both cured and uncured 
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specimens as -well as to the ingredients used in manufacturing the propellmt 
(For details of the procedure see Moisture by Karl Fischer Titration,” abo\ e , p 
1200) 


AMMO\IUM NITRATE OR AMMONIUM PERCHLORATE BY 
KJELDAHL METHOD 

Following extraction from the propellant with water, the ammonium nitrate 
or perchlorate is determined by the well known Kjeldahl distillation technique 
The extract is usually concentrated by boiling after addition of a slight excess of 
HjS 0 4 It is then placed in the distillation flask, a few pieces of mossy zinc are 
added an excess of NaOH solution is added and the liberated ammonia is distilled 
into a measured quantity of standard mineral acid solution or a saturated solution 
of boric acid The excess standard acid is back titrated with standard alkali or, i[ 
the boric solution is used the absorbed ammonia is titrated directly with standard 
acid Methyl red is used as indicator in either case 

8 005 AT 

Ammonium nitrate, per cent = jp — 

11 75 AT 

Ammonium perchlorate, per cent — — (See Eq 32-2 ) 

AMMONIUM NITRATE OR AMMONIUM PERCHLORATE 
BY THE FORMALDEHYDE METHOD 
Procedure — \n accurately weighed sample of about 5 g of propellant is extracted 
with distilled water in a Soxhlet or Wile) apparatus The extract is made up to 
250 ml in a volumetric flask and 50 ml of this solution are transferred to a 250-ml 
beaker containing 50 ml of 37 to 38% formaldehyde which has been neutralized 
by addition of 0 2 A' sodium hydroxide solution For the neutralization, 3 to 5 
drops of phenolphthalein or thymolphthalein are used as indicator, or the solution 
is brought with the alkali to a pH of 8 5 using a pH meter and glass and calomel 
electrodes The solution is titrated with 02 JV NaOH solution to a phenolphthal 
ein or potentiometric end point and then an excess of 2 ml of the standard alkali 
is added The beaker is covered and allowed to stand 45 min The solution is 
back titrated with 0 05 N standard HCI to a very faint pink end point with phe 
nolphthalein, or to pH 8 5 potentiometrically 


Atmnrraium nitrate, per cent = 


Ammonium perchlorate, per cent = 


8 005(AA r - BN') 
W 

It 75(AN - BN') 
IV 


where IP = grams of sample in aliquot 


(See Eq 32-4) 


AMMONIUM NITRATE BY NONAQUEOUS TITRATION 
Apparatus Titrimeter or pH Meter.— Equipped with glass and calomel elec 
trodes 

Buret System.— Buret with Teflon stopcock and a reservoir, with the air inlet 
protected by a drying tube 

Reagents Perchloric Acid, 01 N Standard Solution in Glacial Acetic Acid 
Sodium Acetate, 0 1 N Standard Solution m Glacial Acetic Acid 



PROPELLANTS 


1407 


Procedure —An accurately weighed sample of about 0.4 g. of propellant is di- 
gested in a 250-ml. beaker with 100 ml. of glacial acetic acid. and 10 ml. of acetic 
anhydride for 30 min. with magnetic stirring. An excess of the standard 0.1 N 
perchloric acid solution (e.g., 50 ml.) is added, the solution is stirred for 2 min., 
and the excess acid is back-titrated with the standard 0.1 N sodium acetate solution 
to a potentiometric end point. 


8.005(AiV - BN') 
Ammonium nitrate, per cent = — 


(See Eq. 32-4. 


AMMONIUM NITRATE BY FERROUS REDUCTION METHOD 
Procedure .— An aliquot from an acetic acid extraction (reflux and filtration) or 
distilled water extraction (Soxhlet or Wiley apparatus) of a propellant is taken, 
which will contain 0.2 to 0.4 g. of ammonium nitrate. The aliquot is diluted in a 
special titration flask (see Fig. 32-14) to a volume of 50 ml. with distilled water. 
A stream of inert gas (C0 2 ) is passed into the titration flask through the side arm 
at this stage, and is continued throughout the determination. Twenty-five hun- 
dredths g. of sodium chloride is added to the flask, and then 20.00 ml. of 0.4 N 
ferrous ammonium sulfate solution are added from a buret (protected by CO L >). 
From a dispensing buret, 30 ml. of concentrated H 2 S0 4 are added with constant 
agitation by swirling. The flask is connected to a Graham reflux condenser, and 
the solution is brought to boiling on an electric hot plate and boiled for 5 to 10 
min. The flask is cooled, the flask-condenser connection loosened slightly, and the 
condenser washed down by pouring 30 ml. of water into the top of the condenser. 
The flask contents are then titrated with 0.2000 N potassium dichromate solution 
using ferroin as indicator. 


A • • 2.668N(B -A) „ 

Ammonium nitrate, per cent = — (See Eq. 32-3.) 

where W = grams of sample in aliquot. 

MIXED OXIDIZERS, AMMONIUM NITRATE , AND AMMONIUM 

PERCHLORATE 

Propellants containing both ammonium nitrate and ammonium perchlorate may 
be analyzed for each component separately, or one only of the components may be 
determined directly and total oxidizer content determined by the Kjeldalil or for- 
maldehyde procedures. The ferrous reduction or the nonaqueous titration method 
is suitable for determining ammonium nitrate in the presence of the perchlorate, 
and the fusion-Volhard procedure is valid for determining the chlorate in presence 
of the nitrate. 



Appendix A 


PARTIAL LIST OF SPECIFICATIONS 
AND ABBREVIATIONS RELATED 
TO EXPLOSIVES, PROPELLANTS, 
OR THEIR INGREDIENTS 


1 he milt tars specifications listed below were consulted in the prepiranon ol this 
chapter The list also shows some of the abbreviations (other than chemicj) s)m 
bols) that are commonly applied to materials used in the explosives industry 


Material 

Aluminum 
\mmomum nitrate 
Ammonium perchlorate 
Ammonium picrate 
Antimony sulfide 
Barium carbonate 
Barium chromate 
Barium nitrate 
Barium peroxide 
Barium stearate 
Calcium oxalate 
Calcium stearate 
Carbon black 
Cellulose acetate 

Cellulose nitrate (“nitrocellulose’ ) 
Composition B 
Copper (poi t dered) 

C> cloietrameth) lenelctranitrammc 

Cyclotrimethylenetrmitrairunc 

Diazodinitrophenol 

Dibutyl phihalate 

Diethyleneglycoldmitrate 

Diethyl phihalate 

1,1-Dimelhylhydrazine (unsymmetncal) 
Dimethyl phihalate 
Dmiiroethylenediamine (Haleite) 

Di nitroglycerin 
Dinuiotoluene 


Abbreviation Specification 


— 

JAN-A 289, 512, 667 

AM 

JAN A-175 

AP 

JAN-A-192 

— 

JAN A 166 A 

— 

JAN-A-159A 

— 

JAN B 624 

— 

/AN-B-550 

— 

Mil B 162B 

— 

JAN B 153 

— 

J AN-B-366 

— 

JAN C 628 

GaSt 

— 

CB 

JAN G 306 

c\ 

— 

NC 

JAN-N-244 

Comp B 

JAN C 401 

— 

JAN C 768 

HMX 

— 

RDX 

JAN-R 398 

DDNP 

JAN-D-S52 

DEP 

JAN D 218 

DEGDN 

— 

DEP 

JAN D-242 

UDMH 

Mil-D 25604B 

DMP 

JAN-D 709 

ldn\ 

— 

dmg 

— 

DM 

JAN D 204 
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Material 

Dioctyl phthalate (di-2-ethyIhexyI 
phthalate) 

Diphenylamine 
Ethyl centralite 
Ethylencglycoldinitrate 
Ethylene oxide 

Glyceryl trinitrate (nitroglycerin) 

Graphite 

Hexachlorethane 

Hydrazine 

Hydrogen peroxide 

Iron oxide, ferric 

Iron oxide, magnetic 

Lead azide 

Lead chromate 

Lead dioxide (peroxide) 

Lead stearate 
Lead styphnate 
Magnesium (powdered) 

Magnesium stearate 
Manganese (powdered) 

Mercury fulminate 
Mononitrotoluene 
Nickel (powdered) 

Nitric acid, fuming (red and white) 

2-Nitrodiphenylamine 

Nitrogen dioxide (dinitrogen tetroxide) 

Nitroguanidine 

Oxygen 

Pentaerythritol tetranitrate 
Pentaerythritol trinitrate 
Phosphorous, red 
Phosphorous, red, stabilized 
Picric acid (2,4,6-trinitrophenol) 
Polypropylene glycol 
Potassium chlorate 
Potassium nitrate 
Potassium perchlorate 
n-Propyl nitrate 
Sodium nitrate 
Sodium oxalate 
Strontium peroxide 
Sucrose octanitrate (nitrosugar) 

Sulfur 

Tetranitrodiglycerin 
Tin (pulverized) 

Toluene diisocyanate 
Triace tin 


Abbreviation Specification 


DOP 

Mil-D-13796 

DPA 

JAN-D-98 

EC 

JAN-E-255 

EGDN 

— 

— 

Mil-P-8845 ASG 

NG 

JAN-N-246 

— 

JAN-G-155 

— 

JAN-H-235 

— 

MiI-H-26536 

— 

Mil-H-16005G 

— 

JAN-I-706 

— 

JAN-I-275 

— - 

Mil-L-3055 

— • 

JAN-L-488 

— 

JAN-L-376 

PbSt 

— 

— • 

Mil-L-16335, 17186 

— 

JAN-M-382A 

MgSt 

JAN-M-542 

— 

JAN-M-476A 

— 

JAN-M-219 

MNT 

— 

— 

JAN-N-412A 

RFNA, WFNA 

MH-P-7254E 

2NDPA 

Mil-N-3399 

— 

Mil-P-26539-(USAF) 

tentative 

no 2 g 

JAN-N-494 

— 

Mil-P-25508 

PETN 

Mil-P-387A 

PETriN 

— 

— 

JAN-P-211 

— 

JAN-P-670 

— 

JAN-A-187 

PPG 

— 

— 

JAN-P-150 

— 

JAN-P-156-A 

— 

JAN-P-217 

— 

Mil-N-8722A (USAF) 

— 

JAN-S-322 

— 

JAN-S-210 

— 

JAN-S-612 

SON 

— 

— 

JAN-S-487 

TNDG 

— 

— - 

JAN-T-458 

TDI 

— 

TA 

JAN-T-301 
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Material 

Tnmtrophem lmeth% Initramme(tetryl) 
T rmiirotoluene 
Zinc (dust) 

Zinc oxide 

Zirconium (powdered) 


Abbreviation Specification 

— JAN-T-339 

TNT JAN-T-248 

JAN-Z-365 
JAN-Z-291B 
JAN-Z-399A 



Chapter 33 


NATURAL FATS 


By Virgil C. Mehlenbacher 

Qualit) Assurance Department 
Stvift and Co. 

Chicago, 111. 


SAMPLING 1 

Bulk oil is best sampled if the product to be sampled is completely liquid and 
thoroughly mixed. In such cases, a core sample or even a sample dipped from the 
tank while the oil is undergoing vigorous agitation will be representative. 

Settled material including water and solid impurities, when concentrated at the 
bottom of a tank, are difficult to reconstitute in proportional quantities. The con- 
tour of the tank must be taken into account. If the bottom of the tank is smaller 
than the middle, as in the case of a tank car, a simple core sample is not representa- 
tive unless the contents are well mixed. To overcome this, tire number of portions 
from each section (e.g., each 1-foot level) should be regulated in reverse order to 
the cubical capacity of each section. For example, if the bottom 1-foot section is 
one-fourth the capacity of the middle 1-foot section, then one 1-foot sectional 
sample should be drawn from the bottom level and four 1-foot sectional samples 
from die middle section. These portions are then composited into one sample and 
mixed. 


TANK CARS-LIQUID CONTENTS 2 

The sampler is a metal tube with a 2-inch diameter throughout. The length 
must be sufficient to take a cross-section dirough the entire depth of oil which is 
about ten feet for tank cars. One end of the trier is fitted with a tight valve which 
allows an unrestricted opening two inches in diameter when fully opened and free 
from leaks when closed. The valve is opened and closed by means of a rod from 
the top of the trier. The trier is so constructed as to take a sample within in. 
(or less) of the bottom of the tank. Such a sampler suitable for tank cars may be 
obtained from die Refinery Supply Company, Tulsa, Oklahoma. 

Procedure .— Lower the oil trier vertically through the oil at a uniform rate with 
the bottom valve completely open so that 10 to 15 seconds will be required to reach 
die bottom of the car. It is necessary that the trier be lowered slowly into the oil, 
so that the levels of oil inside and outside of the trier remain die same. Otherwise, 
an unduly large portion will be drawn from the bottom which is likely to contain a 

i Ameiican Oil Chemists’ Society, Official and Tentative Methods, 2nd ed., Chicago, 1946. 

-Method of the National Cottonseed Products Association and the National Soybean 
Piocesseis Association. 
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The % inch bleeder line is % inch standard pipe with a slight downward slope, 
located in a vertical section of thepumping line through which the product is con- 
tinuously flowing upward to the individual tank or tank car being sampled. 1 he 
sample line should be located as far away from elbows or tees as possible, should 
penetrate to the center of the pumping line, should be cut beveled at the end 
looking downward, and should discharge into a sample tank or drum as illustrated 
in the accompanying sketch. The sample line should not have a petcock. 



The metal sample tank or drum is of approximately 50-gallon capacity having a 
suitable metal cover, and an inverted cone bottom welded securely in place. Just 
above the bottom of the drum a % inch draw-off line equipped with petcock is 
installed, and is used for obtaining the required sample(s) from the gross sample. 
To facilitate complete draining and easy cleaning, the bottom of the drum should 
be replaced by a securely welded inverted cone bottom having an apex angle of 
approximately 120°, the other two angles with the horizontal being about 30° each. 
To prevent loss of solvent by evaporation, a suitable metal cover, with slots or 
holes to permit insertion of sampling pipe and mixer shaft, should be placed over 
the sample tank during the sampling and mixing operation. 

Prior to the start of the pumping period, the sampling equipment should be 
examined and the draw-off line closed. During the pumping period it should be 
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Table 33-1. Additional Methods Employed for the 
Determination of Water in Natural Fats 


Method 1 

Sample (Grams) 

Procedure 

Air Oven at 101 °C. 

5 

Dry for 30-minute periods until 
loss does not exceed 0.05% in 
one period. 

Vacuum Oven at 20-25°C. 
above boiling point of 
water at operating pressure 

5 

Dry for 60-minute periods until 
loss does not exceed 0.05% in 
one period. 

Distillation 

Depends on HoO 
content 

Distil with toluene in Bidwell- 
Sterling apparatus. Measure 
■water collected in receiver. 


HOT PLATE METHOD 

Procedure. 1 — Weigh 5 to 20 grams of well mixed sample into a dried and tared 
150-ml. beaker. Place the beaker containing the sample on a hot plate and rotate 
the beaker gently to avoid spattering. The approach of the end point is judged 
by the cessation of rising bubbles of steam as well as by the absence of foam. The 
end point may also be determined by placing a clean watch glass over the beaker. 
Condensation on the watch glass due to the evolution of steam from the sample 
indicates that moisture is still present. Do not allow the temperature of the sample 
to exceed 130°C., but when the apparent end point has been reached heat the 
sample momentarily to the point of incipient smoking. Discontinue heating im- 
mediately at this point and cool and weigh the beaker and contents. 

nt . . . , ... Wt. of residue X 100 

% Moisture and volatile matter = — — — — : 

Wt. of sample. 

THE KARL FISCHER TITRIMETRIC METHOD 

Reagents. Solution A.— Add 180 g. of sulfur dioxide to 1800 ml. of a mixture of 
pyridine and methanol (1 + 1, v/v), previously cooled to about 4°C. Add the gas 
to the liquid through a glass tube arranged to discharge below the surface of the 
liquid. If the solution becomes hot, interrupt the flow of gas and cool the solution 
before proceeding. When sufficient gas has been added, stopper the flask with a 
rubber stopper fitted with a drying tube and adjust the contents to room tem- 
perature. 

Solution B — Dissolve 120 g. of iodine in anhydrous methanol and then make to 
a volume of two liters with anhydrous methanol. 

Solutions A and B described above should be maintained in bottle and buret 
assemblies well protected with drying tubes to prevent the absorption of water 
from the atmosphere or from any other source. Also, it is advisable to minimize 
exposure to atmospheric moisture of the sample and any part of the apparatus 
coming in contact with the reagents or sample during the determination. 

Standardization of Solutions.— Measure accurately from a buret 25.0 ml. of solu- 
tion A into a clean dry flask. Insert a l-hole stopper into the neck of flask and 
connect directly to the buret containing solution B with suitable connections so 
that the titration can be performed with a minimum of contact with the atmos- 
phere. Titrate, stirring or shaking during the titration, to the appearance of a 
red color that persists for 10 seconds. Add solution B slowly (0.2-ml. increments) 
when approaching the end point. Add 0.05 g. of water using a weighing buret 
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FREE FATTY ACIDS 

The method described below for the determination of free fatty acid content is 
applied to animal and vegetable fats and oils. 


Table 33-2. 


FFA Range 

Grams of Sample 

Ml. of Alcohol 

N of Titrant 

0-0.2 

56.4 

50 

0.1— NaOH 

0.2-1 .0 

28.2 

50 

0.1— NaOH 

1.0-30.0 

7.05 

75 

0.25— NaOH 

30.0-50.0 

7.05 

100 

0.25 or 1.0 — NaOH 

50.0-100 

3.525 

100 

1.0— NaOH 


Procedure . 1 — Weigh the required quantity (see Table 33-2) of sample into a con- 
venient flask or bottle and add the indicated amount of neutral 95% ethyl alcohol. 
Add 1 ml. of 1% phenolphthalein in 95% ethyl alcohol. Warm the mixture 
slightly and titrate with standard sodium hydroxide solution to the first pink color 
which persists for 30 seconds. 


% Free fatty acids as oleic = 


Titration XIX 28.2 
Wt. of sample 


To calculate free fatty acids in terms of lauric or palmitic acids insert the values 
20.0 or 25.6 respectively in the place of 28.2 in the above equation. 

Free fatty acid content is sometimes expressed as the acid value. This value is 
defined as the mg. of KOH equivalent to the acidity of one gram of sample. To 
calculate % free fatty acid (as oleic) to acid value, multiply the former by 1.99. 


UNSAPONIFIABLE MATTER 

The unsaponifiable content of fats is usually defined as those substances which 
are soluble in the ordinary fat solvents, but which are not saponified by caustic 
alkalies. In normal fresh fats and oils these substances consist primarily of higher 
aliphatic alcohols, sterols, pigments and hydrocarbons. 

The petroleum ether extraction procedure has been used for many years in 
connection with the analysis of animal and vegetable fats and oils, particularly in 
the United States. The ethyl ether method, in its present form, is more recent. 
Both methods yield comparable results on ordinary fats containing the usual 
amount of unsaponifiable content. However, the petroleum ether method is not 
satisfactory for fats containing high unsaponifiable content, such as the marine oils, 
and other fats which for one reason or another may contain more than the usual 
amount of unsaponifiable matter. In the latter cases the ethyl ether extraction 
method yields more nearly the correct results. 


PETROLEUM ETHER EXTRACTION METHOD 1 
Apparatus.— Glass-stoppered extraction cylinder graduated at 40, 80 and 130 ml., 
height about 300 mm., diameter about 35 mm., capacity at least 150 ml. 

Procedure .- Weigh accurately about 5 g. of well mixed sample into a 100- or 
200-ml. Erlenmeyer or Soxhlet flask. Add 30 ml. of 95% alcohol and five ml. of 
aqueous potassium hydroxide (50% w/w). Boil gently but steadily under a reflux 
condenser for one hour or until the fat is completely saponified. 
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to separate completely and draw off the lower aqueous layer. Wash the ether 
twice more with 20-ml. portions of water, shaking vigorously each time and dis- 
carding the lower aqueous layers. 

Wash the ethyl ether solution three times with 20-ml. portions of about 0.5 N 
aqueous potassium hydroxide solution, shaking vigorously each time. Wash after 
each alkali treatment with 20 ml. of water. If an emulsion forms during this 
washing procedure, allow as much separation as possible, discard the clear aqueous 
layer, and proceed to die next step, leaving any emulsion in the separatory funnel 
with die ether layer. After the third washing with 0.5 N potassium hydroxide, 
wash the ether with successive 20-ml. portions of water until the washings are no 
longer alkaline to phenolphthalein. 

Transfer the ether solution to a 250-ml. beaker, rinsing the separator)' funnel 
and its pouring edge with ether and adding the rinsings to the beaker. Evaporate 
to about 5 ml. and transfer quantitatively, with the aid of several small portions 
of ether, to a 50-ml. Erlenmeyer or Soxhlet flask which has been previously dried 
and weighed. Place the flask on a steam bath to remove die ether. When practi- 
cally all of the ether has evaporated, add 2 or S ml. of acetone and remove all 
solvent completely by passing a gentle current of clean dry air through the warmed 
flask. Complete die drying to constant weight, preferably in a vacuum oven at 
75° to 80°C. with an internal pressure of not more than 200 mm. of mercury. Cool 
in a desiccator and weigh. 

After weighing, dissolve the contents of the flask in 2 ml. of ethyl ether and then 
add 10 ml. of 95% alcohol, previously neutralized to a faint pink color, using 
phenolphthalein indicator. Titrate with 0.02 N sodium hydroxide solution to the 
same final color. Correct the weight of the residue for free fatty acid content 
(1 ml. of 0.02 N NaOH is equivalent to 0.0056 g. of oleic acid). Also correct the 
weight of the residue for reagent blank obtained by conducting the determination 
in the same manner but omitting the sample. 

Calculation. 


% Unsaponifiable matter 


(wt. of residue — wt. of fatty acid — wt. of blank) X 100 
W t. of sample 


ASH CONTENT 1 

(This method should not be applied to bodied oils containing lead or zinc.) 

Procedure — Weigh accurately about 50 g. of the sample into a 100-ml. platinum 
dish. Apply heat gently until the fat can be ignited by application of a small flame 
to the surface. Continue applying just enough heat to keep the sample burning. 

When sufficient fat has been consumed to allow the addition of more, remove 
the heat source and allow the fat to cool until burning ceases. Then add another 
weighed portion and continue heating as before. Continue in this manner until 
a total of about 75 g. have been used. Continue heating until the residue assumes 
die appearance of a black charred mass and then heat in a muffle furnace at 550°- 
650°C. for one hour. 

Cool and weigh the residue and repeat heating, cooling and weighing until the 
weight is constant. 


% Ash 


Wt. of residue X 100 


Wt. of sample 
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METALS 5 

Contamination by metals of vegetable and animal oils and fats usually results 
from contact with equipment or from some other processing or handling operation. 
Except where added for a specific purpose as, for example, metallic driers, nmn 
metals exert an undesirable influence on the quality of glyceride oils Some metal* 
notably copper are especially deleterious 

I he metals most commonly found in fats and oils are usually present m small 
amounts such as a few parts per million so that the ordinary gravimetric and nm 
metric methods are unsatisfactory for their quantitative estimation The most 
useful techniques for this purpose are those based on colorimetry, polarography and 
spectroscopv Colorimetric methods are presented here for the determination o! 
nickel iron and copper since these are probably the metals most commonl) dc 
termined 

NICKEL 

Procedure .— Weigh 1, 10, or 50 g of sample into a 100 ml Vycor dish, depending 
upon the nickel content, as follows For less than 2 p p m of nickel weigh 50 g, 
for 2-10 p p m of nickel weigh 10 g and for 10-1 00 ppm weigh one g Pre 
pare die ash in a manner similar to that previously described but m this case the 
islnng temperature should not exceed 500°C and the time may be extended if 
neccssarv 

Add 1 ml of concentrated hydrochloric acid to dissolv e the ash Add more acid 
if necessary to dissolve the residue but keep the amount of acid at a minimum. 
Evaporate the solution almost to dryness at 1G0°C Do not allowr the solution to 
evaporate completely because this will result in volatilization of the nickel chloride 
and hence yield low results 

Dissolve the residue in distilled water and wash into a 50 ml glass stoppered 
volumetric flask The total volume must not exceed 15 ml Add to the flask 3 ml 
of saturated bromine water and allow to stand 1 minute Add amommum hydros 
ule (sp gr 0 00) a drop at a time until the excess bromine is destroved as indicated 
by the disappearance of the brown color Then add 5 ml of ammonium hy dioxide 

If iron is present in excess of 2 p p in (as Fe) the solution must be filtered at 
this point Dissolve the precipitate on the filter paper with a minimum of hydro- 
chloric acid (1 + I \/v) wash the filter paper with distilled water, and tolled the 
filtrate and washings in a beaker Rcprecipitate the iron with sufficient ammonium 
hydroxide (sp gr 0 00) to mike the solution definitely alkaline but avoid a large 
excess Rcfilter and wish the precipitate with distilled water, combine the filtrates 
and washings, evaporate to a volume of a few ml and transfer to a 50ml volu 
metric flisk Proceed from here in the regular manner 

Add 10 ml of dimethylgly oxime solution (0 1 g in 100 ml of 95% alcohol) fol 
lowed by 15-20 ml of 95% ethyl alcohol Mix thoroughly, make up to volume 
with distilled water and again mix thoroughly The reactions and color develop 
nient must be carried out in diffused light, avoiding bright light or direct sunlight 

Allow the solution to stand 5 minutes to permit the full development of color 
and then immedtatelv transfer a portion to a spectrophotometer cuvet and meas- 
ure the transmittance at 4-15 m/i after adjusting the spectrophotometer to read 
100% transmittance with an identical cuvet containing distilled water Prc 

s Mehlenbachcr, \ C, The Analvsis of fats and Oils, Carrard Press, Champaign W 
I960 



1421 


NATURAL FATS 

pare and conduct a blank determination simultaneously and similar in all respects. 
The transmittance of the blank should be 98 ± 1%. Determine the nickel con- 
tent of the sample by reference to a concentration-transmittance graph prepared as 
follows: 

Preparation of Concentration-Transmittance Graph.— Prepare a nickel solution of 
known concentration by dissolving 2.2617 g. of nickel sulfate (99% NiS0 4 -6H 2 0) in 
distilled tvater in a 500-ml. volumetric flask. Add 30 ml. of concentrated hydro- 
chloric acid and bring to volume. This solution contains 1000 /ig. of nickel per 
ml. Make appropriate dilutions of this solution and process these as directed 
for the determination of nickel. The dilutions selected for development of the 
graph should contain such quantities of nickel as to cover the range of 0 to 100 Mg- 
Finally, plot a curve relating transmittance to micrograms of nickel. 

(S - B) 

Nickel in p. p. m. = — — — — 

Grams of sample 

where S = micrograms of nickel in sample, and 
B = micrograms of nickel in blank. 

IRON o 

Procedure .— Prepare a hydroquinone solution containing 2.5 g. of hydroquinone 
and 1 ml. of hydrochloric acid (1 + 1, v/v) diluted to 100 ml. with distilled water. 

Ash, as previously directed, a sufficient quantity of sample to provide 5-50 micro- 
grams of iron. Add five ml. of hydrochloric acid (1+1, v/v) to the ash, cover the 
dish with a watch glass, and heat the contents just to boiling. Transfer the sam- 
ple to a 50-ml. volumetric flask using distilled water to wash the last traces from 
the dish into the flask. Dilute to the 50-ml. mark with distilled water, mix thor- 
oughly, and pipet 10 ml. into a cuvet. If the iron content of this portion is 
outside the limits of the concentration-transmittance graph, take a smaller aliquot 
and dilute to 10 ml. 

Add 2 ml. of hydroquinone solution, 5 ml. of 1 ,10-phenanthroline solution (0.1% 
in distilled water), and 5 ml. of aqueous sodium acetate solution (20% w/v). 
These reagents should be added with a volumetric pipet and the solution thor- 
oughly mixed after adding each reagent. 

Conduct a blank determination along with the sample to make certain that none 
of the reagents is contaminated, and also to use as a reference solution against 
which the transmittance of the sample is measured. The transmittance of the 
blank is usually about 2% less than that of distilled water. If it is as much as 5% 
less than distilled water, new reagents should be prepared. The transmittance of 
the sample solution is measured in a spectrophotometer at 503 m,u with the instru- 
ment adjusted to read 100 per cent transmittance for the blank. Determine the 
iron content of the solution by reference to a concentration-transmittance graph 
prepared as follows: 

Preparation of Concentration-Transmittance Graph .— Dissolve 0.1000 g. of pure 
iron wire in 10 ml. of 10% sulfuric acid and three ml. nitric acid (sp. gr. 1.43) and 
dilute to 1 liter with distilled water in a volumetric flask. Pipet 100 ml. of the 
standard iron solution into a l-Iiter volumetric flask and dilute to volume with 
hydrochloric acid (1 + 19, v/v). 

« l’olile, \V. D., Cook, J. H„ and Mehlenbather, V. C., Food Reseaich, 12, 229, 1917 
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Pipet 05 10 20 30 40 and 5 0 ml of diluted standard iron solution into a 
senes of cmets Make up to 10 ml with dilute hydrochloric acid solution 
(1 4. 19) Follow the procedure described abo\e for developing the color and 
measuring die transmittance beginning with the addition of two m i 0 f 
quinone Construct a concentration transmittance graph on semi logarithm c 
paper relating transmittance to micrograms of iron 

micrograms of iron in portion analyzed 

Iron m p p m — — — : : ~— 

‘ Crams of sample in portion analyzed 

COPPER 

Reagent —Prepare a solution of 12a g of ammonium citrate in a00 ml o! dis- 
tilled water and add to this 100 ml of ammonium hydroxide (sp gr 0 90) 

Procedure — Ash 5 g of sample as pres lously directed and add 40 ml of 01 A 
hydrochloric acid solution If the residue does not dissolve cos er the dish with 
a watch glass heat the mixture just to boiling and then cool it to room tempera 
ture Transfer the solution to a 12a ml separatory funnel and rinse the d sh 
twice with 10 ml portions of 0 \ hydrochloric acid adding the washings to the 
separatory funnel Add 15 ml of the ammonium citrate ammonium hydroxide 
solution to the separatory funnel mix thoroughly and then add fixe ml ofO’% 
aqueous sodium diethyldithrocarbamate solution and mix again Add 15 ml ol 
carbon tetrachloride xvith a pipet and shake xigorously to obtain complete extrac 
tion of the colored compound Allow the solution to stand until the carbon tetra 
chloride layer separates Filter the carbon tetrachloride portion through filter paper 
and measure the transmittance m a spectrophotometer at 430 m#i with the trans- 
mittance of the instrument prexiously adjusted to read 100% with carbon tetra- 
chloride 

Prepare and conduct a blank determination using 60 ml of 0 1 \ hyclrodiforc 
acid Proceed otherwise as described for the sample beginning with the additon 
of the ammonium citrate ammonium hydroxide solution 

Prepare a graph relating transmittance to copper content from the analysis ol 
samples of copper sulfate (CuS0 4 oH O) solutions of knoxvn concentration The 
dilutions selected for development of color should cover an appropriate range in 
Mg of copper Refer to the graph to determine the copper in the blank and in the 
sample and then calculate the copper content of the sample as follows 

(S “ B) 

Copper m p p m = — — v j- 

Grams of sample 

where S = micrograms of copper in sample, and 
B — micrograms of copper in blank 

SOAP 

(Dissolved) 

Sodium soaps may be present in oils which have been treated with sodium 
hydroxide or sodium carbonate as in the alkali refining process Traces of soaps 
are difficult to remove in processing and they are not easy to determine anahticall 
Soap has been determined for many years by simply ashing the sample and then 
weighing or titrating the residue with standard acid This method is satisfactory 
for determining soap content of some significant quantity but it is not satisfactory 
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for trace amounts. A titrimetric method has been used for small quantities with 
apparent success. 

A method recently adopted by the American Oil Chemists Society is based on 
comparison of the conductivity of a water extract of the sample with the con- 
ductivity of aqueous solutions of known concentrations of sodium oleate. 7 

ASHING METHOD 

Procedure.— Incinerate 75-100 g. of sample following the procedure previously 
described for the determination of ash. Add 50 ml. of cold, boiled distilled water 
to the ash and titrate the solution with 0.02 N acid using methyl orange as the 
indicator. 


% Soap as sodium oleate 


ml. 0.02 N acid X 0.608 
Wt. of sample 


TITRIMETRIC METHOD 

Procedure .*— Prepare a solution of acetone containing 2% of water, and, an- 
other solution of 0.1% bromophenol blue in 95% alcohol. Mix 0.5 ml. of the 
indicator solution with 100 ml. of the acetone-water solution and then add 0.01 N 
hydrochloric acid to the first appearance of a permanent yellow color. 

Place 40 g. of sample in a test tube of convenient size and add to this one ml. of 
water. Warm the mixture and shake it vigorously. Add 50 ml. of the neutralized 
acetone to the soap solution, warm and shake again and then allow the mixture 
to stand until the layers separate. The presence of soap is indicated by a green 
or blue color in the upper layer. 

Titrate with 0.01 N hydrochloric acid to the reappearance of the yellow color. 
Continue the process of warming, shaking and titrating until the yellow color of 
the upper layer remains permanent. 


% Soap as sodium oleate 


ml. 0.01 N acid X 0.304 
Wt. of sample 


This method is reported to be satisfactory for determining soap in oil within 
the range of 10-500 parts per million. The size of sample may be decreased for 
relatively high levels. 


PHOSPHORUS 

Reagent. Sodium Molybdate.— Carefully add 140 ml. of sulfuric acid (sp. gr. 
1.84) to 300 ml. of distilled water. Cool to room temperature afnd add 12.5 g. of 
sodium molybdate. Dilute to 500 ml. with distilled water, mix thoroughly, and 
allow the solution to stand for at least 24 hours before use. 

Procedure . 1 — Weigh 3.0-3.2 g. of sample and 0.5 g. of zinc oxide into a Vycor 
crucible. Heat the mixture on a hot plate until the mass thickens, then increase 
the rate of heating slowly until the mass is completely charred. Place the cru- 
cible in a muffle furnace and maintain at 550°-600°C. for two hours. Remove the 
crucible from the furnace and allow to cool to room temperature. Add five ml. of 
distilled water and five ml. of hydrochloric acid (sp. gr. 1.19) to the residue. Cover 
the ciucible with a watch glass and heat at gentle boiling for 5 minutes. 

7 Goff Jr., H„ and Blachly, F. E., J. Am. Oil Chemists’ Soc„ 34, 320, 1957. 

8 Wolff, J. P., Oleagineux, 3, 197, 1948. 
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Procedure?— Remove moisture and insoluble matter by filtering the sample be- 
fore determining the neutral oil. Add 25 ml. of the solvent (methanol and abso- 
lute ethyl ether, (25 + 975), v/v) to the appropriate size of sample depending upon 
the approximate neutral oil content. 

Weight of Sample 
Neutral Oil Content % {g. ± 6.007 g.) 

100-90 2-3 

90-75 1-2 

75-50 0.7-1 

50-0 0.45-0.55 


Attach a short piece of rubber tubing to the bottom end of a chromatographic 
column (20-mm. diameter, 400-mm. length, with sealed in course-porosity fritted 
disc). Close the outlet with a pinch clamp and fill the column about Yz full with 
the solvent. Add 19-21 g. of dry activated aluminum oxide (grade F-20 or equiv- 
alent) and wash down any oxide that may adhere to the sides of the column with 
a little solvent. 

When ready to add the sample solution to the column, drain the solvent from 
the column until the upper level of the liquid is about 5 mm. above the upper 
surface of the aluminum oxide. Pour the sample and solvent into the column 
carefully so as not to disturb the surface of the oxide using four washings of about 
6 ml. each of solvent to complete the transfer to the columns. Collect the eluate 
in a dried and tared beaker of convenient size. When the liquid level in the 
column drains to about 5 mm. above the surface of the alumina add 100 ml. of the 
solvent and then allow all of the solvent to pass through a column. 

Wash the outlet of the column with a small amount of solvent and then evapo- 
rate all of the solvent on a water bath under a gentle stream of clean dry air. 
Continue drying for one hour in an oven at 105°C. Cool the beaker and contents 
and weigh. 


% Neutral oil = 


weight of residue X 1 00 
Wt. of sample 


BREAK TEST 

The break test is intended to provide a measure of the non-oil constituents of 
soybean oil. At best it is an inexact measure, and it is used primarily because of 
the absence of a more reliable method. 

Procedure?— Heat the sample to 75°C. and maintain at this temperature long 
enough to melt all fat-soluble particles. 

Weigh 25 g. into a 180-ml. electrolytic type beaker, add three drops of hydro- 
chloric acid (sp. gr. 1.19) and stir thoroughly. Suspend a thermometer (-6° to 
400°C„ AOCS specification H 5-40) in the center of the oil-acid mixture so that 
the bulb is completely immersed but not touching the bottom of the beaker. Ap- 
ply heat so that the temperature rise will be 75° to 80°C. per minute. 

Do not stir or otherwise disturb the sample after heating has begun. Heat to 
289°C. and withdraw the flame. Cool to about 25°C. either in a water bath or in 
air. 

After cooling and while stirring add 50 ml. of carbon tetrachloride to dissolve 

o Tierney, S. E„ J. Am. Oil Chemists’ Soc., 34, 348, 1957. 
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Table 33-3. Methods Employed for Determination of Stability 


Method 

Oxygen Absorption 


Oxygen Absorption 
(ASTM Oxygen 
Bomb) 


Procedure 

Fat dispersed on sand, heated in 
special glass apparatus under 
atmospheric oxygen until pres- 
sure in flask is reduced to a speci- 
fied amount. 

Fat dispersed on paper and heated 
in ASTM Oxygen Bomb under 
oxygen pressure until rate of 
absorption changes. 


Schaal Test Sample in beaker is maintained at 

elevated temperature until odor 
becomes rancid. 


Thiobarbituric Acid 
Test 

Kreis Test 


Sample is treated with TBA re- 
agent. Intensity of color re- 
lated to fat condition. 

Sample is treated with phloroglu- 
cinol reagent. Intensity of color 
related to fat condition. 


Reference 

E. W. Eckey, Oil and 
Soap, 23, 38, 1946. 


W. M. Gearhart, B. N, 
Stuckey and J. J. 
Austin, J. Am. Oil. 
Chemists’ Soc. 34, 
427, 1957. 

V. G. Mehlenbacher, 
The Analysis of Fats 
and Oils, Garrard 
Press, 1960, p. 195. 
ibid. p. 208. 


ibid. p. 191. 



Fig. 33-2. Fat Stability Apparatus for Active Oxygen Method. 
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Air Distributing Manifold constructed of stainless steel nickel aluminum or 
glass The glass capillary tubes must be calibrated to permit the same flow (±10%) 
through each outlet when the total flow is adjusted to 2 33 ml per tube per second 
Calibrated capillary tubes are available from certain laboratory supply houses 
Air Purification Train —A Air inlet tube from compressed air source equipped 
with stainless steel needle valve 

B Air washing column consisting of hydiometer cjlinder 50 mm O D 375 mm 
high containing distilled water 

C Air washing column consisting of hydrometer cylinder 50 mm O D 37a mm 
high containing 2% K_Cr 0 7 in 1% H„S0 4 Fill to about 25 cm depth and re 
place solution after 72 hours of continuous operation 

D Air washing column consisting of hydrometer cylinder 50 mm O D 375 ram, 
high containing distilled water Fill to about 25 cm depth Replace with fresn 
distilled witer at the first appearance of a yellow color 
£ \\ iter cooled condenser Allihn 5 bulb type 300 mm jacket 
F Trap wide mouth 16 oz bottle containing glass wool 
G i. H Pressure regulating columns hydrometer cylinders 50 mm OD 37a 
mm high containing distilled water Fill to about 20 cm depth Pressure regula 
tion may also be obtained through the use of a suitable pressure regulating vahe 
J Manifold 

A Source of Clean Compressed Air 

Sampling Due to peculiarities inherent in this procedure special precautons 
are necessary in obtaining and transporting samples When packaged fats are in 
solved the sample should consist of an unopened package if possible Where ll is 
is imprictittl samples must be removed from large containers or processing equp- 
ment with clean sampling devices of stainless steel aluminum nickel or glass 
S iniplcs of solid fat should be taken at least 2 inches from the walls of large contain 
ers and 1 inch from the vs all of small containers If liquid oil is poured from a coi 
tauter the pouring spout or lip should first be thoroughly cleaned using a dean 
cloth moistened with acetone 

After removal from package or processing equipment samples should be tram 
ported or stored only in glass containers cleaned as herein described or in lie* 
tin containers Under no circumstances should sample containers have plastic or 
enameled tops or covers wall paper or waxed liners Samples should be protected 
from contact with heat and air as much as possible 

Cleaning Sample Containers and Aeration Assemblies —Melt and drain off as 
much oi the fat :rom the previous determination as possible ’v'fah 
mauling fat with a suitable solvent Petroleum ether is satisfactory if the clearing 
is done immediately after the preceding determination and the fit involved is of 
100 iodine value or less otherwise acetone must be used 
Prep ire a 1% solution of detergent (select t>pe leaving no residue on glassware) 
and heat almost to boiling in the cleaning bath Rinse out each test tube v ith 
the hot detergent solution brushing briefly with a nylon brush Then place the 
tubes in a hot deteigent solution in such a manner that the tubes are full an 
completely covered and so that no air bubbles are trapped within Also immerse 
the fat free aeration tubes and stoppers in hot detergent solution so that the) are 
complete!) covered and that no ur bubbles are trapped within Boil the solutions 
vigorous!) for 30 minutes Brush each test tube vigorously with a nylon bru • 
rinsing twice in the hot detergent solution Rinse thoroughly with tap water jo 
lowed by distilled water and place upright in a test tube rack Fill with <h* tl c 
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water and allow to stand at least one hour. Rinse the aeration tubes thoroughly 
in tap water followed by distilled water and place upright in a clean two-liter 
beaker of distilled water in such a manner that the long straight tube and the 
stopper are covered. Allow to stand for at least one hour. At the end of this 
period, rinse both test tubes and aeration tube once again with fresh distilled 
water, drain on clean filter paper, and dry in an oven at 100°-105°C. Arrange 
washing and rinsing schedules so that test 
tubes and aeration tubes are dried at the same 
time. Assemble as soon as dry and store in a 
dust-free location. 

Procedure . 1 -— The control of temperature 
during heating and aeration of the sample, 
maintenance of absolute cleanliness, and elim- 
ination of contamination throughout the pro- 
cedure cannot be overemphasized. The tem- 
perature refers specifically to the temperature 
of the sample in the tubes and not to that of 
the bath. If these factors are not rigidly ob- 
served, the results are likely to be incorrect. 

The nature of the AOM procedure is such 
that when errors occur, results tend to be 
below rather than above the true value. 

Pour 20 ml. of oil or melted fat into each 
of two test tubes (25 X 200 mm.) which, for 
convenience, may be calibrated at the 20-ml. 
level. Place one of the tubes in the bath 
which has previously been brought to the desired temperature, insert the aeration 
assembly and connect it to the air-flow system, see Fig. 33-3. Stopper the second 
tube and keep at a cool temperature until it is to be heated. Start the second tube 
with the following spacing between tubes: 



Fig. 33-3. Aeration Assembly for Ac- 
tive Oxygen Method. 


Keeping Time 

0-16 hours 
16-32 hours 
32-50 hours 
Over 50 hours 


Spacing of Tubes 

1 hour apart 

2 hours apart 

3 hours apart 

4 hours apart 


Maintain the contents of the tubes at the specified temperature and inspect the 
tubes regularly to be sure that the air is flowing properly. Heating and aeration 
is continued until a peroxide value is attained which corresponds to the point of 
inception of rancidity for the type of fat being tested. According to the standard 
method this is 100 meq./kg. of fat. It has been, however, common practice to use 
an end point of 20 meq./kg. for unhydrogenated animal fat and values of 75 to 
125 for other oils and hydrogenated fats. It is desirable to continue heating with- 
out interruption to the end point, but if this cannot be done, the tubes should 
be chilled immediately on removal from the bath and kept chilled until ready to 
start the heating again. 
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When the end point is reached, determine the peroxide \alue of the sample 
and report the stability as the hours (to the nearest hour) required to reach the 
specified peroxide value It is desirable that the leading tube should be beyond the 
specified peroxide le\el and the other tube slightly below this let el, so that arc 
liable interpolation can be made With a little practice, the odor of the air from 
the exhaust tube will be found to sene as a good indicator of the end point but 
because of the large personal variation in organoleptic sensitivity, odor cannot be 
accepted as the final criterion 

It is convenient, with long keeping samples to run a pilot tube' 12-15 hours 
in advance of the two test portions to obtain an appioximation of the keeping 
time Successive small samples (1 g) may be withdrawn from this tube to test for 
peroxide value as the rancid point is approached but this should be discontinued 
after a total of five grams have been removed The pilot tube serves a twofold 
purpose It enables the operator to continue the heating and aeration overnight 
with safety tnd it eliminates most of the guesswork from choosing the time foi 
determining the peroxide content of the fat 
The AOM determination can and is now often run at 1I0°C instead of 97 8*C 
In this case AOM hours at 97 8°C = AOM hours at 110°C X25 Results art 
always reported in terms of the 97 8°C rate 

PEROXIDE VALUE 

Procedure ‘—Weigh 5 00 ± 0 05 g of the sample into a 250 ml Erlenmeycr flask 
and then add 30 ml of the acetic acid chloroform solution (3 + 2, v/v) Swirl the 
flask until the sample is dissolved and acid 0 5 ml of saturated potassium iodide 
preferablv using a measuring type pipet Allow the solution to stand with occi 
sional shaking for exactly one minute .and then add 30 ml of distilled water 
Titrate the mixture with 0 1 N sodium thiosulfate adding it gradually and with 
constant and vigorous shaking Continue the titration until the yellow color hi! 
almost disappeared Add 0 5 ml of starch indicator (1% in distilled water) and 
continue the titration Shake vigorously near the end point to liberate all the 
iodine from the chloroform layer and add the thiosulfate solution dropwise until 
the blue color has just disappeared If the titration requires less than 05 ml 
repeat the determination using 0 01 N sodium thiosulfate solution 

Conduct a blank determination on the reagents daily The blank titration musi 
not exceed 0 1 ml of the 0 1 N sodium thiosulfate solution 

Tbr pe,ar.^ /«, As * , K * 1™ 

r 1 ° Wt of sample 

where N = normality of sodium thiosulfate 

IDENTIFICATION * 

The identification of individual fats or oils is based on certain specific tests ®" 
the fatty acid composition and/or the physical and chemical characteristics l ^ 
ufication of crude and refined oils can often be accomplished by determining ^ 
fat constants such as saponification value, iodine value, titer point, etc, and 
comparing the results obtained with values of oils of known purity \° w tosa 
there is considerable overlapping of values for known samples so that ^ 
panson alone does not always provide positive identification The fatty aci 
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position and the presence of certain minor constituents will frequently serve to 
classify most of the common fats and oils, but some of these may be altered to some 
degree by processing. The so-called specific tests also are for the most part limited 
to unprocessed materials. It is obvious then that the problem of identification may 
not be a simple one. Processing and mixing may yield materials that almost defy 
the identification of the individual constituent oils. 

Some of the identifiable characteristics of certain fats and oils are given in Table 
33-4 and some of the more common methods follow. In Table 33-5 are given typi- 
cal values for certain physical constants. 


Table 33-4. Some Identifiable Characteristics of Natural Fats and Oils 


Oil or Fat 

Cottonseed and kapok oils 

Sesame oil 

Peanut oil 

Teaseed oil 

Kapok oil 

Coconut and Babassu oils 
Marine oils 
Vegetable butters 
Tung and oiticica oils 
Butter fat (milk fats) 

Animal fats 

Beef fats and hydrogenated 
vegetable oils in lard 
Vegetable oils in animal fats 
Olive oil 


Specific Characteristics 

Halphen test 
Villavecchia test 
Bellier test 

Modified Liebermann-Burchard test 
Besson test 

High saponification value, contain lauric acid 
High squalene content, insoluble bromide test 
Crystallization tests 
Contain conjugated fatty acids 

Contain butyric and other low molecular weight fatty 
acids 

Contain cholesterol 
Bomer value 

Detection of high melting sterols 
Contains squalene 


Castor oil 

Cottonseed oils" 
Peanut oils 
Corn oil 
Sesame oil 
Sunflower oil 
Olive oil 
Palm oil 
Linseed oil 
Perilla oil 
Soybean oil 
Hempseed oil 
Rapeseed oil 
Mustard oil 
Ravison oil 


Solubility tests, high viscosity, high OH 
content, contains ricinoleic acid 


Contain oleic and linoleic (unsaturated) 
acids 


Contain linolenic (unsaturated) acid 


Contain erucic acid 
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Table 33-5 Physical Characteristics of Some Fats and Oils 




Sapom 


Refradue 


Iodine 

fication 

Titer 

Index at 

Oil or Fat 

Value 

Value 

°C 

25°C 

Castor 

81-91 

176-187 


1 473-1 477 

Coconut 

7 5 10 5 

250-264 

20-24 

1 448 1 450 1 

Com 

103-128 

187-193 

14 20 

1 470-1 474 

Cottonseed 

99 113 

189 198 

30-37 

1 463-1 4 2 

Kapok 

86-110 

189-197 

27 32 

1 468 1 473 

Linseed 

170 204 

188 196 

19-21 

1 477 1 4 32 

Olive 

80-88 

188-196 

17 26 

i 466-1 468 

Palm 

44 54 

195 205 

40-47 

1 4d3-1 436 1 

Palm Kernel 

14-23 

245-255 

20 28 

1 449 1 4j’ 1 

Peanut 

84 100 

188 195 

26-32 

1 466 1 470 

Penlla 

193-208 

188-197 

— 

1 480-1 482 

Rapeseed 

97-108 

170-180 

11-15 

1 464 1 468 

Safflower 

140-150 

188-194 

— 

1 473 1 4 7 6 

Sesame 

103-116 

188-195 

20-25 

1 470-1 474 

Soy bean 

120-141 

189 195 

21-23 

1 471-1 475 

Sunflower 

125 136 

188-194 

16-20 

1 471 1 47a 

Teaseed 

80-90 

188 196 

13-18 

1 466-1 469 

Tung 

160-175 

189-195 

— 

1 516-1 520 

Butterfat 

26-42 

210 233 

33-38 

1 453 1 436 

Chicken Fat 

64-76 

194-204 

— 

1 452 1 460 

Lard 

52 77 

190 202 

32-43 

1 459-1 461 

Tallow -Beef 

40-48 

190-199 

40-47 

1 450 1 458 

Tallow-Mutton 

35-46 

192 197 

43-48 

— 


* at 40 °C 


COTTONSEED OIL 
(Halphen Test) 

Procedure '—Mix about 10 ml of sample in a 25 x 250 mm test tube with an 
equal volume of reagent The reagent is prepared by mixing equal volumes 
of amyl alcohol with carbon disulfide containing 1% sulfur Shake and heat 
gently in hot water until foaming stops Place the tube in a bath at 110“ to 115'C 
and maintain at that temperature for 1-2 hours A red color in the solution at 
the end of the test indicites the presence of cottonseed oil The intensity of the 
red color is a rough approxim ltion of the amount of cottonseed oil m the sample 
If ippreciable quantities of cottonseed oil are present in the sample a positne 
reaction will usually appear in less than one hour However, if the quantity o 
cottonseed oil is small a 2 hour period is essential The intensity of the red color 
is reduced by certain processing operations such as hydrogenation and heating an 
it may be destroyed entirely Kapok oil reacts to this test with an equal or greater 
intensity than does cottonseed oil 
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KAPOK OIL 13 
(Besson Test) 

The Besson test should be applied only to samples which have been refined with 
alkali and filtered with diatomaceous earth. Cottonseed oil sometimes produces 
a deep red color with the Besson test, therefore, it is necessaiy that care be taken 
in the interpretation of results, especially when dealing with small amounts of 
kapok oil. Usually cottonseed oil and other vegetable oils will produce only a 
deep yellow color under the conditions described. 

Procedure .— Place 5-10 ml. of the oil or melted fat in a test tube of convenient 
size and add a volume of chloroform slightly greater than the volume of the 
sample. Shake until the sample is in solution and then add an amount of silver 
nitrate reagent (2% AgN0 3 in absolute alcohol) equal in volume to that of the 
sample. Shake the mixture for 30 seconds and allow it to stand for 30 minutes. 
At the end of 30 minutes, if kapok oil is present, the solution will have assumed a 
brownish-black turbid appearance. In the case of very small amounts of kapok 
oil, only a deep reddish-brown color will be noticed. 

SESAME OIL 
(Villavecchia Test) 

Procedure . 1 — Mix about 10 ml. of the oil or liquified fat with an equal volume 
of concentrated hydrochloric acid in a test tube. Add to this mixture 0.1 ml. of 
a reagent consisting of two ml. of furfural plus 100 ml. of 95% alcohol. Shake 
well for 15 seconds and allow to stand until the emulsion has broken. Then ob- 
serve the color of the lower layer as soon as possible. If no pink or crimson color 
appears the test is negative. If any color is observed in the lower layer add 10 ml. 
of distilled water, shake again and observe the color as soon as the layers are 
separated. If the color persists sesame oil is present. If the color disappears 
sesame oil is absent. 

This test is applicable to hydrogenated as well as unhydrogenated oils, although 
not with the same degree of sensitivity. The sensitivity of the test may be improved 
by increasing the amount of reagent up to one ml. However, this hastens the rate 
of color development and it also hastens the amount of non-characteristic colors 
formed by making the differentiation more difficult. 

PEANUT OIL 14 
(Bellier Test— Qualitative) 

This method is limited to the detection of peanut oil in cottonseed, soybean, 
olive or corn oils. 

Procedure .— Weigh 0.92 grams of sample into a 125-ml. Erlenmeyer flask. Sapon- 
ify the fat by boiling gently under a reflux condenser with 5 ml. of 1.5 N alcoholic 
potassium hydroxide for five minutes. Then add 50-ml. of 70% alcohol and 0.8 ml. 
of hydrochloric acid (sp. gr. 1.16). Warm the solution to dissolve any precipitate 
that may form. Insert a thermometer and cool with continuous agitation at the rate 
of 1°G. per minute. Observe the temperature at which cloudiness appears. The 
presence of peanut oil in olive oil is indicated if turbidity appears above 9°C. 
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The presence of peanut oil in cottonseed soybean or corn oil is indicated if 
turbidity appears above 13°C 

PEANUT OIL 14 
(Renard Method— Quantitative) 

Procedure —Weigh 20 g of the sample into an Erlenmeyer flask and saponify 
the oil or fat by boiling with about 200 ml of alcoholic potassium hydroxide {48 
g /liter) under a reflux condenser for 1 hour After saponification cool the soap 
solution and then exactly neutralize it with acetic acid (1 + 3 v/v) using phe 
nolphthalein as the indicator Into an 800 1000 ml flask place 100 ml of distilled 
water and 120 ml of 20% lead acetate solution Heat this solution to boiln® 
Transfer the neutralized soap solution to the 800-1000 ml flask and contnuc 
boiling for 1 minute Cool the flask and contents by immersion in water swirl ng 
the flask occasionally to cause the lead soaps to adhere to the sides of the flask 
IV hen the contents of the flask have cooled decant the water and excess lead 
acetate solution and then wash the lead soaps with cold water and 90% alcohol 
Add 200 ml of ethyl ether insert a cork stopper and allow the mixture to stand 
until the soap disintegrates Heat the mixture on a water bath under a refltiv 
condenser and allow it to boil for about 5 minutes In the case of soft fats most of 
the soap will be dissolved but fats containing significant quantities of stearin may 
not be completely soluble Cool the ether solution of soaps to la*-17*C and 
allow it to stand until all of the insoluble soaps have separated 

Remove the precipitate by filtration using a Buchner funnel and wash the soaps 
on the filter paper thoroughly with ether Transfer the ether insoluble lead 
soaps into a separatory funnel with the aid of a jet of ethyl ether alternating with 
hydrochloric acid (1+3 v/v) if some of the soap adheres to the paper at the ted 
of the operation Add sufficient hydrochloric acid to make the total volume of acid 
about 200 ml and enough ethyl ether to make the total volume of ether 150 200 
ml Shake the solution vigorously for several minutes Allow the layers to sepa 
rate and drain off the lower acid layer Wash the ether once with 100 ml of 
dilute hydrochloric acid and then with several portions of distilled water until the 
water washings are no longer acid to methyl orange If some solid particles re 
main after the third washing with water decompose them by drawing off almost 
all of the water layer adding a little dilute hydrochloric acid and shaking then 
continue washing with water as before Evaporate the ether from the solution of 
insoluble fatty acids and dry the latter by evaporation on a steam bath after the 
itovon tA -h {«■« TuV vA ■aVscAv.vt aAtcA'itA firat/At \Yit Ary fcAVy -arefe vv. IQA 
of 90% alcohol using heat if necessary to effect solution Cool the solution slowly 
to 15°C, shaking to aid crystallization Allow the solution to stand for 30 minutes 
at 15°C 

If peanut oil is present crystals of arachidic acid will separate from the solu 
tion Remove the arachidic acid by filtration washing the precipitate twice with 
10 ml of 90% alcohol and then with 70% alcohol Be sure to maintain the crystals 
and wash solutions at a definite temperature in order that the solubility correction 5 
given below may be applicable Dissolve the arachidic acid crystals 'wnh boilm© 
absolute alcohol and then remove the alcohol by evaporation Dry the cry 5ta 
to constant weight in an air oven and weigh 

Correct the weight of the residue for the solubility of arachidic acid in 90% 
hoi If the washing is performed at 15®C add 0 0025 g/10 ml of 90% alco o 
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used for crystallizing and washing; and if at 2D°C., add 0.0045 g./lO ml. of 90% 
alcohol used for crystallizing and washing. The melting point of the arachidic acid 
so obtained is 71-72°C. To determine the approximate quantity of peanut oil, 
multiply the corrected weight by 20. 

TEASEED OIL 

(Modified Liebermann-Burchard Test) 

Procedure .'- Place exactly 0.8 ml. of acetic anhydride, 1.5 ml. of chloroform 
and 0.2 ml. of sulfuric acid (sp. gr. 1.84) in a test tube. Mix the contents of the tube 
and then cool to 5°C. Add 7 drops of sample. Again mix and maintain the mix- 
ture at 5°C. for 5 minutes. Should any cloudiness appear add acetic anhydride 
dropwise, shaking after the addition of each drop until the turbidity disappears. 
Add 10 ml. of cold (5°C.) ethyl ether, insert a stopper and invert the test tube imme- 
diately. Replace the tube in the ice-water bath and observe the color. The pres- 
ence of teaseed oil is indicated by an intense red color which appears within one 
minute, reaching a maximum and then fading away. 

MARINE OIL 5 
(Insoluble Bromide Test) 

The insolubility of the bromides of the highly unsaturated fatty acids is made 
use of as a means of detecting unhydrogenated fish oil. The following procedure 
is applicable to the detection of fish oil in animal and vegetable fats and oils, 
pioviding metallic salts are absent. This method is very sensitive. 

Procedure .— Place above 5 g. of sample in a test tube containing 12 ml. of a 
mixture of equal parts (v/v) of chloroform and acetic acid. Add bromine, drop- 
wise, until a slight excess is indicated by the color, keeping the solution at about 
20°C. Allow the tube and contents to stand for 15 minutes or more, then place in 
boiling water. If vegetable oils only are present, the solution will be perfectly 
clear, while if fish oils are present, it will become cloudy due to the presence of 
insoluble bromides. 

TRISTEARIN FATS IN PORK FATS 
(Bomer Value) 

The method for detecting the presence of beef fat and other fats containing 
tristearin in lard is due to Bomer 15 and the values obtained by applying this 
method are frequently referred to as Bomer numbers or values. The procedure 
is based on the difference between the melting point of glycerides and the melting 
point of the corresponding fatty acids. This difference is large for pure hog fat 
(unhydrogenated) ancl small for tallow. The method is inapplicable when hydro- 
genated pork fat is present. 

The Bomer value, if carefully determined, will permit the detection of 10% 
beef fat in lard in almost all cases, and it frequently will enable detection of as 
little as 5%. However, no quantitative significance should be attached to the 
results of this determination, that is, one cannot estimate from the Bomer value 
how much beef fat is present in a given sample. There is a general correlation 
between the melting point of the glycerides and the presence of beef fat, but it is 
inadvisable to accept this as a definite criterion. 

Bomer, A., Z. Utuers. Nahr. Genussm, 2G, 559, 1913. 
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CHEMICAL CHARACTERISTICS OF FATS 
SAPONIFICATION VALUE 1 

The saponification value is a measure of the amount of alkali required to 
saponify a given weight of fat. It is, therefore, a measure of molecular weight. 
The saponification value, sometimes referred to as the Koettsdoerfer number, is 
expressed as the milligrams of potassium hydroxide required to saponify 1 g. of 
fat. The procedure given below is applied to normal fats and oils and commer- 
cial fatty acids. 

Reagent.— Add 5-10 g. of potassium hydroxide to 1 liter of 95% ethyl alcohol 
and boil the mixture under a reflux condenser for about 1 hour. Then distill 
and collect the alcohol and cool it to below 15.5°C. Maintain the alcohol at this 
temperature during the process of dissolving the potassium hydroxide. To 1 liter 
of the cooled alcohol add about 40 g. of potassium hydroxide. Allow to stand 
with occasional shaking until the alkali is dissolved. The solution should remain 
clear. 

Procedure — Weigh a sample of such quantity that there will be an excess of re- 
agent of about 50%. When 50 ml. of reagent are used this will usually require 
4-5 g. of sample. Saponification should be conducted in alkali-resistant Erlen- 
meyer flasks of about 250- or 300-ml. capacity. Add 50 ml. of the alcoholic alkali 
solution to the flask containing the sample and the same amount to one or more 
empty flasks to serve as blank determinations. 

Attach condensers to the flasks containing sample and blanks and boil gently 
but steadily until saponification is complete. Make certain that the vapor ring 
in the condenser does not rise to the top of the condenser while the solution is 
boiling or there may be some loss. Saponification usually requires about 1 hour, 
but in some cases more time is required. There is no way to determine when 
saponification is complete except to run a series of samples at increasing saponi- 
fication intervals, continuing this until the values obtained become constant. 

When saponification is complete allow the solution to cool somewhat and then 
wash down the inside of the condenser with a small amount of distilled water. 
Disconnect the condenser, add about 1 ml. of phenolphthalein (1% in 95% alco- 
hol) and titrate the solution with 0.5 N hydrochloric acid until the pink color 
just disappears. 


. c . 28.05 X (B - S) 

i he saponification value = — 

Wt. of sample 

where B = titration of blank, and 
.S’ = titration of sample. 


HYDROXYL VALUE 

I lie hydroxyl value is a measure of the hydroxyl groups in a given substance 
and it is defined as the milligrams of potassium hydroxide equivalent to the hy- 
droxyl content of one gram of sample. The presence of hydroxyl groups in nat- 
ural fats is due largely to the presence of substances such as glycerol, mono- and 
diglycerides and sterols. The natural fats with the exception of castor oil contain 
essentially no hydroxy acids. 

The hydroxyl value or the acetyl value as it was formerly designated was for 
many years determined by the acetylation of fat with acetic anhydride. The hy- 
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3. The tliiocyanogen value 18 is a special measure of unsaturation which, when 
used in conjunction with the iodine value, permits calculation of fatty acid com- 
position. In all cases results are calculated in term of equivalent iodine. Ultra- 
violet absorption spectroscopy has replaced the thiocyanogen method to a large 
extent. 

All standard methods for determining iodine value are based on the addition 
of an excess of halogen reagent followed by titration of the unreacted halogen. 
From the amount of halogen absorbed, the unsaturation is calculated. The iodine 
value is expressed in terms of centigrams of iodine absorbed by 100 g. of fat. The 
determination is satisfactory for compounds containing only isolated double bonds, 
but in the case of compounds containing conjugated bonds, absorption is not com- 
plete. In the application of the standard Wijs method to fats and oils containing 
conjugated double bonds, the conditions are arbitrarily established and the re- 
sults are, therefore, empirical. 

A variety of methods are available for determining iodine values of fats but the 
Wijs 19 and Hanus, 20 and possibly the Kaufmann 21 methods are the most com- 
monly used. The Kaufmann method is used extensively in Germany and other 
parts of Europe. The Wijs procedure is given here. 

Reagent.— The Wijs reagent is an 0.2 N solution of iodine monochloride in 
glacial acetic acid. Iodine monochloride is available commercially and this grade 
has been found to be satisfactory. Wijs solution may be prepared by chlorinating 
and adjusting a solution of iodine in glacial acetic acid but this method of prep- 
aration and the subsequent adjustment are tedious. 

Prepare a stock solution by adding 317 ± 0.1 g. of iodine monochloride to one 
liter of glacial acetic acid (A.C.S. grade). Filter this solution rapidly through filter 
paper into a clean, dry bottle. Prepare the Wijs reagent by adding 117 ± 0.1 ml. 
of the stock solution to a 5-lb. bottle of glacial acetic acid (A.C.S. grade). The 
stock and Wijs solutions should be stored in a dark area at a temperature not 
greater than 30°C. Mix the Wijs solution well and determine the halogen ratio 
as follows: 

Iodine Content.— Pour 150 ml. of saturated chlorine water into a 500-ml. Erlen- 
meyer flask and add some glass beads. Pipet 5 ml. of the Wijs solution into the 
flask containing the saturated chlorine water. Shake and heat to boiling. Boil 
briskly for 10 minutes, cool, and add 30 ml. of 2% sulfuric acid and 15 ml. of 
15% potassium iodide solution. Mix well and titrate immediately with 0.1 N 
sodium thiosulfate solution to a starch end point. 

Total Halogen Content.— Pour 150 ml. of recently boiled distilled water into a 
clean, dry 500-ml. Erlenmeyer flask. Add 15 ml. of 15% potassium iodide solution. 
Pipet 20 ml. of Wijs solution into the flask and mix well. Titrate immediately 
with 0.1 N sodium thiosulfate solution to a starch indicator end point. 

T1 , . 2 A 

Halogen ratio = > 

S 3B - 2A 

where A = titration of iodine content and 

B = titration of total halogen content. 

is Kaufmann, H. P., Chem.-Ztg„ 49, 768, 1925. 

w Wijs, J. J. A., J. Soc. Chem. Ind., 17, 698, 189S. 

20 Hanus, j., Z. Untersuch Nahr., und Genusmittel, 1, 913, 1901. 

21 Kaufmann, H. P„ Studien auf dem Fettgebiet, Yerlag Chemie, G.m.b.H. Berlin, 1953. 
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Remove the flask from storage. Add 20 ml. of 15% aqueous potassium iodide 
solution (w/v) and 100 ml. of distilled water. Titrate the solution with 0.1 N 
sodium diiosulfate solution adding the latter gradually and with constant and 
vigorous shaking. Continue the titration until the yellow color has almost dis- 
appeared. Add 1 to 2 ml. of starch indicator solution (10 g./liter) and continue 
the titration until die blue color has just disappeared. 

The iodine value = {B — S) X N X 12.69, 


where B = titration of blank, 

S = titration of sample, and 
N = normality of sodium thiosulfate solution. 

The absorption time may be shortened from 30 to 3 minutes for fats containing 
only isolated double bonds by adding immediately after addition of the reagent 
10 ml. of a solution of 2.5% mercuric acetate in glacial acetic acid. Although this 
is not part of the standard method, the practice is common, especially for produc- 
tion control purposes. 

The relation between weight of the sample and % excess reagent depends upon 
die iodine value and the concentration of the IC1 reagent. The calculation is: 


Required weight of sample in grams = 

where K = 0.6346 for 100% excess, 

K = 0.5904 for 115% excess, 

K = 0.5400 for 135% excess, and 
K = 0.5076 for 150% excess. 


X titration of blank (ml. 0.1 jVNa2S20 3 ) 

- _ 

Iodine value 


When the blank titration is 50.0 ml., i.e., the reagent is exactly 0.2 N, these equa- 
tions simplify to: 


The required weight of sample for 1 00% excess 
The required weight of sample for 1 1 5% excess 
The required weight of sample for 135% excess 
The required weight of sample for 1 50% excess 


31.73 

I.V. 

29.52 

I.V. 

27.00 

I.V. 

25.38 

I.V. 


DIENE VALUE 

Procedure . 1 — Weigh 3 ± 0.001 g. of sample into a dry Erlenmeyer flask, and add 
25.0 ml. of maleic anhydride-toluene reagent (6 -f 94, w/w). Place a small boiling 
stone in the flask and attach an air condenser. Heat so as to reflux gently and 
continue for 3 hours. Prepare and conduct a blank determination similar to and 
simultaneously with the sample. After refluxing, add 5 ml. of freshly boiled and 
cooled distilled water through the condenser and reflux for an additional 15 min- 
utes. Remove the flask and attached condenser from the heat source, allow to 
cool, and then add 5 ml. of ethyl ether and 10 ml. of water through the condenser. 
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Disconnect the condenser and wash down the condenser joint with ten ml of 
water, allowing the washings to run into the flask 
Carefully transfer the contents of flask into a 250 ml separatory funnel Wash 
the flask with three 15 ml portions of ether followed by three 15 ml portions of 
water adding both ether and water washings to the separatory funnel Stopper 
the funnel shake the contents rigorously for one minute, remote the stopper and 
allow the layers to separate If any evidence of emulsion is present add a few 
drops of alcohol swirl gently and then allow to stand until two clear layers hare 
formed Draw off the lower aqueous layer into a 500 ml Erlenmeyer flask Re 
peat the extraction with one 25 ml portion of w a ter and follow with four extrac 
lions using 10 ml portions of water for each Break up any formation of emul 
sion with a few drops of alcohol Test a portion of the sixth extraction for acidity 
avith methyl orange indicator If there is any evidence of acidity, continue extract 
mg until the extract is neutral Titrate the combined extracts with 0 1 N sodium 
hydroxide solution using phenolphthilein indicator 


The diene value 


(B — S) X N X 12 69 
VVt of sample 


where N = normality of sodium hydroxide, 
B = titration of blank, and 
S = titration of sample 


PHYSICAL CHARACTERISTICS OF FATS 


MELTING POINT 

CLOSED CAPILLARY TUBE METHOD 
When solid natural fats are heated slowly they pass through a stage of gradual 
softening before becoming completely liquid The phase transformation is not 
definite and sharp as it is in the case of substances consisting of only a single con 
stituent The melting point is an arbitrary value depending upon the method 
by which it is determined The value obtained by the conventional closed capil 
lary tube method represents the melting point of the highest melting phase 
Procedure *— Dip 3 clean capillary glass tubes (1 mm ID, 2 mm OD) in a 
melted and filtered portion of the sample so that about a 1 cm column of fat is 
retained in each tube Fuse the ends of the tubes at which the fat is located but 
a.vairl hurotuug any at the. tax MauxUux r h/t whet at. a texsupisc atnte at 4*-10'C 
for 16 hours 

Attach the tubes to a thermometer (0-65°C , in 0 2°C subdivisions AOCS 
Specification H 6-40) so that the fat is adjacent to the bulb of the thermometer 
Place the thermometer and tubes in a 600 ml glass beaker containing clear water 
so that the bottom of the bulb of the thermometer is immersed about 3 cm m the 
water The temperature of the water at the start should be about 10'C below 
the melting point of the fat 

Agitate the bath gently and apply heat so that the temperature of the water 
increases at about OS'C per minute The melting point is the temperature at 
which the fat in the tubes becomes entirely clear It is advisable to average t e 
temperature of the melting points of several tubes on the same sample 



NATURAL FATS 1443 

Procedure for Unstable Polymorphic Forms .— Fill several capillary tubes and 
solidify the fat in the usual manner. Place the tubes one into each of several 
liquid baths maintained in an ascending series of temperatures. The lowest tem- 
perature at which the sample liquefies is the melting point. 

WILEY METHOD 

The Wiley melting point method involves heating a disc of solidified fat until the 
disc assumes a spherical shape. At this point the fat is assumed to be completely 
liquid. Actually the final shape may be somewhat oval or elliptical rather than 
spherical. Some analysts use as the criterion of melting, the temperature at which 
the specimen is entirely clear. This is usually somewhat higher than the tempera- 
ture at which an oval shape is reached. The determination of the end point is a 
critical part of this method. 

Procedure . 1 — Boil 95% alcohol and distilled water separately for 10 minutes to 
eliminate dissolved gases. Fill a large test tube (300 mm. long by 35-38 mm. I.D.) 
to a height of 2-3 inches with hot water and then add approximately an equal 
amount of hot alcohol. Tilt the tube at an angle of about 45° and pour the liquid 
slowly and carefully down the inside of the tube to avoid the entrainment of air 
and also to minimize mixing of the alcohol and water. Either of these may render 
the mixture unsatisfactory for use. 

Provide an aluminum (or steel) plate about 4" x 4", %" thick, through which %" 
holes are drilled. Chill the metal plate thoroughly in a refrigerator (8° to 10°C.) 
and place it on a cold, flat surface such as a glass plate before filling the holes with 
dry, melted and filtered sample. After filling, allow the plate to remain in the 
refrigerator for at least 2 hours. 

Cut off the excess sample protruding above the level of the plate, remove a disc 
and drop it into the alcohol-water mixture in the large test tube which has been 
previously cooled to at least 10°C. below the melting point of the sample. The 
disc will drop to the approximate interface between the two liquids. Place the 
test tube in a beaker (200 mm. high, about 85 mm. diam.) containing cold water. 

Insert a thermometer (0-65°C., in 0.2° subdivisions; AOCS Specification H 6-40) 
until the bulb is just above the fat disc. Rotate the thermometer slowly around 
the disc to maintain a uniform temperature while heat is applied under the beaker. 
Make certain the disc does not touch the side of the test tube or the thermometer. 
Heat the bath slowly and agitate it continuously with a small stream of air. As 
the temperature of the alcohol-water mixture rises, the fat disc will gradually 
change shape. As it begins to do this, lower the thermometer until the center of 
the bulb is in the same horizontal plane as the disc. Continue rotating the ther- 
mometer and regulate the rate of heating so that about 10 minutes are required 
for an increase of 2°C. in temperature. Observe the temperature at which the fat 
disc becomes spherical. This is the Wiley melting point. At this point the tem- 
perature of the water bath must not be more than 1.5°C. above the melting point 
of the sample. The first determination is exploratory to establish the range of 
conditions and should be followed by one or more determinations conducted in 
accordance with the conditions established. 
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SOFTENING POINT 

OPEN CAPILLARY TUBE METHOD 

The softening point also referred to is the open end capillary melting point, 
the rise melting point and the slipping point indicates the temperature at which 
the sample has softened sufficiently to be forced upward in a capillary tube by the 
hydrostatic pressure of water 

Procedure l — Melt and filter the Lit to remove impurities and moisture Dip at 
least 5 clean capillary tubes (1 mm I D 3 mm O D ) into the liquid sample so 
that a column about 1 cm is retained when the tube is removed Cause the fat 
to solidify by holding the ends of the tubes containing the sample pressed against 
a piece of ice Place the tubes in a container with a tight cover and hold in a 
refrigerator at 4°-10®C for 16 hours 

Remove the tubes from the refrigerator and attach with a rubber band or b) 
any other suitable means to a thermometer (0-6o°C in 0 2°C subdivisions AOCS 
Specification H 6 40) so that the lower ends of the tubes are e\ en with the bottom 
of the mercury bulb of the thermometer Suspend the thermometer in a 600-ml 
beaker containing clear distilled water Immerse the thermometer in the water 
so that the bottom of the bulb is about 3 cm below the surface of the water 
Adjust the starting temperature ol the water to 8° to 10 C below the soften ng 
point of the sample Agitate the w iter with a small stream of air or by some other 
suitable means and apply heat so as to increase the bath temperature at the nit 
of 1“C per minute slowing down to 0 5°C per minute as the softening point is 
approached Continue heating until the fat column rises in each tube Obsene 
the temperature at which each column rises and calculate the average of all tubes 

CONGEAL POINT 

The congeal point as applied to fats is a measure of the solidification tempera 
ture It differs from the titer point in that the former is a measure of solidification 
temperature of the fatty acids while the congeal point pertains specifically to the 
fats The primary use of the congeal point is for hydrogenation control althougl 
it is also employed in some purciiase specifications The congeal point is a simple 
test and rapid to perform but the reproducibility between laboratories leaves some 
thing to be desired 

Apparatus — Provide a temperature controlled air bath by centering and support 
ing a 500 ml stainless steel beaker containing sufficient lead shot to provide a 
satisfactory ballast within a 4000 ml beaker Water or ice and water is mam 
tamed in the large beaker to control the air temperature within the smaller beaker 
The 500 ml beaker should be fitted with a cover having a centered opening to 
hold the 180ml beaker Provide also a 2000 ml glass beaker containing water 
to serve as a cooling bath Mount a 100 watt electric light about 1 inch behind 
the bath centered 1 to 2 inches below the level of water in the outer beaker 
and in a horizontal plane with the center of the 180 ml beaker and eye level 

Procedure *— Heat 89 91 g of the sample to 130°C in a 180 ml beaker (electro 
lytic type) stirring continuously during this entire period It is necessary that a 
water be removed 

Remove the beaker and contents from the heat source and allow the fat to too 
to 65°C Then place the beaker and sample in a 2000 ml beaker containing water 
adjusted to 15°C ±05°C for congeal points below S5°C or 20®C or 
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congeal points at 35°C. or above. Adjust so that the fat level is about 6 mm. below 
the water level. 

Stir the sample with a thermometer (0“ to 65°C., in 0.2° subdivisions; AOCS Speci- 
fication H 6-40) at 250 r.p.m. rubbing the thermometer against the sides and bottom 
of the beaker until the cloud point is reached. This is the point at which the 
immersed section of the thermometer is visible when placed in the center of the 
beaker but invisible when placed at the back of the beaker. It is important to 
avoid too rapid crystal growth at this stage so the beaker should be removed from 
the water bath and then returned to it at short intervals. A good rule is to 
immerse the beaker about 75% of the time until the first crystals form and about 
25% of the time thereafter and until the cloud point is reached. 

Immediately transfer the beaker and contents to the air bath which is maintained 
at 20° C. Secure the thermometer in the center of the sample by means of a one- 
hole stopper. Observe the temperature every minute, but do not disturb the 
sample during this period. The maximum temperature attained is the congeal 
point. 

The temperatures of 20°C. and 15°C. specified for the air and water baths may 
require adjustment depending upon the composition and the hardness of the 
sample but these suffice for most fats to which this determination is applied. 

TITER POINT 

The titer point is a measure of the solidification temperature of fatty acids. It is 
useful for grading hard fats such as fully hydrogenated fats and oils. It is also 
employed for grading fats utilized in the production of soaps. 

Procedure . 1 ’*— Weigh about 110 g. of glycerol-potassium hydroxide (5 + 1, w/w) 
into a beaker, flask or casserole of adequate capacity. Heat and stir the mixture 
until the temperature reaches 150°C. Add 40-50 ml. of oil or melted fat and 
reheat to 140-150 < ’C. Continue stirring at this temperature (not above 150°C.) 
until saponification is complete which is usually indicated by a homogeneous ap- 
pearance of the solution and by copious soap bubbles rising from the surface of 
the solution. 

Add carefully while stirring 50 ml. of dilute sulfuric acid (30% w/w). Continue 
stirring until the fatty acids have completely separated and are liquid and clear. 

Add 200-300 ml. of distilled water and boil for 2-3 minutes. Remove the 
aqueous layer carefully to avoid loss of any fatty acids. Wash again with distilled 
water and continue until the washings arc neutral to methyl orange indicator. Two 
or three washings are usually sufficient. 

Collect and filter the fatty acids to remove any water that may be present, 
finally heat the acids on a hot plate at 130°C. for a moment to remove traces of 
water. Transfer the fatty acids to a test tube (100 mm. lit., 25 mm. diam.) with an 
etched mark 57 mm. from the bottom of the tube and fill to the mark. Insert a 
thermometer (0-65”C., in 0.2°C. subdivisions; AOCS Specification H 6-40), equi- 
distant from the sides and to the immersion mark on the thermometer. Place the 
test tube containing the sample in a bath assembled as shown in Fig. 33-4. This 
provides a water-cooled air bath in which the fatty acids are solidified. It helps 
to add some lead shot to the bottom of the bottle to serve as ballast. The bath 
is maintained at 15-20°C. below the titer point at all times. For titers so low 
that ice and water will not provide sufficiently low bath temperatures, crushed dry 
ice and ethylene glycol may be used instead. ' The liquid level in the bath should 
be maintained 1 cm. above the level of the fatty acids in the test tube. 
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The stirrer should mo\e through a -vertical distance of about 38 mm , at the rate 
of 100 complete motions per minute 

Stir as indicated until the temperature remains constant for 30 seconds or be<nm 
to rise in less than a 30 second interval At this point discontinue stirring immedi 



atel) remove tne stirrer and observe the increase in temperature The titer p oml 
is the highest temperature reached during this rise 

CLOUD POINT 

The cloud pomt is die temperature at which crystallization begins when a hq ul 
fat is cooled and agitated under standardized conditions The cloud pomt i* 
lated to hard fat content and it is therefore, a useful test with which to fol° 
the progress of hydrogenation 

Procedure The sample must be completely dry before making the test 
60 to 75 g of sample to 130®C immediately before making the test P° ut a u 
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45 ml. of the heated fat into a 4-oz. oil sample bottle. Begin to cool the bottle 
and contents in a water bath, stirring with a thermometer just enough to keep the 
temperature uniform. When the temperature of the fat is about 10 C. above the 
cloud point, begin stirring steadily and rapidly in a circular motion to prevent 
supercooling and solidification of fat crystals on the sides or bottom of the bottle. 
From this time on, do not remove the thermometer from the sample, since to do so 
may introduce air bubbles which will interfere with the test. The bottle is main- 
tained in such a position that the upper levels of the sample in the bottle and the 
water in the bath are about the same. Remove the bottle from the bath and 
inspect the sample regularly. The cloud point is the temperature at which that 
portion of the thermometer immersed in the oil becomes invisible when viewed 
horizontally through the bottle and sample. 

COLD TEST 

The cold test is a measure of the time required for a given oil to crystallize 
under arbitrarily fixed conditions. This test is designed to evaluate the suitability 
of salad oil for use in mayonnaise which requires oils that do not deposit stearin 
at refrigerator temperatures. 

Procedure . 1 — All traces of moisture must be removed and preformed crystal nuclei 
must be destroyed before this test is started. For this purpose, filter the sample 
through a filter paper and then heat the filtered portion to 130°C. If the moisture 
is not removed cloudiness will result on chilling. If the nuclei are not destroyed, 
crystallization will be premature. 

Fill a 4-oz. oil sample bottle completely full with the sample and tightly insert 
a cork stopper. Adjust the temperature to 25°C. in a water bath and then seal the 
stopper with paraffin. Immerse the bottle and sample in an ice and water bath 
and make certain that the entire bottle is covered with water and cracked or 
chipped ice. The bath must be packed with ice and die ice replenished as often 
as necessary to keep the temperature of the bath at 0°C. 

Remove the bottle from the bath after 5.5 hours and examine the oil closely for 
fat crystals or cloudiness. Do not mistake small and finely dispersed air bubbles 
for fat crystals. To pass the test, die sarnple must be clear, limpid, and brilliant 
at 5.5 hours. 

REFRACTIVE INDEX 

The refractive index of fats is closely related to the molecular structure and 
unsaturation of these materials. As applied to the analysis of fats, the refractive 
index is used as a fat constant, as a measure of unsaturation, as a means of deter- 
mining the fat content of certain source materials, and as a control test for hydro- 
genation and certain other plant processes. 

1 he Butyro and Abbe scales are both employed for the determination of re- 
fractive index but the former has the advantage of providing slightly greater preci- 
sion. The relation between Butyro scale readings and refractive indices are given 
in Table 33-8. 

1 he refractive index of a given substance decreases with increasing wavelength 
of the illuminating light and with increasing temperature of reading. Ordinarily 
a monochromatic lamp (sodium D line) is employed to illuminate the scale. It is 
preferable to maintain the temperature of the refractometer at the specified level 
by the use of a constant temperature water bath and a circulating device to circu- 
late water through the instrument. The refractive indices of oils are usually deter- 
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Table 33 8 Butyro-Refractometer Readings and Indices of Refraction a 
Refrac 

tue Fourth Decimal of n* 


Index 

rid 

0 

7 

2 

3 

4 

5 

6 

7 

8 

9 

1 422 

00 

01 

02 

Butyro Scale Readings 

04 05 06 

07 

09 

10 

It 

1 423 

1 2 

1 4 

1 5 

1 6 

1 7 

1 9 

20 

21 

22 

24 

1 424 

25 

26 

27 

28 

30 

3 1 

32 

33 

35 

36 

1 425 

37 

38 

40 

4 1 

42 

43 

4 5 

46 

47 

46 

1 426 

50 

51 

52 

54 

5 5 

56 

57 

59 

60 

61 

1 427 

62 

64 

65 

66 

68 

6 9 

70 

71 

72 

74 

1 428 

75 

76 

77 

79 

80 

8 1 

82 

84 

85 

86 

1 429 

87 

89 

90 

91 

92 

94 

95 

96 

98 

94 

1 430 

10 0 

101 

103 

104 

10 5 

10 6 

107 

109 

no 

in 

1 431 

11 3 

11 4 

11 5 

11 6 

11 8 

11 9 

12 0 

122 

12 3 

124 

1 432 

12 5 

12 7 

12 8 

12 9 

130 

132 

133 

13 5 

13 6 

137 

1 433 

13 8 

14 0 

141 

14 2 

14 4 

14 5 

14 6 

147 

149 

150 

1 434 

151 

153 

15 4 

155 

156 

15 8 

15 9 

160 

162 

163 

1 435 

164 

166 

16 7 

168 

170 

17 1 

172 

17 4 

17 5 

17 6 

1 436 

17 8 

179 

180 

182 

183 

184 

185 

187 

188 

189 

1 437 

19 1 

19 2 

193 

19 5 

196 

197 

198 

20 0 

201 

202 

1 438 

20 4 

20 5 

20 6 

20 8 

20 9 

21 1 

21 2 

21 3 
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2U 

1 439 

21 7 

21 8 

22 0 

22 1 

22 2 

22 4 

22 5 

22 6 

22 7 

229 

1 440 

23 0 

23 2 

23 3 

23 4 

23 5 

23 7 

23 8 

23 9 

241 

242 

1 441 

24 3 

24 5 

24 6 

24 7 

24 8 

25 0 

25 1 

25 2 

25 4 

255 

1 442 

25 6 

25 8 

25 9 

26 1 

26 2 

26 3 

26 5 

26 6 

26 7 

269 

1 443 

27 0 

27 1 

27 3 

27 4 

27 5 

27 7 

27 8 

27 9 

281 

28 2 

1 444 

28 3 

28 5 

28 6 

28 7 

28 9 

29 0 

29 2 

29 3 

294 

296 

1 445 

29 7 

29 9 

30 0 

30 1 

30 3 

30 4 

30 6 

30 7 

308 

309 

1 446 

31 1 

31 2 

31 4 

31 5 

31 6 

31 8 

31 9 

32 1 

32 2 

32 3 

1 447 

32 5 

32 6 

32 8 

32 9 

33 0 

33 2 

33 3 

33 5 

33 6 

337 

3 448 

33 9 

34 0 

34 2 

34 3 

34 4 

34 6 

347 

34 9 

3S0 

15 1 

1 449 

35 3 

35 4 

35 6 

35 7 

35 8 

36 0 

36 1 

36 3 

36 4 

36 5 

1 450 

36 7 

36 8 

37 0 

37 1 

37 2 

37 4 

37 5 

37 7 

37 8 

379 

1 451 

38 1 

38 2 

38 3 

38 5 

38 6 

38 7 

38 9 

39 0 

39 2 

393 

1 452 

39 5 

39 6 

39 7 

39 9 

40 0 

40 l 

40 3 

40 4 

40 6 

407 

421 

436 

45 0 
464 
479 
494 
508 

1 453 

40 9 

41 0 

41 1 

41 3 

41 4 

41 5 

41 7 

41 8 

42 0 

1 454 

42 3 

42 4 

42 5 

42 7 

42 8 

43 0 

43 1 

43 3 

43 4 

1 455 

43 7 

43 9 

44 0 

44 2 

44 3 

44 4 

44 6 

44 7 

44 9 

1 456 

45 2 

45 3 

45 5 

45 6 

45 7 

45 9 

46 0 

46 2 

463 

1 457 

46 6 

46 7 

46 9 

47 0 

47 2 

47 3 

47 5 

47 6 

477 

1 458 

48 0 

48 2 

48 3 

48 5 

48 6 

48 8 

48 9 

491 

49 2 

1 459 

49 5 

49 7 

49 8 

500 

501 

50 2 

50 4 

50 5 

507 
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Table 33-8. {Continued.) 


Refrac- 
tive Fourth Decimal of n<i 


Index 

rid 

0 

7 

2 

3 

4 

5 

6 

7 

8 

9 





Butyro 

Scale Readings 





1.460 

51.0 

51.1 

51.3 

51.4 

51.6 

51.7 

51.9 

52.0 

52.2 

52.3 

1.461 

52.5 

52.7 

52.8 

53.0 

53.1 

53.3 

53.4 

53.6 

53.7 

53.9 

1.462 

54.0 

54.2 

54.3 

54.5 

54.6 

54.8 

55.0 

55.1 

55.3 

55.4 

1.463 

55.6 

55.7 

55.9 

56.0 

56.2 

56.3 

56.5 

56.6 

56.8 

56.9 

1.464 

57.1 

57.3 

57.4 

57.6 

57.7 

57.9 

58.0 

58.2 

58.3 

58.5 

1.465 

58.6 

58.8 

58.9 

59.1 

59.2 

59.4 

59.5 

59.7 

59.8 

60.0 

1.466 

60.2 

60.3 

60.5 

60.6 

60.8 

60.9 

61.1 

61.2 

61.4 

61.5 

1.467 

61.7 

61.8 

62.0 

62.2 

62.3 

62.5 

62.6 

62.8 

62.9 

63.1 

1.468 

63.2 

63.4 

63.5 

63.7 

63.8 

64.0 

64.2 

64.3 

64.5 

64.7 

1.469 

64.8 

65.0 

65.1 

65.3 

65.4 

65.6 

65.7 

65.9 

66.1 

66.2 

1.470 

66.4 

66.5 

66.7 

66.8 

67.0 

67.2 

67.3 

67.5 

67.7 

67.8 

1.471 

68.0 

68.1 

68.3 

68.4 

68.6 

68.7 

68.9 

69.1 

69.2 

69.4 

1.472 

69.5 

69.7 

69.9 

70.0 

70.2 

70.3 

70.5 

70.7 

70.8 

71.0 

1.473 

71.1 

71.3 

71.4 

71.6 

71.8 

71.9 

72.1 

72.2 

72.4 

72.5 

1.474 

72.7 

72.9 

73.0 

73.2 

73.3 

73.5 

73.7 

73.8 

74.0 

74.1 

1.475 

74.3 

74.5 

74.6 

74.8 

75.0 

75.1 

75.3 

75.5 

75.6 

75.8 

1.476 

76.0 

76.1 

76.3 

76.5 

76.7 

76.8 

77.0 

77.2 

77.3 

77.5 

1.477 

77.7 

77.9 

78.1 

78.2 

78.4 

78.6 

78.7 

78.9 

79.1 

79.2 

1.478 

79.4 

79.6 

79.8 

80.0 

80.1 

80.3 

80.5 

80.6 

80.8 

81.0 

1.479 

81.2 

81.3 

81.5 

81.7 

81.9 

82.0 

82.2 

82.4 

82.5 

82.7 

1.480 

82.9 

83.1 

83.2 

83.4 

83.6 

83.8 

83.9 

84.1 

84.3 

84.5 

1.481 

84.6 

84.8 

85.0 

85.2 

85.3 

85.5 

85.7 

85.9 

86.0 

86.2 

1.482 

86.4 

86.6 

86.7 

86.9 

87.1 

87.3 

87.5 

87.6 

87.7 

88.0 

1.483 

88.2 

88.3 

88.5 

88.7 

88.9 

89.1 

89.2 

89.4 

89.6 

89.8 

1.484 

90.0 

90.2 

90.3 

90.5 

90.7 

90.9 

91.1 

91.2 

91.4 

91.6 

1.485 

91.8 

92.0 

92.1 

92.3 

92.5 

92.7 

92.9 

93.0 

93.2 

93.4 

1.486 

93.6 

93.8 

94.0 

94.1 

94.3 

94.5 

94.7 

94.8 

95.0 

95.2 

1.487 

95.4 

95.6 

95.8 

96.0 

96.1 

96.3 

96.5 

96.7 

96.9 

97,0 

mm 

97.2 

97.4 

97.6 

97.8 

98.0 

98.1 

98.3 

98.5 

98.7 

98.9 

mm 

99.1 

99.2 

99.4 

99.6 

99.8 

100.0 

— 

— 

— 

— 


22 Elsdon, G. D., Edible Oils and Fats, Ernest Benn, London, 1926. 
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mined at 40 e C and the refractive indices of high melting fits ire measured at 
G0 C -70“C The sample must be completely liquid when examined 

A Wien necessar) corrections for sanation in temperature nn) be made accordm° 
to the follow ing calculation 

R = Ri 4- A(7i - T) 

R = Reading reduced to temperature T 
R\ = Reading at temperature T\ 

T = The desired temperature 

T\ = The temperature at which reading R\ is made 

A for fats on the Butyro scale = 0 55 

A for oils on the Butyro scale = 0 58 

A for fats on the Abbe scale = 0 000365 

A for oils on the Abbe scale = 0 000385 

Procedure '—Make certain the refractometer is in proper calibration bj means 
of a suitable standard Glass prisms of known retractive indices are a\ ulable from 
instiumcnt suppliers Liquid stand irds are also provided 

Be sure the prisms ire clean Plate a few drops of the dry sample on the lot ct 
prism of the refraitomctir Close the prisms tightly illow i short ume for tic 
sample to come to the temper uure of the instrument and then read the refractive 
index The lat should be removed after etch examination with a small swb ol 
cotton satunted wall a suitable solvent such as toluene 

SOLID TAT INDEX 

Dilatomctr) oi dll ltomttric analysis of fits depends on differences between tic 
specific volumes of the liquid and solid phases As a sample of fat is melted there 
is ail actompanjiiig mcreise in specific volume resulting from both thermal espai 
sion and melting dilation The increase in volume resulting from phase tram 
formation (melting dilation) is considerabl) greater than the increase in volume 
caused by thermal expansion When the volume changes are plotted agiimt tc m 
penture the resulting melting dilation curve is roughly simil ir to the curve si own 
in fig 33 5 The liquid line represents the thermal expansion of the liquid vd "i 
the solid fine represents the thermal expansion of the solid fit c ctrn«J )>? 
joining the liquid ind solid lines is the melting curve over which solid is < Ji Jiign 0 
to liquid as the temperature is increased 

Tor purposes of calculating solids it is assumed that the liquid and solid hie* 
are partllcl and that the total incrcise of units of specific volume from 
liquid is 0 1 ml per gram At any temperature the percentage of solids — y- 
or 1000\ when 1=01 

The dilatonictnc procedure is designed to provide an empirical index of u 
relative amounts of the liquid and solid frictions in a sample at any selected tun 
perauirt or over a range of temperatures extending from the apparent solid suit 
to the completel) liquid phase Ihe results of dilatometric analjscs art designate' 
bv the method of the American Oil Chemists Society as the solid fat ,a n 
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Others may use the designation, solid fat content. The desirability of the latter, 
however, seems questionable due to the highly arbitrary nature of the method and 
results. 

Apparatus. 1 — Pyrex dilatometers with glass stoppers, constructed in accordance 
with the specifications shown in Fig. 33-6. The stems should be made from preci- 
sion-bore capillary tubing graduated in 0.005-ml. increments from 0 to 1.400 ml. 
with an overall accuracy of at least ±0.005 ml. The scale should be marked 0 to 
1400 in intervals of 50. The dilatometers should have identification numbers on 
the stems and stoppers. Springs are necessary to attach the stoppers securely to the 



Fig. 33-5. Melting Dilation Curve. 


dilatometers. Clamps, diermometer type, are needed for holding the dilatometers 
in the constant temperature baths. 

Constant temperature water baths accurate to ±0.05°C. with provision for ade- 
quate circulation. Solid fat indices at 30°, 21.1°, 26.7°, 33.3°, and 37.8°C. are 
commonly used to characterize shortenings and margarine oils. Therefore, the 
baths required are 0°, 10°, 21.1°, 26.7°, 33.3°, 37.8°, and 60°C. 

Pyrex 2 mm. I.D. capillary 2-way stopcock with a buret tip. 

Check all new dilatometers for accuracy before using. Clean and dry each 
clilatometer thoroughly and then clamp the dilatometer securely in an inverted 
position. Attach the capillary' stopcock to the end of the stem of the dilatometer 
and seal the joint with cement (Fisher Pyseal or equivalent). 

Allow the cement to harden, and then immerse the tip of the stopcock into a 
reservoir of clean redistilled mercury which is at room temperature. With the 
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aid of \acuum draw the mercury into the stem of the dih tome ter until the ol 
b rated portion oi the stem is full Withdrew successive 0200 ml portions of 
mercury into a tared 50 ml beaker and weigh The volume in ml contained m 
each measured scale interval is 


Weight of mercury 
final — initial scale reading 


X sp vol of metcury at Tr X 1000 


where T n is room temperature and 


1 ml ~ 1000 in scale reading 


In order to comply with the specific mons of the method 1 scale division is the 
maximum allowable overall tolerance \ correction curve mi) be used mih 
dd itometers which do not compl) 

Procedure l — Deaer ite about 50 ml of the indicator 



solution (1% potassium didironnte in distilled water) 
for 3 minutes in a 250 ml filter flask or other contemn t 
container at a pressure slightly ibo'e the vapor pressure 
of the solution at the temperature of deaeration The 
vapor pressure of water at 2o°C is 24 mm T lie ndi 
cator ma) also be deaerated b) vigorously boiling lor 
15 minutes at atmospheric pressure but then must be 
cooled to room temperature before using 

Heat the sample to 80°C and tleaernc in a 2j0mL 
filter flask at a pressure of 2 min of mercur) until no 
more gas bubbles art seen but for it Icist tvso minutes. 
The sample must be maintained in a complete!) Iiqtid 
stitc md a„uited vigorously during dcicration L»ti 
slight crystillizition ciuscs the occlusion of ur Hr 
indicator and sample should be used is soon as possble 
after dcicration Trmsfcr2ml of the indie itorsolui n 
with i pipet into the bulb of the dilatometcr Lubricate 
the stopper lightly with silicone (high vacuum) grease 
ind weigh the issemblcd chlitometcr to the nearest 

001 g , 
Carefully overlay the indicator with the sample am 


fill until the sample overflows Insert the stopper w 
tint the indicitor solution rises to approxini tiel) lh< 
1200 mirk of the stem when the stopper is scnirch 
soiled The reading should he 1200 ± 100 at 01 C. « 


lie 31 G Dilatometcr not the deternun ltion should be started over 

lolumctric Tvpe Remove the fit from the outer surface of the tl 1 J 

trimeter by washing vvith petroleum ether \ttach the 
running springs and reweigh the dilatometer when the solvent Ins evaporated- 
Immerse the dih tome ter to the 300 mirk m the 60*C hath Observe md t* 1 *' 
the upper indicitor level ifter 15 minutes and then it 5 minute intervals until t r 
change is less thin 2 units in 5 minutes A CO'C reading made at the end °l 1 f 
determination should agree with this reading Significant virntimis indicate fat*i» 
technique 
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Transfer the di latometer to the 37.8° C. bath and immerse to the 300 mark. 
Read the indicator level at intervals of 5 minutes until the change is less than 
2 units in 5 minutes. It is necessary that the sample he completely melted at the 
lower temperature. If any crystallization or clouding occurs, remelt the sample 
in the 60°C. bath and increase the temperature of the other bath. If the bath 
temperature is changed, appropriate substitutions must be made in the calculations. 

Transfer the dilatometer to the 0°C. bath. Immerse to the 300 mark and hold 
for 15 minutes. Place in the 26.7°C. bath for 30 minutes and then transfer back 
to 0°C. bath and hold for 15 minutes. Place in die 26.7°C. bath for 30 minutes 
and then transfer back to 0°C. bath and hold for 15 minutes. 

Measurement of Dilation.— Transfer the dilatometer from the 0°C. bath to a 
bath at the lowest desired temperature. In the case of the A.O.C.S. method 10°C. 
is suggested. Immerse to the 300 mark, and record reading at 30 minutes. 

Repeat at the next highest temperature and so on until readings have been 
obtained at all of the desired temperatures. 

Calculations.— 

Solid fat index at temperature T 

= (Total dilation) — [(Thermal expansion) X (60 — T) ] 
Thermal expansion of sample per degree C. in ml./ kg. 

= #(60) - #(37.8) - Vc(37.8)/W X (60 - 37.8) 
Total dilation between T and 60 °C. in ml./kg. = #(60) — R(T) — Vc(T)/W 
where T = observed temperature, 

Vc( T) = volume correction from Table 33-9 lor expansion of glass and water at T, 
#( T) = observed dilatometer reading at T, and 
W — weight of sample. 


Table 33-9. Volume Corrections for Glass and Confining Liquid 

60°C. Reading 

Bath — — 


Temp. 

1000 

7100 

1200 

1300 

1400 

0°C. 

22.0 

20.3 

18.6 

16.9 

15.2 

5 

22.2 

20.5 

18.7 

17.0 

15.3 

10 

21.8 

20.1 

18.4 

16.7 

15.1 

15 

21.0 

19.5 

17.8 

16.2 

14.6 

20 

19.8 

18.4 

36.8 

15.3 

13.8 

25 

18.4 

17.0 

15.6 

14.1 

12.7 

30 

16.6 

15.3 

14.0 

12.7 

11.4 

35 

14.4 

13.3 

12.2 

11.1 

10.0 

40 

12.0 

11.0 

10.2 

9.2 

8.3 

45 

9.4 

8.7 

8.0 

7.2 

6.5 

50 

6.6 

6.1 

5.6 

5.1 

4.5 

55 

3.2 

3.0 

2.8 

2.5 

2.3 

60 

0 

0 

0 

0 

0 
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CONSISTENCY 

Consistent} is defined m this instance as resistance to penetration under stand 
ardized conditions The attainment of uniform consistency m plastic fats depends 
upon the establishment of equilibrium between the liquid and solid fractions and 
upon the cessation of crystal growth Therefore a tempering period must be 
allowed the length of which may \ary with the size of the package containing the 
fat the character of the fat and the temperature at which tempering is carried out 
Usually 48 to 96 hours are necessary In the standard method of the American 
Oil Chemists Society 48 hours at 8a°C is suggested as minimal Should there 
be a change in the temperature of the product after tempering an add twnal 



period of about 48 hours is required fot reconditioning and for the establishment 
of new equilibrium conditions 

The penetrometer conforms to ASTM Designation Do D217 and D937 It > 5 
essential to be able to read the depth of penetration in 0 1 mm units The pene 
tracing cone must be constructed of aluminum and according to the dimensions 
given m Fig 33 7 

Procedure 1 — Make certain the platform of the penetrometer and the cone are 
clean and that the latter drops freely when released In the case of small packages 
of fat these may be tested without removal from the container For large packages 
remote a portion of the conditioned sample from the container in the form of a 
cylinder or cube of convenient size Place the fat on the platform of the peneuome 
ter in such a position that the penetrating cone will contact the fat at least one 
inch from the edge of the sample The test should be applied to the uncut an 
undisturbed surface of the sample It is important to remember that any working 
of the portion to which the test is to be applied will lower the indicated consistency 

Lower the entire head of the penetrometer so that the tip of the cone ]“ st 
touches the sample Release the cone and allow it to descend for exactly 5 secon s 
The length of time die cone is allowed to travel freely in the sample is cntica an 
must be observed with a stop watch Immediately, lower the indicator rack w i 
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causes the dial pointer to turn and then observe the reading on the dial. Additional 
tests made on the same sample must be at least 1 inch apart and the cone must be 
cleaned preceding each penetration. Determine the temperature of the sample 
and report the penetration in tenths of millimeters at the temperature of measure- 
ment. 


SPECIFIC GRAVITY 1 

The procedure for natural fats and oils utilizes conventional pycnometers or 
specific gravity bottles. 

Procedure for Natural Oils at 25°/25°C.— Determine the weight of the water con- 
tent of the pycnometer or specific gravity bottle to be used for measuring the 
specific gravity of fats or oils. This is done by weighing the bottle empty and after 
filling with distilled water. 

Melt the sample and filter it through filter paper to remove any impurities and 
moisture that may be present. Cool the sample to 20°-23°C. and fill the bottle 
to overflowing, holding the bottle at an angle in such a manner as to prevent the 
entrapment of air bubbles as the sample is being added. Insert the stopper in 
the bottle and immerse and hold it in a water bath at 25° ± 0.2°C. for 30 minutes. 
Carefully wipe off any oil which has come through the capillary opening and then 
remove the bottle from the bath. Clean and dry it thoroughly. 'Weigh the bottle 
and contents, and calculate the specific gravity of the sample. 


Specific gravity at 25°/25°C. 


Wt. of bottle and oil — wt. of bottle 
Wt. of water at 25°C. 


Procedure for Natural Oils or Liquid Fats at 60° /25°C .— The procedure is the 
same as described above except that the melted fat is poured into the specific 
gra\ity bottle at 56° to 58°C., and the bottle and contents are held at 60° ± 0.2°C. 
for 30 minutes before drying and weighing. Weigh the bottle and contents after 
they have cooled to room temperature and calculate the specific gravity of the 
sample. In this case, make a correction for the expansion of glass which is about 
0.000025/degree. 

Specific gravity at 60 o /25 o C. = F/W[\ + (0.000025 X 35)] 

where F = weight of sample at 60°C., and 
W = weight of water at 25°C. 

Procedure for Natural arid Synthetic Drying Oils.— In the case of natural and 
synthetic drying oils. Table 33-10 indicates the variations in procedure from that 
described above. 


VISCOSITY 

The viscosity of natural fats and oils may be determined by the conventional 
Saybolt method. For drying oils, natural and synthetic, an adaptation of the 
Gardner-Holdt 1 bubble time procedure is standard. The Saybolt procedure is 
given here: 

Procedure .—' The standard orifice is satisfactory for oils having an efflux time of 
more than 25 seconds. Heat the sample to not more than 3°F. above the tempera- 
ture at which the viscosity is to be determined. Temperatures of 100°F. and 212°F. 
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Table 33 10 


Viscosity 

Sp Gr 


Deter- 


of Sample 

Bottle 

Cool 

mine 


{Stokes) 

(t>p) 

to °C 

at °C 

’Procedure 

Up to 500 

Leach 

20-23 

25 

As desen bed above 

dOO-2500 

Hubbard 

20-23 

25 

Centrifuge 5-la min at 1000 rpmto 
remove entrapped air, then as above 

Above 2500 

Hubbard 

20-22 

25 

Use 10 15 g Remove entrapped air ai 
before Fill bottle with boded and 
cooled distilled water Determine 
vvt of mixture 


Specific gravity at 2S°/25°C for samples having viscosities above 2500 Stokes - 
C — A 

(B- A) X(D- C) 

where A =* Weight of empty specific gravity bottle, 

B = Weight of specific gravity bottle plus water, 

C — Weight of specific gravity bottle plus sample, and 
D = Weight of specific gravity bottle plus sample plus water 

are ordinarily employed Fill the oil tube until the sample overflows and then 
stir the oil until the temperature is constant at the selected temperature Quick] 
remove the excess oil from the gallery with a withdrawal tube Place a receiving 
flask, under the oil tube withdraw the cork stopper and at the same instant sun 
a timer Stop the timer when die bottom of the meniscus of the oil in the flask 
readies the etched mark on the neck of the receiving flask The efflux time in 
seconds is the Saybolt universal viscosity at the temperature selected for the deter 
mmation 


COOLING CURVE 5 

Cooling curves are used in studies of polymorphism of fats as a means of delect 
ing phase transformation The procedure is employed occasionally for contra 
purposes however the poor conductivity of natural fats tends to cause the resulu 
to be rather indistinctive 

Procedure —Heat 100 g of dry sample to 6a°C m a 180 ml electrolytic beaker 
Place the beaker in a water bath and cool with stirring to a few degrees (o' 10 Q 
above the cloud point Discontinue stirring and transfer the beaker to a water 
cooled air bath maintained at a designated and constant temperature Fix a 
thermometer with the bulb m the center of the sample and allow the fat t0 
continue cooling without being disturbed taking temperature readings every minute 
Finally plot the temperature readings versus time to obtain the cooling curve 
very important factor m determining the rate of cooling and therefore the shape 
of the cooling curve is the temperature differential between the sample and t^e 
cooling bath If the rate is too rapid some of the hesitation points may 
obscured 
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DIFFERENTIAL COOLING CURVE 23 

The differential cooling curve technique is based on the difference between the 
cooling rate of a reference oil (winterized cottonseed oil) which does not crystallize 
when cooled to 0°C. and the cooling rate of the sample which does crystallize at 
that temperature. 

The temperature differential between the sample and the standard is measured 
with two copper Constantin thermocouples. The Constantin leads are connected 
together (series opposed) and the copper leads are connected to a recording potenti- 
ometer with a 0 to 1 mv. range. When connected in this manner the thermocouples 
measure the difference in temperature directly. 

Procedure— Fill two 15 x 125 mm. test tubes to a depth of 6 cm., one with the 
reference oil and the other with the sample. Insert Lhe thermocouples, one in 
the reference oil and the other in the sample. Position the ends of the thermo- 
couples so that they are 30 mm. from the bottoms of the tubes and in the center 
with respect to the walls. 

Place the two tubes in a boiling water bath until the contents are at equilib- 
rium (at least 10 minutes) and then place both in an ice water bath for cooling. 

The temperature differential between the two tubes during cooling is recorded 
by the recording potentiometer. The shape of the curve (see Fig. 33-8) is related 
to phase composition. 

SMOKE, FLASH AND FIRE POINTS 1 

Procedure for the Smoke Point— Fill a Cleveland open flash cup (ASTM Desig- 
nation D92-23) with the oil or melted fat sample until the top of the meniscus is 
exactly at the filling line. Adjust the position of the apparatus in the cabinet as 
shown in Fig. 33-9 so that the beam of light is directed across the center of the cup. 
Suspend the thermometer (20° to 760°F., in 5° subdivisions; AOCS Specification 
H 5-40) in a vertical position in the center of the dish with the bottom of the bulb 
Vi inch from the bottom of the cup. Heat the sample rapidly to within about 75°F. 
of the smoke point. Thereafter, regulate the heat so that the temperature of the 
sample increases at the rate of 9° to 11°F. per minute. The smoke point is the 
temperature indicated by the thermometer when the sample gives off a thin but 
continuous stream of bluish smoke. In some cases, a slight puff appears before 
smoke is evolved continuously. This is disregarded. 

Procedure for Oils and Fats That Flash at 300°F. and Above.— The flash and 
fire points may be conducted without the cabinet but in a room or compartment 
free from air drafts and darkened sufficiently so that the flash is readily discernible. 
Avoid breathing over the surface of the sample. Fill the cup with the oil or 
melted fat sample so that the lop of the meniscus is exactly at the filling line. 
Suspend or secure the thermometer in a vertical position with the bottom of the 
bulb inch from the bottom of the cup and in a position half-way between the 
center and back of the cup. Heat the sample at a rate not to exceed 30°F. rise 
per minute to within 100°F. of the flash point. Thereafter regulate the rate of 
heating so that the temperature of the sample increases 9° to 11°F. per minute. 
Apply a test flame which is about % inch in diameter as the temperature reaches 

23 Jacobson, G. A., Tiemstra, P. J., and I’ohlc, W. D., J. Am. Oil Chemists’ Soc., 38, 399, 
1961.' 
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each successive 5°F mark Pass the flame in a straight line or on the circumference 
of a circle having a radius of at least 6 inches across the center of the cup and 
at right angles to the diameter passing through the thermometer The test flame 
shall while passing across the surface of the simple be in the plane of the upper 
edge of the cup The time for the passage of the test flame across the cup shall 
be about 1 second The flash point is the temperature indicated by the titer 
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mometer when a flash appears at iny point on the surface of the sample The 
true flash must not be confused with a bluish halo that sometimes surrounds the 
test flame 

Procedure for the Fire Point —Continue the heating after the flash point de 
termination in the manner prescribed for the flash point until the fire point is 
reached The fire point is the temperature indicated by the thermometer when 
application of the test flame causes burning for a period of at least five second* 
Procedure for Oils and Fats That Flash Below 300° F— Oils and fats w ic 
have flash points below SOOT are tested in a Pensky Martins closed cup m w a 
the vapors are accumulated to a concentration sufficient for their ignition 0 
adequately weighed amount of the oil to be examined add 5% mlqdrous cupric 
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sulfate. Agitate the mixture vigorously for 1 minute in a closed container and 
allow it to stand for 0.5 hour. Centrifuge the mixture until a sufficient amount 
of clear oil is obtained to make the flash point determination. Fill the cup with 
the sample so that the top of the meniscus is exactly at the filling line; place the 
lid on the cup, and adjust the apparatus for operation. Insert a flash point ther- 
mometer (AOCS Specification H 10-55) and suspend it so that the bottom of the 

8"x 8" Sheet Iron Covering 



bulb is exactly 1 3 4 inches below the level of the rim of the cup, which corresponds 
to the level of the lower surface of the portion of the lid inside the rim. Light the 
test flame and adjust so that it is the size of a bead % 2 inch in diameter. Heat the 
sample so that the temperature increases not less than 9°F. nor more than 1 1 °F. per 
minute. During heating, turn the stirring device from 1 to 2 revolutions per second. 
At every interval of 10°F. in temperature, discontinue stirring and apply the test 
flame by operating the device which controls the shutter and lowers the test flame 
into the shutter opening. Lower the test flame in 0.5 second and leave in a lowered 
position, for 1 second, then quickly return to the raised or high position. As soon as 
the test flame has been returned to the high position, resume stirring. The flash 
point is the temperature indicated on the thermometer at the time of the flame 
application that causes a distinct flash in the interior of the cup. The true flash 
must not be confused with the bluish halo that sometimes surrounds the test flame. 
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COLOR 

WESSON METHOD * 

The estimation of color by the Wesson method requires a Wesson Oil Colorimc 
ter (Greiner or Lovibond) which is standardized by the American Oil Chemist! 
Society as described here (The Lovibond Tintometer, Model D, was recently 
approved by the AOCS) 

The instrument consists of a light proof box with a dull black interior The 
colorimeter is illuminated by a 100-watt blue frosted Mazda electric light bulb. 
The colorimeter is maintained in a booth or cabinet, not less thin *10 inches wide 
and 30 inches deep The booth or cabinet is closed so that no external light an 
enter The inside of the booth is painted a dull neutral grey of Munsell value! 
The booth is illuminated by a 15 watt daylight bulb mounted 48 inches above 
the colorimeter box m an indirect fixture so that no direct rays strike die colorimc 
ter or the eye of the color reader The level of illumination m the booth at the 
top of the box of the colorimeter is to be not less than 1 nor more than 5 foot 
candles 

A block of magnesia 1 x 2% x 3% inches is placed in the designated location and 
at the proper angle to reflect the light from the electric bulb vertically upward 
through the color tube and color glasses 

The eyepiece is finished with a dull black interior and fits o\er (outside of) tic 
rect mgular top of the tube holder so that the light passes through the color tube 
and color glasses Eyepieces with split fields are not permitted for official trad ng 
trmsictions in vegetable oils but nevertheless do enable more precise readings in 
color ranges below about 2 0 red 

The tube holder (1 inch I D) is htted with ‘"He I D rings at the bottom One 
ring is to retain the color tube containing the oil sample and the oiher is to per 
mit an equal amount of light to reach the color glasses 

Lovibond color glasses of the following designations are also required 


Red 

01 

02 

03 

04 

05 

06 

07 

08 

09 


1 0 

20 

25 

30 

35 

40 

50 

60 

70 


76 

80 

90 

10 0 

11 0 

12 0 

160 

20 0 


Yellow 

1 0 

20 

30 

5 C 

100 

150 

20 0 

35 0 

50 0 


Blue As may be required for certain fats, notably lard. 


The red glasses must be standardized by the U S Bureau of Standards (Washing 
ton, D C) or adjusted by the Electrical Testing Laboratories (East End /\ve 
79th St , New York, NY) Color glasses above 1 0 red need not have the identical 
value as indicated on each gliss but the exact value of each glass must be known 
Keep the color glasses clean and free from oil film Handle them carefully an 
protect them from acquiring scratches It is especially important that every color 


glass be clean at the time of use 

T he color is measured m color tubes of clear, colorless glass with a smooth fw 
polished bottom and of the following dimensions length 154 mm overall ms* * 
diameter, 19 mm outside diameter, 22 mm The color tubes are provided "U 
two etched marks, one to indicate an oil column of 133 35 mm (5 25 inches) an 


another to indicate an oil column of 25 4 mm (I inch) t 

Procedure —Make certain that the sample is clear and free from suspended m- 1 
ter before determining the color because suspended material, even if of co101 
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dimensions, will cause light scattering. If filtration through paper (Eaton & Dike- 
man No. 512, Whatman No. 12, Reeve-Angel No. 871, or S & S No. 596) does not 
clarify the sample completely, add diatomaceous earth (0.5 gm./BOO gm. of sample) 
and mix together at 250 r.p.m. for 2-5 minutes at room temperature or at not more 
than 10°-15°C. above the melting point of the fat. Filter again through one of 
the designated papers. 

Adjust the temperature of the sample to 25°-S5°C. and fill a color tube to the 
etched mark. If the sample is not completely liquid at 25°-35°C., heat to a tem- 
perature of not more than 10°C. above the temperature of complete melting. 

Place the tube containing the sample in the colorimeter and place alongside it 
such red and yellow glasses as are necessary to match the brightness of the oil, 
observing the colors of the oil and glasses through the eyepiece. Refer to Table 
33-11 to determine the ratio of yellow glasses to red glasses that are to be used for 
various fats and oils. Some oils, especially soybean, are at times subject to abnor- 
malities in the composition of their pigment content. This results in the occur- 
rence of hues which cannot be matched, even approximately, using the fixed yellow 
or yellow to red ratio designated. If the indicated ratios fail to give a satisfactory 
match, make a second reading using the amount of yellow color required for a 
good match or the best possible match, and so note on the report. 

If the color of the oil or fat sample exceeds 40.0 red when using the regular 
133.35-mm. column, fill another tube to the 25.4-mm. mark and read the color 
under the same conditions as described for the longer column. It is assumed that 
any color result in which the column height is not designated has been read on a 
133.35-mm. column. 


FAC COLOR STANDARDS' 

The FAC Color Standards are a series of colored liquids of varying hues de- 
signed for grading the color of inedible animal fats. 

The set consists of 2G color standards, numbered with odd numbers from 1 to 
45, and divided into five series. Numbers 1 to 9, inclusive, for light-colored fats; 
numbers 11, 11 A, 11B, and 1 1 C for very yellow fats; numbers 13 to 19, inclusive, 
for comparatively dark fats of a reddish cast; numbers 21 to 29, inclusive, for fats 
with a greenish cast; numbers 31 to 45, inclusive, for very dark fats. For the rela- 
tionship between the standards see Table 33-12. 

FAC Color Standards should be kept in a cool, dark area when not in use to 
prevent change in the color of the standards. The sample is placed in clear glass 
tubes of the following dimensions for viewing: 10.5 mm. ± 0.25 mm. I.D.; 12.25 
mm. ± 0.25 mm. O.D.; 100 mm. long. 

Procedure .— The sample must be entirely liquid, but it should not be heated 
any more than is necessary to allow filtering. At the time of reading the tempera- 
ture shall not be more than 10°C. above the melting point. Filter the sample 
through filter paper (Eaton Dykeman No. 617 or Reeve-Angel No. 230), never 
using more than two papers. Pour the melted and filtered sample into a color 
tube. Compare the color of the sample with the color of the standards viewing 
the sample and standards simultaneously, preferably against a north light back- 
ground. The sample shall be reported as not darker than the standard which it 
matches or not darker than the darker of the two standards between which it falls. 
Any sample darker than 45 is reported as darker than 45. 
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Table 33-11 Ratio of Yellow/Red Glasses Used in Wesson Method 

The following ratios of yellow glasses to red glasses are to be used in determining color 
b\ (he Wesson Method, except where certain trading rules specify the >ellow and/or red 
glasses to be used ui determining given grades of oil 

T\pe of oil or fat Use yellow and red glass as listed below 

Crude coconut type 6 yellow to 1 red, up to 3 9 red 

25 yellow for 4 0 to 4 9 red 
30 yellow for 5 0 to 5 9 red 
35 yellow for 6 0 to 6 9 red 
40 yellow for 7 0 to 7 9 red 
50 yellow for 8 0 to 10 9 red 
70 yellow for 11 0 to 14 9 red 
100 yellow for 15 0 to 19 9 red 
1 50 yellow for 20 0 red or above 

Raw inedible oils 

Tallows, greases, fatty acids 10 yellow to 1 red, up to 3 5 red 
35 yellow for 3 5 to 5 0 red, inci 
70 yellow for above 5 0 red 

Use only 1 yellow glass 35 yellow for refined cotton 
seed oil and refined peanut oil 70 yellow for rt 
fined soybean oil Use not more than 2 red 
glasses up to and including 13 0 red and not more 
than 3 red glasses above 13 0 red 


10 yellow to 1 red, up to 3 5 red 
35 yellow for 3 5 red or above 

Coconut and palm kernel oils 6 yellow to 1 red, up to 3 9 red 

1 0 yellow to 1 red for 3 9 red or above 

10 yellow to 1 red, up to 3 5 red 
70 yellow for 3 5 red or above 

10 yellow to 1 red, up to 3 5 red 
35 vcllow for 3 5 red to 5 0 red, irtd 
70 yellow for above 5 0 red 

COMPOSITION OF FATS 
VOLATILE FATTY ACIDS 

The Reichert Mcissl and Polenske Values are used to measure volatile fat 1 ! 
acids which occur primarily in milk fats and launc acid oils The Reichcti let 4 ' 
and Polenske methods presented here are standard in most areas in whid' suCl 
analyses are made However these methods are highly empirical probably mote 
so than any other procedures used in the analyses of fats and oils No tleviation 


Soybean oil 

Tallows, greases, fatty 
acids, etc 


Refined and bleached oils 
Cottonseed, peanut and 
com oils 



NATURAL FATS 


1463 


Table 33-12. Visual Relationship in Intensity Between the FAC 

Color Standards 

FAC Tubes listed below are equal to or lighter than the corresponding tube in the 

left-hand column 

1 1 

3 1, 3 

5 1,3,5 

7 1, 3, 5, 7 

9 1,3, 5, 7, 9 

11 1,3,5,7,9,11 

1 1 A 1, 3, 5, 7, 9, 11, 13, 11A 

1 IB 1, 3, 5, 7, 9, 11, 13, 15, 1 1 A, 11B 

11C 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 11A, 11B, 11C 

13 1, 3, 5, 7, 9, 11, 13, 11A 

15 1, 3, 5, 7, 9, 11, 13, 15, 11A, 11B 

17 1, 3, 5, 7, 9, 11, 13, 15, 17, 1 1 A, 11B 

19 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 11A, 11B, 11C 

21 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21. 31, 33, 11A, 1 IB, 11C 

23 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, .31, 33, 35, 11A, 11B. 11C 

25 1, 3, 5, 7. 9. 11, 13, 15. 17, 19, 21, 23, 25, 31, 33, 35, 37, 11A. 1 1 B, 11C 

27 1, 3, 5, 7, 9, 11, 13, 15, 17, 19. 21, 23, 25, 27, 31, 33, 35, 37, 39, 11A, 

1 IB. 11C 

29 1, 3, 5, 7. 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 

43, 1 1 A, 11B, 11C 

31 1, 3, 5, 7, 9, 11, 13. 15, 17. 19, 31, 11A, 1 IB, 1 1C 

33 1, 3, 5, 7, 9. 11, 13, 15, 17, 19, 21, 31, 33, 11 A, 1 1 B, 1 1C 

35 1, 3, 5, 7, 9, 11, 13, 15, 17. 19. 21, 23, 31, 33. 35, 11A. 11B, 1 1C 

37 1, 3, 5, 7, 9, 11. 13, 15, 17, 19, 21, 23, 25, 31, 33, 35. 37, 11A, 11B, 11C 

39 1, 3, 5,7, 9. 11. 13, 15, 17, 19,21,23. 25, 27, 31, 33, 35, 37, 39, 11A, 1 IB, 

11C 

41 1, 3, 5, 7, 9, 11, 13. 15, 17, 19, 21, 23, 25, 27, 31, 33, 35, 37, 39 41, 11A, 

1 IB, 11C 

43 1, 3. 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 

43, 11A, HR, 11C 

45 1, 3. 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25 27, 29, 31, 33, 35, 37, 39, 41, 

43, 45. 11 A. 1 IB, 11C 

is allowable in either application or technique if results are to be meaningful. 
Chromatographic methods, recently developed, provide more accurate means of 
determining the individual fatty acids. 

The Rcichert-Meissl Value is a measure of volatile fatty acids (chiefly butyric 
and caproic) and the Polenske Value is an index of the insoluble volatile fatty 
acids (caprylic, capric, and lauric). 

RE1CHER T -MEISSL VALUE 

Procedure . 1 — Filter die oil or melted fat through filter paper to remove moisture 
and impurities. Weigh 5.0 g. of sample into the distillation flask (see Fig. 33-10). 
Add 20 ml. of a mixture of glycerol and 50% sodium hydroxide solution (180 + 
20, v/v) and heat until die fat is completely saponified. The solution should be 
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dear Add 135 ml of recently boiled distilled water, drop by drop at first to 
axoid foaming and then add 6 ml of dilute sulfuric acid (20%, \/\) and a fen 
pieces of pumice stone 

Distill without previously melting the fatty acids at such a rate that 110 ml ate 
collected in as nearly 30 minutes as 
possible 1 be temperature of the dis- 
tillate entering the recen ing flask must 
not exceed 20 ’C When exactly 110 
ml of distillate base been collected 
discontinue heating and replace there 
ctiser In a 25 ml cylinder 
Mix the contents of the recosery 
Hash gent Is and then immerse in a 
water bath at IS'C for 15 minutes 
h liter the distillate through filter paper 
and titnte 100 ml of the distillate 
with 0 1 A' sodium hydroxide solution 
using 0 5 ml of phenolphthalein (1% 
in D5% alcohol) to the appearance of 
a pink color which persists for 2 5 
minutes 

Prep ire and conduct a blank, deter 
ruination similar in alt respects except 
for omission of the sample 
The Reichert Meissl Value MX 
(titration of sample — titration of 
blank) 

rOlFMM JALUt 
Procedure. 1 — Wash the residue on 
the filter paper with three 15 ml pot 
nous of distilled water, each hating 
1 ic 33 10 Reichert Meissl I’olcnske Distil been l ,re ' 10ll5,v l ,assed throll 8 h 

lation Vppanttis condenser, the 25 ml cylinder and me 

110 ml receiving flask Discard these 
water washings Wash the residue on the filter paper again to dissolve the insolu 
ble acids this time using three 15 ml portions of 95% alcohol which hate been 
previously neutralized Titrate the alcohol solution with 0 1 A r sodium hydroxi t 
using 0 5 ml of phenolphthalein to the appearance of a pink color which 
persist for 2 to 3 minutes Conduct a blank determination similar in all respect* 
except that the sample is omitted 

The Polemke Value = titration ol sample — titration of blank. 

BUTYRIC ACID 24 ^ 

The reagents required for the chromatographic determination of butyric 
include . j or 

Reagents. Silicic Acid —Heat the acid in a shallow pan or evaporating 9 ,sl 
18 hours at 175°C and store it in a desiccator or in a tightly sealed contunei 
2 * Anglin. C and Mahon J H J Assoc Off \gn Chemists 39, 365 1956 
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Bromocresol Green-Glycol Solution.-Dissolve 700 mg. of bromocresol green in 
700 ml. of ethylene glycol by warming on steam bath. Cool and then add about 
200 ml. of water. Prepare 0.1 N ammonium hydroxide by diluting about 6.6 ml. 
of ammonium hydroxide (sp. gr. 0.90) to 1 liter with water. Add 40 ml. of this 
solution to the indicator solution and then add additional water to make 1 liter. 
Store this ink-blue solution in a glass-stoppered bottle. 

Packing Material.— Mix 100 g. of silicic acid with about 95 ml. of bromocresol 
green-glycol solution until a homogeneous olive-green powder is obtained. The 
mixing may be done in small batches in a mortar or in larger batches in a mechani- 
cal mixer. Prepared packing material may be stored in a tightly stoppered con- 
tainer for several months. 

Hexane-Butanol Mixture.— Add one volume of n-butanol to 100 volumes of n- 
hexane. 

Isopropanol-KOH Solution.-Dissolve 25 g. of potassium hydroxide pellets in 400 
ml. of isopropanol by warming and swirling on a steam bath. Cool and decant the 
supernatant isopropanol-potassium hydroxide solution, which should contain about 
50 mg. of KOH/ml. Store in a refrigerator. 

Potassium Hydroxide Solution, Approximately 0.05 N .— Dilute 60 ml. of the iso- 
propanol-KOH solution with 440 ml. of isopropanol and 500 ml. of methanol. 
Store in an amber bottle. 

Thymol Blue Solution.-Dissolve 300 mg. of thymol blue in 25 ml. of 0.05 N 
alcoholic potassium hydroxide solution and add 75 ml. of isopropanol. 

Procedure. Preparation of the Sample.— Place 0.5-0. 7 g. of well mixed, melted 
fat in a 20xl50-mm. test tube. Add 5 ml. of isopropanol-potassium hydroxide 
solution and some boiling chips. Place the tube in a boiling water bath to saponify 
the fat and evaporate the isopropanol, leaving the solid soap. 

Determine the amount of dilute sulfuric acid (2+1, v/v) equivalent to 5 ml. of 
isopropanol-potassium hydroxide solution in 10 ml. of water containing 2 drops of 
thymol blue solution by placing these in a small beaker or flask and adding dilute 
sulfuric acid dropwise until the color becomes red. 

Place the test tube containing the saponified fat in a cold water bath and add 
the indicated quantity of dilute sulfuric acid. Break up the lumps in the bottom 
of the tube with a glass stirring rod. After thoroughly mixing the mass in the 
test tube, a yellow mixture of fatty acids clinging to a viscous aqueous layer of 
potassium sulfate should result. Add ten ml. of the hexane-butanol solution and 
again mix thoroughly with the glass rod. The aqueous phase should now cling 
to the precipitate of potassium hydroxide allowing easy separation. Decant the 
hexane-butanol solution of fatty acids which is ready to be chromatographed. 

The top of the chromatographic column should be yellow. If the top of the 
chromatographic column turns blue on the addition of the fatty acid solution, the 
need of more sulfuric acid is indicated. 

Preparation of the Column.— Prepare a chromatographic column by fusing a 
1 5-cm. section of glass tubing (38 mm. O.D.) to a 20-cm. section of glass tubing 
(22 mm. O.D.) and this in turn is fused to a 5-cm. length of 7-mm. tubing with a 
drawn out tip. Overlay 35 g. of packing material with the hexane-butanol mixture 
in a mortar and mix with a pestle to form a slurry. Place a small glass wool plug 
loosely in the constricted end of the column and gently tamp it into place with 
a glass rod. Place a finger over the constricted end of the column and add the 
hexane-butanol mixture until the reservoir is half full. With the aid of a teaspoon, 
underlay the prepared slurry beneath the solvent. Move the spoon up and down 
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MONOGLYCERIDES 

The mono- and diglycerides are fatty compounds in which two, or one respec- 
tively, of the fatty acid radicals of the triglyceride molecule are replaced by hy- 
droxyl groups. Commercial monoglycerides containing both isomers are used ex- 
tensively for fat emulsification purposes. There is no standard method for the 
estimation of diglycerides but they have been determined chromatographically. 

PERIODIC ACID METHOD « 

Prepare the periodic acid solution by dissolving 5.4 g. of periodic acid (reagent 
grade) in 100 ml. of distilled water and adding 1900 ml. of glacial acetic acid. 
Protect this solution from light during storage. 

The suitability of this reagent for the estimation of monoglycericle is determined 
by the following test: To 0.5-0. 6 g. of pure glycerol dissolved in 50 ml. of distilled 
water, add 50 ml. of the periodic acid solution. Prepare a blank by adding 50 ml. 
of periodic acid to 50 ml. of distilled water. Allow the solution and blank to 
stand for 30 minutes and then titrate them as described later for the estimation of 
monoglyceride. The titration of the solution containing the glycerol divided by 
the titration of the blank should be between 0.75 and 0.76; if not, the periodic acid 
is unsatisfactory. 

Evaluate the suitability of the chloroform by titrating two 50-rnl. portions of 
periodic acid solution, one containing 50 ml. of chloroform and the other con- 
taining 50 ml. of water. These titrations should differ by no more than 0.5 ml. 

Preparation of Sample.— The samples should be homogeneous. If melting is 
necessary, the temperature during melting should not exceed 10°C. above the 
melting point of the fat. Excessive heating may lead to a reduction in the mono- 
glyceride content of the sample. Some commercially produced monoglycerides 
contain free glycerol. In such instances, withdraw the portion to be weighed and 
analyzed while the sample is completely liquid and under vigorous agitation. 

Procedure for Alpha-Monoglycerides.— Weigh accurately the size of sample indi- 
cated in Table 33-13 depending upon the monoglyceride content. 

Table 33-13. Size of Sample Required for Determination of Monoglyceride 


onoglyceride, % 

Size of Sample, in g. 

100 

0.30 =fc 0.0002 

75 

0.40 ± 0.0002 

50 

0.60 ± 0.0003 

40 

0.70 ± 0.0005 

30 

1.00 ± 0.001 

20 

1.50 ± 0.001 

10 

3.00 ± 0.002 

5 

6.00 ± 0.004 

3 or less 

10.00 =fc 0.01 


Dissolve the sample in chloroform and transfer the solution to a 100-ml. glass- 
stoppered volumetric flask with small portions of chloroform. Add sufficient 
chloroform to the flask to bring the total volume to 100 ml. Pour the entire con- 
tents of the volumetric flask into a 500-ml. glass-stoppered Erlenmeyer flask and add 

" 5 P°hlc‘, 3V. D„ anil Mehlenbacher, V. C., J. Am. Oil Chemists’ Soc., 27, 51, 1950. 
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100 ml of distilled niter If emulsions form which will not separate use 100 ml 
of 5% acetic acid instead of distilled water Stopper the flash and shake the con 
tents rigorously for 1 minute and then allow the mixture to stand until the aqueous 
phase separates fiom the chloroform layer This usually requires from I to 3 hours 
After separation the chloroform layer should he clear or it most only slightly 
cloudy Pipet oO ml of periodic acid reagent into a 400 ml beaker and add 50 ml 
of the chloroform solution of the sample Prepare and conduct blank determina 
tions similar to the simple in all respects but using 50 ml of chloroform instead of 
the sample solution Swirl the beikers gemlv to mix 
Cover the beikers with watch glasses and illow the solutions to stand for 30 
minutes At no time allow the temperature of the sample solution or the tem 
peratUTe of the blank to exceed 9o°F Add 20 ml of 15% potassium iodide and 
swirl to mix Allow to stint! for at least 1 minute but never more than 5 minutes 
before titrating md avoid strong sunlight Add 100 ml of distilled water and 
then titrate with 0 1 \ sodium thiosulfate solution using an electric stirrer to keep 
the solution thorough mixed Continue the titration to the disappearance of 
the brown iodine color from the aqueous layer Add 2 ml of starch indicator 
(10 g /liter of water) and continue the titration to the disappearance of the blue 
lodo starch color from the aqueous layer Vigorous agitation of the solution u 
essential for complete removal of iodine from the chloroform layer 
The correct excess of periodic acid is essential and critical The correct excess 
of reagent is governed bv the selection of the proper sue of sample is indicated n 
Table 33 13 and it miy be further confirmed by the following criteria The titra 
non of the sample should be at least 0 8 of the titration of the blank if it is not 
use a smaller sample If the titration of the blank minus the titration of the sample 
is less than 4 ml use a larger sample but the size of the sample should never ex 
ceed 10 g 

^ w , (B-S)X \ X 17 927 

Vc a Monogiv cende — — 

where B — titration of blank 
S = titration of sample 

A = normality of sodium thiosulfate solution and 
H = weight of sample in aliquot 
17 927 = molecular weight of monosteann 20 


Procedure for Total Monoglycertdes ' 1 ransfer about 90 ml of the chloroform 
solution to i glass stoppered Erlenmeyer flask and add 0 08 ml of 56% perchloric 
acid Shake the flask and contents for 1 minute and then allow to stand for !) acldi 
tional minutes Pipet o0 ml of the periodic acid solution into a 400 ml beaker 
add 50 ml of the chloroform sample solution and allow to stand for 30 minutes 
Determine the total monoglyceride content as previously directed for the deiermi 
nation of a monoglyceride beginning with the addition of potassium iodide Pre 
pare and conduct a blank The same precautions with regard to temperature 
should be practiced as before 


% Total monogly ceride — 


1 15 {B - S) X NX 17 927 

II 


% 0 Monogly cende — % total monoglvceude — % a monogly cende 
s® Brokaw G Y Perry E S and Lyman tt C J Am Oil Chemists Soc 32 191 !*•» 
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FREE AND COMBINED GLYCEROL IN FATS AND OILS 


PERIODIC ACID METHOD i 

Reagent .— Prepare the periodic acid reagent for the determination of glycerol 
by dissolving 5.4 g. of periodic acid in 100 ml. distilled water and then adding 
1900 ml. of glacial acetic acid. Mix the solution thoroughly and store it in a 
dark, glass-stoppeied bottle or keep it in a clear, glass-stoppered bottle which is 
maintained in a darkened area. 

Procedure for Free Glycerol— Weigh about 10 ± 0.01 g. of the sample, wash 
into a 1-liter volumetric flask with 90 ± 0.2 ml. of chloroform. Add approximately 
500 ml. of distilled water, insert a stopper and shake the flask vigorously for 30 to 
GO seconds. Add distilled water to make 1 liter, inseit the stopper, and invert 
the flask several times to assure thorough mixing. Allow the mixture to stand 
until the chloroform and aqueous portions separate. 

Transfer with a pipet 50 ml. of periodic acid into a 400-ml. beaker, and add 
100 ml. of the aqueous portion of the sample solution (filtered if it contains sus- 
pended matter) from the 1 -liter flask. Shake or swirl gently to mix. Allow to 
stand for 30 minutes, add 20 ml. of 15% potassium iodide, mix and then allow to 
stand for at least 1 but not more than 5 minutes. Avoid bright light. 

Dilute the contents of the beaker to about 200 ml. and then titrate with 0.1 N 
sodium thiosulfate solution using 2 ml. of starch solution as the indicator. 

Prepare and conduct a blank determination similar to the sample using 100 ml. 
of distilled water in place of sample. The titration of the sample (ml. of 0.1 N 
Na 2 S y 0 3 ) must be at least 0.8 of the titration of the blank; otherwise, there is in- 
sufficient excess of periodic acid. In this tase, repeat the determination using a 
smaller portion of the sample. 


% Free glycerol = 


(B - S) X A r X 2.302 
Wt. of sample in aliquot titrated 


where B — titration of blank, 

d" = titration of sample, and 
N = normality of sodium thiosulfate solution. 


Procedure for Total ( Free and Combined ) Glycerol .— The size of sample to 
weigh and the amount of alkali and chloroform required are indicated in Table 


33-14. 


Table 33-14. Size of Sample and Quantities of Alkali and Choloroform Re- 
quired for Determination of Total Glycerol in Fats 


Total 

Approximate 

Glycerol 

Size Sample 

% 

g- 

10 to 40 

2 ± 0.001 

5 to 20 

4 ± 0.003 

2 to 8 

10 ± 0.01 


Alcoholic 


Potassium 

Chloroform 

Hydroxide 

To Be 

{40 g./ liter ) 

Added 

ml. 

ml. 

50 

99 ± 0.2 

50 

96 ± 0.2 

100 

91 ± 0,2 
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Place the weighed simple and indicated alkali in an Erlenmeyer flask attach 
an air condenser to the ihsh and boil the mixture gently for 30 minutes t 0 
svpomh the fat Wash down the condenser with a little distilled water and pour 
the contents of the flisk into a 1 liter volumetric flask to which has previously b een 
added the indicated quantity of chloroform Add 25 ml of glacial acetic acid to 
the volumetric flish Wash the Lrlenmeyer flask with three 2a ml portions of dis- 
tilled water and transfer all of the washings to the volumetric flask Add about 
500 ml of distilled w iter to the volumetric flask stopper and shake vigorously for 
30 to 6(1 seconds Add distilled water to bring the volume to 1 liter Insnt ih» 
stopper and invert the flask several times to assure thorough mixing Allow to 
stand until the iiyers separate 

The procedure from tlus point and the calculations are the same as previously 
described for Irec glyceiol using aliquots of the aqueous portion withdrawn from 
the I liter volumetric flisk I he combined glycerol equals the total glycerol minus 
the free glycerol 

POL\ UN SATURATED FATT\ ACIDS 

L LTRAl IOLET SPrCTROPHOTOMTTRIC METHOD 1 
Apparatus —The apparatus required for the detenrnmtion of polyumiturattd 
fatty auds iccording to the method of the American Oil Chemists Society should 
comjilv with the following specifications 
The ultraviolet spectrophotometer should cover a spectral range of 220 m# to 
300 mu with wavelength scale readable to 0 I mu It should be provided with a 
compartment for holding 1 000 to 10 000 cm cells The Beckman Model DU with 
hulrogcn discharge hmp is satisfactory Adjust the Beckman specuophotometei 
in the following mmnei before using Open the slits of the Beckman instrument 
to the maximum width of 2 0 mm and turn the sensitivity knob to the counter 
clockwise limit Then adjust the focus of the hvdrogen discharge lamp with no 
absorption cell m the beam so that the meter balances at the lowest possible waie 
length (usually 211 m/* or lower) In miking absorption measurements, the sensi 
tivny control is usually set at 3 counterclockwise turns from its clockwise limit, the 
slit width control is usually employed as a coarse adjustment for balancing the 
instrument and the sensitivity control for final adjustment In general width of 
the sht is critical in this method only foT absorption measurements at 262, 268, and 
274 niM When making ibsorption measurements on isomenzed samples in this 
region the slit width at the final balancing adjustment must be 0 8 to 0 9 mm 
The absorption cells should be quartz with matched pairs of lengths 1000 to 
10 00 ± 0 005 cm The cells of a pair when filled with water or isooCt3ne must 
nntch within 0 01 absorbance units Use the nondemoun table type made ol 
quartz or the demountable type consisting of Pyrex glass cell body of outside diaro 
eter of about 22 mm with centered ground glass stopper, threaded metal caps 
polished crystalline quartz windows, and cork gaskets 
Jicngenfs.— The reagents should comply with die specifications given below or 
purified accordingly 

Absolute Synthetic Methanol or Ethanol —Check the absorbance of I cm layer 
of methanol against distilled water at 220 m/i and through the range of vmelengtlw 
employed in the analysis The absorbance at 220 m/t compared with distilled 
water set at zero density must be less thin 0 4 and the curve should be smooth m 
the range 262 to 322 nvji If die alcohol does not comply with the foregoing 
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specifications, purify it according to the following procedure. Place 2000 ml. of 
methanol into a 3-liter distilling flask, double-neck type. Add to the flask 10 g. 
of potassium , hydroxide (reagent grade) and 25 g. of zinc powder. Place a glass 
stopper in 1 outlet of the flask and a reflux tube in the other. Reflux on the 
steam bath for 3 hours. Remove from the steam bath and replace the reflux tube 
with a trap, 75° connecting tube, and condenser. Place the flask in a water bath 
or electric heating mantle and heat to distill the methanol. Collect the distillate in 
a 2-liter Erlenmeyer flask. Determine the absorbance and if it complies store in 
a glass-stoppered bottle for further use. . . 

Isooctane (2,2,4-trimethylpentane), spectral grade, should be purified to comply 
with the specific requirements for absorbance. Hexane and cyclohexane are also 
satisfactory providing they comply with the specification for isooctane. Place 
about 3W of glass wool above the stopcock at the lower end of a 32" x 1%" filter 
tube. Add about 12" of silica gel. Fasten the tube vertically to a ring stand and 
pour the isooctane into the tube, filling it about three-fourths full. Insert a cork 
stopper covered with aluminum foil loosely in the top of the tube and allow the 
isooctane to filter through the silica gel. Renew the silica gel in the tube as often 
as necessary to yield isooctane conforming to the required absorbance limits. 

Check the absorbance of a 1-cm, layer of the isooctane against distilled water 
tlnough the range of wavelengths used in the analysis. The absorbance compared 
with distilled water set at zero absorbance must not be more than 0.070 at all 
wavelengths and the resultant absorbance vs. wavelength curve must be smooth; 
otherwise, repeat the filtration and recheck the absorbance. 

Potassium Hydroxide-Glycol Solution, 6.6% IfOH for 25-Minute Isomerization.— 
Weigh about 750.0 g. of ethylene glycol into a 1-liter round-bottom Pyrex flask. 
Close with a hollow ground-glass stopper which contains a short outlet tube and 
an inlet tube reaching to the bottom of the flask. Connect the inlet to an oxygen- 
hee uitiogen supply and bubble the gas through the liquid to exclude all air and 
to agitate the liquid slightly. Place an oil bath maintained at 100° to 150°C. 
around the flask. Raise the bath temperature to 190°C. and hold this temperature 
lor 10 minutes. Lower the bath and allow the bath temperature to drop to 120°C. 
When the bath temperature reaches 120°C., carefully add 60 g. of potassium hy- 
droxide (85%, A.C.S. grade pellets) to the glycol, keeping the solution under agita- 
tion with nitrogen (50 to 100 ml. per min.). Remove the bath and allow the KOH- 
glycol solution to cool. Remove the hollow glass stopper and close with a solid 
glass stopper. Store in a refrigerator at about 40°F. under nitrogen. Neutralize 
about 90 ml. of methanol with 1 N hydrochloric acid using phenolphthalein indi- 
cator. Add 10.00 g. of the KOH-glycoI solution, mix thoroughly and add 0.5 ml. 
of phenolphthalein indicator solution. Titrate with standardized hydrochloric acid 
until the pink color has just disappeared. 

% Potassium hydroxide = normality X5M 

Wt. of solution 

If the alkali-glycol solution is above the designated strength of 6.5-6.6% KOH it 
may be adjusted by the addition of glycol, previously dried at 190°C. as already de- 
scribed. 

Piepare the 21%-KOH solution in a similar manner but use 210 g. of 85% KOH 
pellets instead of 60 g. The limits for this solution are 21 ± 0.1% KOH. 
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Procedure for Conjugated Polyunsaturated Acids —Weigh accurately into a I ml 
Pyrex cup sufficient sample to gnc an absorbance reading of 0 2 or more This is 
usually about 200 mg Place approximately 75 ml of purified isooctane, hexane 
or cyclohexane in a 150 ml beaker Hold the cup just above the solvent and allow* 
it to drop to the bottom ol the beaker Route the beaker and warm the contents 
if necessary to promote solution of the simple T lien cool the beaker and con 
tents to room temperature and qu intitatncly tiansfei the solution to a 100-m! 
glass stoppered volumetric flask and add sufficient solvent to bring the volume to 
100 ml Mix thoroughlv Dutimint the absorb nice oi the solution in the ultra 
violet absorption spectophotometer, following the manufacturer & instructions for 
operating the instrument Use i matched cell containing only solvent as the 
blank cell 

Determine the absorbance leadings at 5/6, 322, 5/5 308, 274 26S 262, and 254 
nip, diluting the original solution and/or using other cell lengths if necessary so 
that the observed densities arc between 0 2 and 0 8 Record the cell length grams 
of sample m a liter of the final dilution used for the measurement, and the ab- 
sorbance reading for each wavelength Readings are not necessarily required at all 
wavelengths for all samples II the history of the sample is known, it is not neces- 
sary to make readings at wivelengths higher than those which correspond to the 
most highly uusituraied tetds known to be present It is convenient to make read 
ings on both sides of the wavelengths italicized to .ascertain that a maximum is 
present A component is assumed to be absent if a maximum is not found in the 
characteristic region and no further calculations are made in this region 

Procedure for Nonconjugated Polyunsaturated Acids Using 6 6% KOH and 2f 
Minute Isomerization —This method is preferred where the sample contains only 
linoleic and linolenic uns i tuna ted acids Weigh about 100 mg of sample into a 1 
ml Pyrex glass cup and weigh 11 0 ± 0 1 g of the 6 6% KOH glycol reagent into 
a 250 x 25 mm test tube Prepare and conduct 2 blanks with each group of samples 
Cover the test tube with a distributing head attached to a manifold winch will 
permit passing nitrogen (containing no more than 0 01% oxygen) over the con 
tents of die tubes at the rate of 50-100 ml /min Start and adjust the flow of nitro- 
gen and allow the gas to sweep through the tube for about 1 minute to replace the 
air, and then immerse the tube and contents to a depth of 115 cm in a batn 
maintained at 180 0° ± 0 5°C Maintenance at this temperature is important and 
should be checked frequently Remove the distributing head after 20 minutes 
of heating and drop the 1 ml glass cup containing the weighed sample into the 
test tube Observe the exdct time when the cup is dropped into the tube and re 
place the distributing head Conduct the KOH glycol blank in a similar manner 
but use a clean 1 ml glass cup and omit the sample Keeping the distributing 
head in place, remove each test tube from the bath and swirl vigorously for a few 
seconds and then return to the bath After heating for 1 minute, remove and e\ 
amine the solution in each tube If the solution is clear, indicating complete 
saponification, return the tube to the bath If the solution is not clear, swirl the 
test tube two or three times and again return to the bath Repeat the inspection 
after 1 minute of heating and continue the swirling, healing and inspection until 
saponification is complete Exactly 25 minutes after dropping the sample into the 
test tube, remove the tube from the bath, wipe it clean, and place it in a 3000 -ml 
beaker containing cold vvatei Continue to pass nitrogen over the solution during 
the cooling process When the solution has cooled to room temperature, remove 
the head from the lest tube and wash the lowvi tubing on the head with alHJUt 3> 
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ml. of methanol, collecting the washings in the test tube. Use a long glass stirring 
rod to mix and quantitatively transfer the contents of the test tube to a 100-ml. 
glass-stoppered volumetric flask. Dilute to volume with methanol and mix thor- 
oughly. 

Determine the absorbance readings at 346, 322, 315, 308, 274, 268, 262, and 233 
m fi, using dilutions such that the absorbance values will lie between 0.2 and 0.8. 

Procedure for Nonconjugated Polyunsaturated Acids Using 21 % KOH-Glycol 
Reagent and 15-Minute Isomerization— This method is preferred for the analysis 
of samples containing linoleic, linolenic, and arachidonic acids and it is essential 
when linoleic, linolenic, arachidonic, and pentaenoic acids are present. 

This procedure is performed as directed in the preceding method except that 
the reagent is 21% potassium hydroxide in ethylene glycol, the sample size is 80 
mg., and the isomerization period is 15 minutes. 

Calculations. Absorptivities for Conjugated Constituents.— Calculate the absorp- 
tivity (a) for each wavelength, using the following equations where 


A 



where A = observed absorbance at each wavelength, 
b = cell length in cm., and 

c = concentration in grams of sample per liter of the final dilution used for the 
absorbance measurements. 


The subscripts 2 , 3 , 4, and - used in these calculations refer to the diene, triene, 
tetraene, and pentaene constituents, respectively. 


<22 at 233 m/i corrected for absorption due to acid or ester groups = <2233 — tfo 
where op = 0.07 for esters, 0.03 for soaps and fatty acids. 

03 at 268 m<< corrected for background absorption = 2.8 

04 at 315 mjt corrected for background absorption = 2.5 

05 at 346 mu = 0346 


fas is — 


<7303 T 0322 ' 


fuses — 


0262 T 0274 > 


Conjugated Acids.— If the quantities within the parentheses are zero or negative, 
no characteristic maxima are present and the corresponding constituent is negative. 
Preformed constituents are usually present in small quantities so that corrections 
for background absorption are usually required. No background is applied to 
readings in the pentaenoic region; that is, at 346 m^. 

% conjugated diene. C> = 0.91 <z> 

% conjugated triene, C 3 = 0.47 03 
% conjugated tetraene, C 4 = 0.45o4 
% conjugated pentaene, C 5 = 0.39<2s 

Absorptivities for Nonconjugated Constituents Using 6.6% KOH-Glycol Reagent 
and 25-Minute Isomerization.— Calculate the absorptivities (a’) for each wavelength 
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using the following equations where a = — These equations invohc the appro 
pnate corrections at each wavelength 

a'r — g , '>33 — oi — 0 03 

/ A A1 ( t 0,262 + 

a j = 4 03 2«s J — ai 

o h, ( / a, ®° 8 + a, 322\ 

a 4 = i Uo \a 315 ) ~ a 4 

A onconjugated Acids Using 6 6% KOH Glycol Reagent and 25 Minute Isomerui 
tion (Without Background Correction- 
s' hnoleic acid = 1 086 a 2 — 1 324 (a Vs — 025 *) + 0 040 (a'jj, — a J15 ) 

% hnolemc acid = 1 980 (a’ 2 t& — a»s%) — 4 92(a'ji5 — aj«) 

% arachidonic acid = 4 63 (a' 3 is — a 3 is) 

Nonconjugated Acids (Ifit/i Background Correction) — 

% hnoleic acid = 1 086a •> — 1 324 <j' 3 + 0 40a'i 
% hnolemc acid = 1 980a' 3 — 4 92a'4 
% arachidonic acid = 4 69 a\ 

Absorptwities for Konconjugated Constituents Using 21% KOH Glyiol Reagent 
and 15 Minute Isomerization — Calculate the absorptivity (a ) for each wavelength 
using the equations previousl) designated 

o ' 2 =* fl'233 — 02 
a 3 = a jbh — aj6s 
a\ — a 315 — a 3 is 

o 5 — o 346 — 17315 

Nonconjugated Acids Using 21% KOH Glycol Reagent and 15 Minute Isomtn 
zation —The spectrophotometnc method will not differentiate between C_„ and C 
pentaenes If chain length is unknown it is assumed that both are present w 
equal quantities and the third set of equations given below is used 

For samples containing C 2 q pentaene acid 

% hnoleic acid = 1 09a'2 — 0 57a' j — 0 26a' 4 + 0 002a's 
% hnolemc acid = 1 10a' 3 — 0 88a'4 + 0 3 la's 
% arachidonic acid = 1 65 a\ — 1 55a's 
% pentaenoic acid = 1 14a' 5 
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For samples containing C 22 pentaene acid : 

% linoleic acid = \.09a'i — 0 . 57 a '3 — 0.26a'.i — 0 . 12 a '5 
% linolenic acid = l.lOa '3 — 0 . 88 a '4 ~ 0.02a' s 
% arachidonic acid = 1.65a'4 — 1 . 86«'5 
% pentaenoic acid = 1.98a's 

For samples containing pentaene acids of unknown chain length: 

% linoleic acid = 1.09a'o — 0.57 a ' 3 — 0.26a'4 — 0.03a ' 5 
% linolenic acid = 1 . 10 a ' 3 — 0 . 88 o '4 -f- 0.19a ' 5 
% arachidonic acid = 1.65a'4 — 1.67a'$ 

% pentaenoic acid = 1.45a's 
Total composition: 

% Conjugated polyunsaturated fatty acid = a summation of the diene, triene, tetraene, 
and pentaene constituents determined. 

% Nonconjugated polyunsaturated fatty acid = a summation of the dienoic, trienoic, 
tetraenoic, and pentaenoic acids determined. 

The oleic acid content can be determined from the iodine value of the sample and the 
following equation: 

% Oleic acid 

I.V. - (1.81 1(C 2 + X) + 2.737C 3 + Y) + 3.337(C 4 + Z) + 4.014 (C 5 + P) 

0.899 

where C 2 , C 3 , C4, C 5 are conjugated diene, triene, etc. and X, Y, Z, and P are % linoleic, 
linolenic acids, etc. 

% Saturated acids = % Total fatty acid — (% oleic acid + % conjugated acids 

+ % nonconjugated acids) ; 

the % total fatty acid content of most natural oils is 95.6. 

FATTY ACIDS 

GAS CHROMATOGRAPHY 

The GLC procedure for analyzing fatty acids involves passing a sample of the 
fatty mixture to be analyzed through a heated column by means of an inert carrier 
gas such as nitrogen or helium. In the column is contained a stationary phase 
precoated over an inactive substance such as diatomaceous earth. The components 
of the mixture are eluted with the gas and resolved in the column. When the in- 
dividual components of the mixture arrive at the exit end of the column, they are 
detected and measured by some suitable means. 

The retention time is a measure of the time required for a given component to 
pass through the column. While the retention time is related to the compound 
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and the stitiouary phase it is also mlluenced by other factors including design of 
the column and the method of operation ol the column 3 

Even though a relatively new technique gis chromatography provides the best 
procedure nulablc tor the separation of fatty acid mixtures and lor the deternuna 
non of the individual constituents of such mixtures 

There are available on the commercial market several instruments for perform 
ing gas chromatography which appear to yield satisfactory and comparable results 
It appears that some iititude in apparatus is tolerible houever it should be noted 
that the details of operation and muliod miy fuse to be modified to correspond 
with any given unit 

Apparatus —The essential features ol the assembly of apparatus are these 

Column— Glass or stainless steel '/ inch ID 6-10 feet in length but oilier 
lengths have been used Inlet temper iturc must be approximately aO°C above 
column temperature 

Detector —Sever il types are available based on conductivity ionization density 
etc This should be maintained at the temperature oi the column or at not more 
than 25°C above 

Recorder— 0 to 1 im ringe 1 second full scale deflection with a chart speed of 
i inch/mm Attenuator switch to change recorder range should be provided 

Carrier Gas —Inert gas such as nitrogen helium or argon 

Supporting Phase -A speci if grade of Cclite design ited is Ghroniasorb \\ is 
most generally used 

Stationary Phase —Most commonly employed have been the aziepons and the 
polyesters of adipic or succinic icids When the former are used the fatty acd 
esters exit from the column in the order of boiling point When the polyesters 
are used the exit is in the order ol decreeing siturihon for the same number of 
carbon atoms There is therefore improved resolution with the polyesters and ol 
these the esters of succinic acid seem to be preferred 

Preparation of the Methyl Esters— The practice is to employ the methyl esteis 
of the fatty acids for analysis The two methods for the preparation of the methyl 
esters presented here are relatively rapid and easy to perform 

Triglycerides Add 0 15 g of sodium hydroxide (pellets) to 22 8 g of anhydrous 
methanol Heat to 70°C to dissolve the alkali This reagent may be stored for 
future use 

Place 0 8 ml of the methanol alk ill reagent in a test tube and he it to 70 C 
Add 2 0 g of the sample of triglyceride preheated to 80°C Stir and heat at 80 C 
until glycerol separates Allow to stand at 80“C for 5 minutes and then decant 
the methyl esters Evaporate any remaining methanol from the esters under re 
duced pressure after decanting 

Fatty Acids *— Place 1 liter or reagent grade methanol m a 2 liter flask Weigh 
the flask and contents ancl then cool them in an ice bath With the flask still 1 1 
the bath boron trifluoride is bubbled through a glass tube into the methanol untl 
125 g are taken up This operation should be performed in a good fume flood 
and the gas should not be allowed to flow so fast that white fumes emerge from the 
flask The boron trifluoride must be flowing through the tube before it is placed 
in and until it is removed from the methanol or the liquid may be drawn into 
the gas cylinder valve system 

2* Metcalfe L 1> and Schmitz \ A Anal Cheni 33, 363 1961 



NATURAL FATS 


1477 


Esterification Procedure.— Place 100-200 mg. of fatty acids in a 20x 150 mm. 
test tube, and add three ml. of boron trifluoride-methanol reagent. Place die mix- 
ture on a steam bath and allow to boil for 2 minutes. Recover the esters by the 
appropriate procedure following. 

For Acids of More Than 10 Cai bons .— Wash the boiled mixture into a 125-ml. 
separatory funnel with 30 ml. of petroleum edier (b.p. 40-60 o C., reagent grade, 
redistilled) and add 20 ml. of distilled water. Shake the funnel vigorously and 
allow the layers to separate. Drain and discard the aqueous-methanol layer. Re- 
move the petroleum ether layer and filter dirough filter paper into a 50-ml. beaker. 
E\aporate on a steam bath and then remove any remaining solvent under reduced 
pressure. 

Foi Acids of Less Than 10 Carbons .— Transfer the boiled mixture into die separa- 
tory lunnel with 20 ml. of water, mix the contents and allow the layers to separate. 
Remove the top ester layer from the lower aqueous layer, and filter or centrifuge 
to remove small amounts of entrapped watei. 

Procedure.— With gas flowing through the apparatus, adjust to the desired oper- 
ating temperature and record a baseline to check the stability of the instrument. 
Whatever the selected temperature, it must be kept constant at this level. A 
range of 180°-210°C. will probably include the temperature levels used by most 
of the laboratories in die country. A new column should be conditioned before 
use by holding at the operating temperature with gas flowing through it for 24 
hours. 

The properly selected gas flow rate will permit elution of the C-18 and shorter 
chain acids in 30 minutes. The inlet pressure and gas flow rate necessary to accom- 
plish this will vary between columns and instruments used but will be relatively 
constant for a single apparatus. The inlet gas pressure should not exceed 40 
pounds per square inch. 

Use a suitable hypodermic syringe (0.01-ml. capacity) to introduce 2 to 5 micro- 
liters (0.002-0.005 ml.) of the esters into the sample inlet port. A small peak should 
show on the recorder chart due to air. This serves as a reference point marking 
the introduction of the sample. 

Watch the recorder pen to see that peaks do not go off scale. If automatic atten- 
uation is not provided change the setting of the attentuator as necessary to keep 
the peaks on the chart paper. Mark the setting on the chart. After all the peaks 
have been traced and the pen has returned to the baseline remote the chart for 
calculation. 

Calculation.— Determine the area ol each peak. This is conveniently accom- 
plished by drawing lines intersecting the baseline and tangent to the sides of the 
peak. Determine the area of the resulting triangle by multiplying the height (cor- 
rected for any change in attenuation) by half the base. Obtain the sum of the 
aieas under all of the peaks and calculate the percentage represented by each. 
Greater accuracy may be obtained by deriving calibration lacrors from the analysis 
of samples of known composition. However, the former method of calculation will 
suffice for most cases. 

Identify the peaks by their relative position on the chart, that is die distance 
from the air peak to the various sample component peaks. Compare these with 
results obtained from the analysis of known mixtures run on the same column 
under the same conditions. 
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ISOLATED TR ISOMERS 
l\FHARLD SPL CT no PHOTOMETRIC METHOD s 
For the accurate determination ol turns isomers it is necessary to prepare o 
otherwise obtain pure simples of methyl elaidate or triclaulin (99 & 0 ) ancf to deter 
mine the absorpmm of these with the stmt spectrophotometer and according to 
the same conditions undei w Inch the analvsis will be performed The thtixit 
serves as tliL pnmarv reference stindard for the analvsis of long chain fatty auds 
which art inahied is mctlnl esters if present in amounts of less than x t , 
elaidin is the pnmars reference stand ml for the analvsis of glycerides Because 
primary standards of high puritv are not readily available it is convenient and 
satisfactory to establisli and use secondarv standards of esters and glycerides for 
reference purposes These should be checked against die primary standards to 
assav the known fra ns isomer content 

Procedure Weigh 2 0(10 (±0 0002) g of simple and place in a 10 ml volumetric 
flask \dd caroon disulfide to dissolve the simple and then mike to volume vuh 
the sime solvent 1 he concemruton should be such tint the transmittance will 
be within 20 and 70* f it the ham absorption miumura in the absorption cell 
selected 

L'se fixed thickness (0 2 to 20 mm) absorption cells with NaCl or KPr wn 
dows Determine the absorption of the sample with a suitable infrared spectro- 
photometer over the region 9 11^ with carbon disulfide in the matched cell Fol 
low manufacturer s directions for operation of the spectrophotometer \ maximum 
it ibout 10 30 n is exhibited in the spectrum if isolated trails groups are present 
Wake the calculations utilizing the baseline technique Draw i line on the d art 
of the absorption curve through the point of maximum absorption to the bisein e 
joining the points 10 02 p and 10 p lor methvl esters 10 10 p and 10 6a p for fjttv 
icids and to the baseline joining the points 10 (b p and 10 67 p for tnghceridcs 
Measure the distance from the zero line of the recorder chart to the absorption 
peik Cileuljte tlie frictional transmission as the distance to the absorption peal 
divided bv the distance to the baseline Convert to absorbance and calculate tie 
absorptiv tty (o) 


A 

be 

where A is the absorbance ^logio 1 is transmittance b is the cell thickness in cm 
and c is the concentration in grams per liter of the sample dilution tested 

Calculate the % trans isomer as methvl elaidate elaidic acid or trielauhn from 
the equation 


f- iwa, 

/c trans component = 

where a a and are the absorptiv nies of the sample and standard respectively 


*9 0 Connor R T J Am Oil Chemists Soc 3G, G27 19o9 
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SOLID FATTY ACIDS 

MODIFIED TWITCHELL METHOD 23 

This method provides a means for the separation and determination of solid 
fatty acids. The lead salts of the saturated acids are somewhat soluble under the 
conditions of the test and no correction is made for unsaponifiable matter. This 
method is applicable to animal and vegetable fats and oils except those of the 
coconut oil group, butterfat or other fats, and oils containing low molecular weight 
saturated fatty acids. The method is not satisfactory for oils containing high mo- 
lecular weight unsaturated fatty acids such as are obtained from rape and mustard 
seed. The method is not applicable if rosin acids are present. 

Procedure— Heat about 25 g. of the melted lat on a steam or water bath with 
about 15 g. of potassium hydroxide which has been dissolved in a few ml. of dis- 
tilled water. Add 25 ml. of alcohol. Continue heating with occasional stirring 
until the soap begins to dry out on the sides of the beaker. From then on stir 
continuously until the soap becomes a pasty jelly-like mass but avoid baking on the 
sides or bottom of the sample during this entire period. Oxidation or burning 
must be avoided. Add 200 ml. of distilled water and heat to dissolve all of the 
soap. Add, while stirring, sufficient hydrochloric acid (sp. gr. 1.19) to make the 
solution acid as indicated by methyl orange. Heat until the contents of the beaker 
can be poured freely and then transfer into a 500-ml. separatory funnel, washing 
the beaker with 100 to 150 ml. of ethyl ether and transferring this to the funnel also. 

Stopper the funnel and invert carefully several times so that all of the fatty 
acids will be dissohed in the ether. Allow the aqueous and ether layers to sepa- 
rate and drain off the lower (aqueous) layer. Add about 50 ml. of water to the 
funnel and again invert a few times. Allow to separate and drain. Continue in 
this fashion until the washings show no trace of acid as indicated by methyl orange 
indicator. Three washings are usually sufficient. When the last washing is made, 
the separation must be as complete as possible, avoiding leaving any water in 
the ether portion containing the mixed fatty acids. 

Withdraw the ether solution into an Erlenmeyer flask, add anhydrous sodium 
sulfate, stopper, allow to stand for 1 hour with frequent stirring, and then filter 
through a dry filter paper into a beaker or Soxhlet flask. Evaporate all of the 
ether on a water bath under a gentle stream of nitrogen gas. Preserve the fatty 
acids in a glass-stoppered flask, store under nitrogen, and maintain in a refrigerator 
at 4° to 10°C. 

■Weigh accurately a quantity of sample that will yield from 0.9 to 1.5 g. of solid 
fatty acids into a 250-ml. beaker. The sample weight must never exceed 5 g. even 
if the yield of solid acids is less than 0.9 g. Place 1 .5 g. of powdered lead acetate 
into another 250-ml. beaker. Add 50 ml. of alcohol to each beaker, cover each with 
a watch glass and bring both to boil on a water bath or low temperature hot plate. 
Transfer the alcoholic lead acetate to the alcoholic fatty acids, stirring continuously 
while so doing and bring to the boiling temperature. Cool to room temperature 
(20° to 25°C.) and place in an ice and water bath at 15°C. for 2 hours or in a 
refrigerator at about 15°C. overnight (16 hours). 

Filter through a Buchner funnel containing a snugly fitting filter paper using 
suction to aid filtration. 'Wash the beaker and filter paper with four 50-ml. por- 
tions of alcohol which have been previously cooled to 15°C. After the alcohol has 

2S Twitchell, E., Ind. Eng. Chem., 13, S0G, 1921. 
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filtered from the lead soip, transfer die contents of the filter paper quantitatntlv 
bach to the beaker originally containing the fatty acids Use about lOQ-m! 
warm alcohol (50'C) to wash off all of the soap making certain that no particles 
of soap remain m the funnel Test the filtrate for an excess of lead acetate b\ 
adding a few drops of sulfuric acid to -10 to 50 ml of the filtrate If the test solu 
lion becomes turbid, it is satisfactory If no cloudiness appears, the original sam 
pie was too large and the determination must be lep.ated from the beginning wuli 
a smaller sample The filtrate is discarded 

Add 0 5 ml of glacial acetic acid to the alcoholic soap solution and heat until 
all soap is dissolved Coo! to room temperature (20" to 2a°C) Continue coolin* 
at 15®C in a refrigerator or overnight and then filter and wash as pmioush 
directed Transfer again to the original beaker using 75 ml of ethyl ether instead 
of warm alcohol to remote the lead soap Add 20 ml oi nitric acid to the beaker 
to separate the fatty acids and then transfer the contents to a 500 ml separator! 
funnel Add 5 ml of nitric acid to the betker to facilitate the final transfer 
Filially wash the beiker thoroughly into the funnel with 100 ml of ethyl ether 
Add 50 to 100 ml of distilled ether to the funnel and invert a few limes to wash 
the ether solution Ulow the lasers to sep irate and dram the aqueous hvn 
Repeat this until the washings ire no longer acid to methvl orange 
Withdraw the ether solution into previously dried and tared 250ml beaker or 
Soxhlet flask Wash the funnel with a few ml of ethvl ether and add tins to the 
beaker Evaporate the ether on a water bath under a gentle stream of clean am! 
dry nitrogen gas Dry for 1 hour in in air oven at 101° ± I*C Cool to room 
temperature m a desiccator and weigh Repeat to constant weight Constant 
weight is attained when the loss in weight does not exceed 0 1% in successive 1 hour 
drying periods 


% Solid fattv acids = 


Weight of solid acids X 100 
Wi of sample 


EPOXY GROUPS 1 

The epoxy or oxirnne compounds contain a three membered ring with two ad 
jacent carbon groups These compounds are not usually found in natural fats but 
they are produced during the autoxulation of unsatur.ated oils and fatty acids 
Apparatus A buret and bottle assembly protected with drying tubes to mini 
tain the standard solution free of contamination with moisture either from the 
atmosphere or otherwise It is important that the titration be performed in a 
closed system to avoid the loss of hydrogen bromide Provide a closed system by 
attaching the titration flask to the buret tip with a 1 hole rubber stopper The 
hole in the stopper should be spherical so as to take the buret tip snugly with J 
small side opening to permit the air to escape from the flask during titration 
A magnetic stirrer of any suitable type with round magnetic stirring ban cov 
eted with ‘Teflon" or equivalent protective covering 
Reagctit .~ Prepare 0 I A 7 hydrogen bromide in glacial acetic acid by bubbling 
HBr gis through glacial acetic acid to approximately 0 1 A r Weigh 04 g of po- 
tassium acid phthalate, predried for 2 hours at 120°C. Dissolve the phthalate in 
5 ml of glacial acetic acid and titrate the acid bromide solution using 5 drops o 
crystal violet indicator Standardize the hydrogen bromide solution daily 

Wt of phthalate 

Normal, t, of the HBr B.lunoo - 0 . 2042 x (t „ rat ,^n 
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Procedure .— Weigh 0.3 to 0.5 ± 0.0001 g. of the sample into a 50-ml. Erlenmeyer 
flask. Dissolve the sample in 5 ml. of ben7ene (in case of epoxy resins, use chloro- 
benzene). Add 5 drops of the crystal violet indicator (0.1 g. in 100 ml. of glacial 
acetic acid) and a stirring bar. 

Place the rubber stopper in position and lower the tip of the buret until it dis- 
charges just above the solution. This is important to avoid the loss of hydrogen 
bromide. 

Stir and titrate the sample (rapidly at first) with the 0.1 N glacial acetic acid- 
hydrogen bromide solution to a bluish-green end point. Control the rate of the 
magnetic stirrer so as to avoid splashing. 

M _ . Titration X A' X 1 .6 

% Oxtrane oxygen = — Wt . ofsamplc 

THE DETERMINATION OF FAT CONTENT 1 . 4 

Conventional methods for the determination of the oil or fat content of various 
animal and vegetable source materials are based on (a) a preliminary treatment ol 
the sample to render the fat extractable followed by (5) extraction with a lat 
solvent such as ethyl or petroleum ether (c) and finally a gravimetric estimate of 


Table 33-1 5. Summary of Extraction Methods for Determining the Oil Content 

of Some Source Materials 


First 




Extrac- 


Second 

Sample 

Preparation 

tion 


Extrac- 

Product (grams) Solvent 

of Sample 

C firs .) 

Regrind 

tion ( hrs .) 


Cottonseed 

4-5 

Petr. 

ether 

Delinted, 
predried 
and finely 
ground 

4 

None 

None 

Soybeans 

2 

Petr. 

ether 

Predried 
and finely 
ground 

2 

Reground 
in mortar, 
100 

strokes 

3 

Peanuts 

2 

Petr. 

ether 

Predried 
and sliced 

2 

Reground 
in mortar, 
100 
strokes 

2 

Whole tung 
fruit 

5 

Petr. 

ether 

Ground 

4 

None 

None 

Sesame seed 

2 

Petr. 

ether 

Ground 

2 

Reground 

3 

Oilseed 
cake and 
meal 

5 

Petr. 

ether 

Ground 

3 

None 

None 

Soy flour 
high fat 

2 

Petr. 

ether 

Mixed 

5 

None 

None 

Meat 

3-4 

Petr. 

ether 

Predried 

4 

None 

None 
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the residue after removal of the sohent The preliminary treatment usually m 
\ohes the remosal of most of the moisture followed b) grinding to reduce the 
particle sue The extraction is performed with a Butt or Soxhlet type apparatus. 
Certain products require regrindmg in a mortar after some of the oil is removed 
in order 10 obtain a sufficiently £ne grind 

There is no single method applicable to all oil bearing materials Because of 
differences in the composition and physical character of these, each method must 
be tailored to the specific product For more details the reader is referred to more 
detailed procedures Table 33 15 outlines briefly the methods used ruth the most 
common fat source materials 

The methods that hate been presented here constitute those most commonlr 
used for the analysis of fats and oils for purposes of production control and 
trading References to less frequently used methods are presented below 30 

so Determination of antioxidants Anglin C Mahon J H and Chapman R \ J 
and Eood Client 4,1018 I9 j 6 bleach tests see reference 30 diglscendes Ouinlin I’ an I 
Wetser H J Jr J \m Oil Chemists Soc 35, 32i 19o8 gossspol (total) Pons \t \ Jr, 
Ptttman R \ and Hoffpamr CL] \m Oil Chemists Soc 35,93 I9jS gossspof ifrcr 
Schramm G and Benedict J H J Am Oil Chemists Soc 35, 371 1958 hydrocarbon 
oils Milltams K A J \ssoc Oil Agri Chemists 26, 30G 1943 methsl esters Mkn 
R R and Busuell R J J Am Oil Chemists Soc 30, 123 19o3 and reference > 
oxidized fans acids International l_nion of Pure and Applied Chemistry Standard 
Methods for the Anal s sis of Oils and Fats Pans 19o4 solubility tests see reference » 
x ray spectioscopy Lutton E S J Am Oil Chemists Soc 27. 276 1950 
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FERTILIZERS 


By John A. Brabson 

Tennessee Valley Authority 
Wilson Dam, Ala. 


The purpose of this chapter is to aid the analytical chemist whose work includes 
occasional analyses of fertilizers by giving him the convenience of a select compila- 
tion of reliable methods. The diemist confronted with more extensive analytical 
work on fertilizers should refer to the more comprehensive treatments that are 
cited, particularly the Official Methods of Analysis of tire Association of Official 
Agricultural Chemists (AOAC). 

SAMPLING AND SAMPLE PREPARATION 12 

Most fertilizers are mixtures of unlike materials with a marked tendency toward 
segregation. Sampling problems associated with segregation are intensified when 
the material is placed in bags or in piles so that, when possible, samples should be 
taken in increments from a conveyor belt or from a stream of the material before 
it is loaded into the final container. The increments must be large enough to be 
representative of a cross-section of the stream, and enough increments must be 
taken to be representative of the period of production. Under no circumstances 
should the sample be dipped from the top of the material on a conveyor belt or 
from the side of a stream. 

The device generally used for sampling fertilizer in piles or in bags is a slotted 
tube with a pointed end. A very narrow sampler should be avoided as insertion 
of the sampler induces segregation, and a narrow sampler with a narrow slot is 
likely to admit coarse and fine materials in disproportionate amounts. 

Reduction of Gross Sample .— The size of the gross sample will vary with the 
quantity of material sampled; it may -weigh several pounds. When it consists of 
particles 20 mesh or finer, it may be reduced to approximately 8 oz. by means of 
a riffle. Samples containing coarser particles should first be ground to minus 20 
mesh. 

The final sample of a mixed fertilizer should be crushed to pass a 35-mesh screen. 
Even finer grinding is desirable when the gross sample contains materials that vary 
widely in particle size. The process of grinding frequently segregates unlike ma- 
terials, and the sample must be reconstituted after grinding. 

i Association of Official Agricultural Chemists, Official Methods of Analysis, 9th Ed., 
Secs. 2.001, 2.007, 1900. 

a Tomlinson, R. C., Comprehensive Analytical Chemistry, Vol. 1A, edited by Cecil L. 
Wilson and David W. Wilson, Elsevier Publishing Company, New York, pp. 36-75, 1959. 
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rmiluer materials, if homogeneous, need not be crushed finer than 20 mesh. 
Some, such as superphosphate, cannot be ground an) finer. 

WATER 3 

Water in fertilizers is determined as total water" or as “free water. Total 
water is determined by thennall) drying materials which lose onlj water when 
heated Manv fertilizer materials (superphosphate and diammonmm phosphaie 
for example) should not be dried by heating, instead, they are vacuum dried in a 
desiccator over a strong neutral desiccant, such as anh)drous magnesium perchlo- 
rue, and the loss m weight is reported as free water Only free water should be 
determined on mixed fertilizers whose formulations are not known 

TOTAL WATER 

Procedure .— Put about 2 g of sample into a tared flat form glass weighing bottle, 
with cover, and record the total weight Heat in a well ventilated oven at 105'C 
for 1 hour with cover off Remove from the oven, cover, cool m a desiccator, and 
weigh 

When it is known that drying at a higher temperature will not decompose the 
sample a higher temperature is used Thus, potassium salts customarily are dried 
at I30°C 

FREE WATER 

Procedure —Place in a tared flat form glass weighing bottle approximately 2 g 
if sample and determine the gross weight of bottle, cover and sample Place un 
overed in a desiccator containing anhydrous magnesium perchlorate (Deh)dnte) 
:t 25“ to 30“C Evacuate the desiccator to at least 20 in of vacuum After 16 to 
8 hours remove and weigh 

KARL FIbCHER METHOD * 3 

The Karl Fischer titration method (pp 275 and 526) has been used successfully lor 
he routine determination of water in such fertilizer materials as ammonium nitratt 
nd diammomum phosphate It can be used also for the determination of tool 
idler m some, but not all, hydrates Rational application of the method to mix 
ures requires a knowledge of the compounds present 

Nitrogen in fertilizers may be present as a variety of inorganic and organic com 
pounds Some of the nitrogen may be derived from organic residues such as fish 
scrap and castor pomace Total nitrogen is always determined, but specific foimv 
of nitrogen need be determined only when the fertilizer has to be characterized for 
special purposes 

1 he basis for most methods for the determination of total nitrogen is the libera 
Uon of ammonia with an alkali and absorption of the ammonia in standard acid- 

a Association of Official Agricultural Chemists Official Methods of Analysis, 9th Ed 
Sees 2012, 2 015, 1960 

* Engel brecht, R M, Drexler, S, and McCoy I A, J Agr Food Chem , 4, 780, 

5 Mitchell J , Jr, and Smith, D M , Aquametry, Interscience Publisher, Inc, V* > or 

lfHB. 
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Nitrogen originally present in other forms therefore must be converted to the 
ammoniacal form. Nitrates can be reduced to ammonia by nascent hydrogen in 
alkaline or acid media. Nitrogen in other forms offers varying degrees of resistance 
to conversion; it generally can be changed to ammoniacal nitrogen by a Kjeldahl 
digestion— an empirical procedure in which the sample is fumed with sulfuric acid. 
Various modifications of the procedure are designed to hasten the digestion by 
means of catalysts, to prevent loss of nitrogen and to ensure complete conversion 
of refractory nitrogen compounds. 

TOTAL NITROGEN-KJELDAHL METHOD FOR NITRATE-FREE 

SAMPLES e .-- 8 - 3 

The Kjeldahl method is suited for fertilizers whose nitrogen content is entirely 
in organic and ammoniacal forms. Nitrates are lost in this procedure, either 
through displacement by sulfuric acid or through reaction with chlorides to form 
nitrosyl chloride. 

Reagents. Sulfuric Acid.— HoS0 4 , 95 to 98%, nitrogen free. 

Mercuric Oxide or Mercury. 

Potassium Sulfate.— Nitrogen free. 

Sulfide or Thiosulfate Solution.— Dissolve 40 g. of potassium sulfide or sodium 
sulfide in water and dilute to 1 liter. If thiosulfate is preferred, dissolve 80 g. ol 
sodium thiosulfate pentahydrate in water and dilute to 1 liter. 

Sodium Hydroxide Solution.— Dissolve 450 g. of sodium hydroxide in 1 liter of 
water. 

Zinc Granules. 

Sulfuric Acid.— 0.5 N. 

Sodium Hydroxide.— 0.5 N. 

Methyl Red-Methylene Blue Indicator.— Dissolve 1.250 g. of methyl red and 
0.825 g. ol methylene blue in 1 liter of 95% ethanol. Store in a dark bottle. 

Procedure .— Transfer a sample containing 200 to 300 mg. of nitrogen to an 800- 
ml. Kjeldahl flask. Add 0.7 g. of mercuric oxide or 0.65 g. of metallic mercury, 
15 g. of potassium sulfate, and 25 ml. of sulfuric acid. If a sample larger than 
2 g. is required, add an additional 10 ml. of H^SO^ per gram of sample over 2 g. 

Place the flask in an inclined position on a heater that can be regulated to bring 
250 ml. of water at 25°C. to a rolling boil in 5 minutes (“recommended rate”). Heat 
gently until frothing ceases. If frothing is excessive, add a small piece of paraffin. 
Increase the heat to the “recommended rate,” boil until the solution clears, and 
continue the digestion for at least 30 minutes more. When organic materials are 
present, increase the time of digestion to 2 hours. II necessary, add more sulfuric 
acid to replace that lost by prolonged fuming. Cool, add 250 ml. of water, and 
again cool below 25°C. 

Add a few pieces of granular zinc or a few glass beads to prevent bumping. 
Precipitate the mercury by adding 25 ml. of sulfide or thiosulfate solution while 
shaking the flask vigorously. Add 50 ml. of the concentrated solution of sodium 
hydroxide by pouring it gently down the side of the flask to minimize mixing 

i! Association of Official Agiicultural Chemists, Official Methods of Analysis 9th Ed 
Secs. 2.03-1,2.035. 2.036, I960. 7 ’ 

T Bates, R. W„ Ethcrcdge, M. P„ and Quachenbush, F. IV., J. Assoc. Offic. Agr. Chemists, 
38, 56-61, 1955. 

' Davis, H. A., and Miles, S. R.. Ibid , 39, 550-58. 1936. 

■' Johnson, A. H., and Gieen, J. R„ Ind. Eng. Chem., Anal. Ed., 2, 2-4, 1930. 
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with the acid solution (The sodium hydroxide and sulfide solutions can be mixed 
first then added i£ desired ) Immediately connect the flask to a distilling bulb 
(a Dausson scrubber is recommended) on a condenser whose tip just dips into ofl 
ml of 0 5 AT sulfuric acid in a 500 ml Erlenmeyer flask 
Rotate the kjeldahl flask to mix the contents then bod the solution Distil at 
a rate that yields 200 ml of distillate in about 45 minutes Lower the receiver to 
bring the condenser tip above the liquid and continue the distillation for about 
1 minute Wash the condenser tip 

Add 5 drops of methyl red methylene blue indicator to the distillate and ttrate 
the excess acid with 0 5 N alkali to a faint green end point Correct for a blank 
determination made with the reagents 
Calculation — 

net milliliters of H 2 SO 4 X normality X 1 4008 

N per cent : z : 

weight of sample, grams 

TOTAL NITROGEN— RLDUCED IRON METHOD « * 1 « n u 
The reduced iron method is used for the determination of total nitrogen 11 
nitrate chloride mixtures and in liquid fertilizers— materials that ire unstated o 
conventional kjeldahl procedures Reduced iron is added to a water solution 0 
the sample sulfuric acid is added and nitrates are reduced to ammonium salts b 
nascent hydrogen The solution is boiled evaporated to fumes m the presence 0 
a catalyst then kjeldahled to convert the more refractory compounds of nitrogei 
to ammonium salts 

Reagents Iron Metal —Powder reduced by hydrogen 
Sulfuric Acid— (1 -f 1) 

Sulfuric lad — 0 3 N 
Sodium Hydroxide— 03 N 

Procedure —For dry mixed fertilizers transfer a sample containing 12a to b( 
nig total nitrogen (but in no event more than 42 mg of nitrate nitrogen) to ai 
800 ml Kjeldahl flask Add 5 g of reduced iron powder and 50 ml of v iter 
Allow to stand for 15 minutes with occasion il sinking to dissolve soluble salts 
For a soluble nitrate salt or a liquid fertilizer so dilute a sample that a 50 m) 
aliquot contains the specified amount of nitrogen Transfer the aliquot to v 
800 ml Erlenmeyer flask and add 0 g of reduced iron 
Add 45 ml of (1 + I) sulfuric acid and set aside until visible reaction ceases 
When the sample contains refractory nitrogen compounds that require prolonget 
digestion increase the amount of (1 + 1) sulfuric acid to 80 nil If urea is presert' 
dilute to 200 ml before the solution is heated (thus ensuring hydrolysis of the ure 
prior to the Kjeldahl digestion) 

Heat the solution to boiling and evaporate to 50 ml Add 0 7 g of mercur 
oxide and continue the digestion rotating the flask frequently as fumes appeal 
Continue the digestion for 1 hour or until the contents thicken and cling to tl' 

w Association of Official Agricultural Chemists Official Methods of Analysis 9th Ed 
Secs 2 038 2 039 1960 

n Berliner JFT Ind Eng Cbem 28, 517 22 1S36 
i" Ford O \V J Assoc Offic Agr Chemists 39, 763-65 19a6 
is [ Assoc Offic \gr Chemists 41,32 I9a8 
14 Ulsch k Z anal Chem 30, lv5 18 J1 
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sides of the flask. Do not evaporate to dryness. Cool, add 200 ml. of water, and 
cool below 25 °C. 

Add a few pieces of zinc or several glass beads to prevent bumping, and continue 
with the Kjeldahl procedure as outlined above. 

ammoniacal and NITRATE NITROGEN 15 

When a fertilizer contains nitrogen only in ammoniacal and nitrate forms, the 
nitrate can be reduced in alkaline medium and the ammonia distilled into stand- 
ard acid. This technique, the Devarda method, requires less time than the Kjel- 
dahl method. 

Reagents. Devarda Alloy. 

Sodium Hydroxide.— 42% by weight. 

Methyl Red-Methylene Blue Indicator. 

Sulfuric Acid.— 0.5 N. 

Sodium Hydroxide.— 0.5 A 7 . 

Procedure .— Transfer a sample containing 200 to 300 mg. of nitrogen to an 800- 
ml. Kjeldahl flask. Add 350 ml. of water to dissolve the soluble salts. (When the 
nitrogen in the fertilizer is known to be soluble in water, the accuracy may be im- 
proved by dissolving a larger quantity and analyzing a suitable aliquot.) Add 
3 g. of Devarda alloy, then gently run 5 ml. of 42% sodium hydroxide solution 
down the side of the flask (minimize mixing). Immediately connect the flask, by 
means of a Davisson scrubber, to the condenser, the tip of which just dips into 
50 ml. of 0.5 N sulfuric acid in a 500-ml. Erlenmeyer flask. 

Rotate the flask to mix the contents, then gradually heat the solution to boil- 
ing. Distil at a rate that yields 250 ml. of distillate in 1 hour. Titrate the excess 
acid in the receiver as described above for the determination of total nitrogen. 

AMMONIACAL NITROGEN 

The determination of ammoniacal nitrogen is straightforward when all the 
nitrogen is in ammoniacal and nitrate forms. Digestion with sodium hydroxide 
evolves ammonia, which is absorbed in an excess of standard acid. Magnesium 
oxide is not recommended for the distillation; it will not displace ammonia from 
some water-insoluble ammonium compounds. 

Urea, when present, partly decomposes, and the liberated ammonia leads to in- 
accurately high results. Satisfactory results can be obtained by adding the sodium 
hydroxide as an alcoholic solution and conducting the distillation under reduced 
pressure at 40°C. 

NITRATE NITROGEN-INDIRECT METHOD 1 * 

Nitrate nitrogen, when alone, can be determined by the reduced iron method 
or by the Devarda method; when ammoniacal nitrogen is also present, the two 
forms of nitrogen are determined together, ammoniacal nitrogen is determined on 
a separate sample, and nitrate nitrogen is determined by difference. 

The residue from an ammoniacal nitrogen determination should never be used 

is Association of Official Agricultural Chemists, Official Methods of Analysis, 9th Ed. 
Sec. 2.013, 19G0. 

w>Yec, j . Y., and Davis, R. O. E„ Inch Eng. Chcm., Anal. Ei\„ 1, 259-61, 1935. 

w Yee. J. Y., and Davis, R. O. E., J. Assoc. Offic. Agr. Chemists, 20, 104-7, 1937. 

ts Brabson, J. A., and Karchmer, J. H., J. Assoc. Ofiic. Agr. Chemists, 28, 142—47, 1945. 
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for tlie determination of nitrate by the Devarda method Silica dissohed fromtht 
glassware by the sodium hydroxide interferes with the reduction of nitrate 

NITRATE NITROGEN-DIRECT METHOD »» 

The nitrite nitrogen content of complex fertilizers cm be determined direct!* 
b) an oxidimetnc method provided the fertilizers contun no other o\jdmn« 
igents 

A solution of the sample is treated with an excess of i standard ferrous sulfas 
solution containing sodium chloride Sulfuric acid is added and the solution » 
boiled to reduce the nitrate to nitric oxide Excess ferrous sulfate m the final solu 
tion (cooled and diluted) is titrated with a standard solution of potassium perman 
gutate A correction factor is necessary when the sample contains urea 

UREA NITROGEN— TO RIMETRIC “ l 2 
An enzymatic hydrolysis of urea to ammonia and carbon dioxide forms the basis 
of i titnmetric method for the determination of urea in mixed fertilizers comm 
mg phosphate Phosphate and calcium are first removed by treatment with barium 
hydroxide and sodium carbonate An aliquot is then acidified and sparged with 
nitrogen to remove carbon dioxide The resultant solution is neutralized wnh 
sodium hydroxide and the enzyme urease is added to hydrolyze the urea 4n 
excess of standard acid is added to neutralize the ammonia and to evolve tie or 
bon dioxide Finally the excess icid is tmated with standard sodium hydroxide 
Reagents Urease Powder— Jack bean 

Neutral Urease Solution 1% —Add 1 g of urease powder to 100 ml of water 
and shake for 5 minutes Dilute 10 ml of the suspension with 50 ml of water 
add 4 drops of methyl red-methylene blue indicator and neutralize to the purple 
color with 0 1 A hydrochloric acid Back titrate with 0 1 V sodium hydroxide to 
the green end point Deduct the amount of standard base from the standard acid 
to determine the amount of standard acid required to neutralize 10 ml of die urease 
solution Add the calculated amount of acid to neutralize the remaining 90 ml 
of solution and mix thoroughly 
Hydrochloric Acid —2 A 
Barium Hydroxide —Saturated 

Sodium Carbonate —Dissolve 10 g of the anhydrous salt m 100 ml of water 

n Octanol or Silicone type Antifoaming Agent 

Nitrogen 

Sodium Hydroxide — 0 \ A 
Hydrochloric Acid — 0 1 N 

Methyl Red-Methylene Blue Indicator— Or Methyl Purple a proprietary 
product of Fleisher Chemical Company 

Pi ocedure —Place a sample containing not more than 1 g of urea on a btm 
Whatman No 12 or equivalent fluted filter paper in a funnel Samples with a 
gross weight greater than 10 g cannot be handled readily Wash 20 times with b 

ri Engdbreclit R M and McCoy F A Anal Chem 28, 1610-21 Hbf> 

■*<> Leithe IV Ibid 20,1082 84 1918 , 

"i Association of Official Agricultural Chemists Official Methods of Analysis 9th M 
Sees 2 0j I 2 0o5 I960 

" Davis H A J \ssoc Offic Agr Chemists 42,494-99 19j9 

■a Moigan U A and Hai ford t I Ibid 41, 637-39 19j8 

-lice J Y and Paws ROE Ind Eng Chem Anal Ed 7,259-61 193a 
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ml. increments of water, and catch the washings in a 500-ml. volumetric flask (use 
a 1-liter flask when working with samples high in phosphate). Add 75 to 100 ml. of 
saturated barium hydroxide solution to precipitate phosphate. Test for complete 
precipitation by adding a few drops of the barium solution to the supernatant 
liquid, and add more as required. Add 20 ml. of sodium carbonate solution to 
precipitate excess barium and soluble calcium salts. Let settle and test for com- 
plete precipitation by adding more sodium carbonate. 

Dilute to volume, mix thoroughly, and filter on a 15-cm. Whatman No. 12, or 
equivalent fluted paper. Transfer a 50-ml. aliquot to a 200-ml. Erlenmeyer flask 
and add 2 drops cf mixed indicator. Acidify with 2 N hydrochloric acid to a 
purple color and add a 3-drop excess. Bubble nitrogen through the solution for 
5 to 10 minutes to remove carbon dioxide. Neutralize the solution to the green end 
point with 0.1 N sodium hydroxide. Add 20 ml. of neutral urease solution per 
0.1 g. of urea, stopper the flask, and let stand at 40°C. for 20 minutes. Cool the 
solution by immersing the flask in ice water. Titrate immediately with 0.1 N 
hydrochloric acid to a purple end point, then add about 5 ml. in excess. Record 
the amount of acid. 

Add sufficient octanol or other antifoaming agent to prevent frothing and again 
purge the solution with nitrogen. Back-titrate to the green end point with 0.1 N 
sodium hydroxide. The net volume of standard acid is a measure of the urea in 
the sample. 

Calculation.— 


Urea, per cent = 


milliliters 0.1 N HC1 — milliliters 0.1 tV NaOH X 0.3003 
weight of sample in aliquot 


UREA-SPECTROPHOTOMETRIC 25 
Urea (in solution) can be determined quite rapidly through its reaction with 
p-dimethylaminobenzaldehyde; the color intensity of the complex thus formed is 
measured with a spectrophotometer. (As the reagent itself is highly colored, a good 
spectrophotometer is necessary.) Close control of temperature is required, as the 
reaction is temperature-sensitive. Fertilizers contain few known interferences ex- 
cept ammonia, which interferes only when its mole ratio to urea exceeds 10. 


BIURET— SPECTROPHOTOMETRIC 2C 

Biuret, a product of the thermal decomposition of urea, has lierbicidal properties. 
It is determined in urea and occasionally in fertilizers that have been heated suffi- 
ciently to decompose urea. 

Biuret reacts with copper salts in an alkaline medium to give an intense violet 
color ("biuret reaction”). Because a hydrous copper oxide precipitate interferes 
with measurement of the color intensity, it is generally removed by filtration, but 
in the method referred to here, sodium potassium tartrate forms a soluble complex 
with excess copper and eliminates the filtration step. 

The method is suited for the determination of biuret in urea pyrolyzates con- 
taining triuret and cyanuric acid. Ammonia can cause high results but is easily re- 
moved with a cation exchange resin. The method appears promising for the de- 
termination of biuret in mixed fertilizers, provided ammonia and alkaline earths 
are removed by a treatment with a resin. 

sr ’ Watt, G. IV., and Chrisp, J. D„ Anal. Chem., 26, 452-53, 1954. 

2,5 Ellis, G. C., and Formaini, R. L„ J. Agr. Food Chem., 3, 615-18, 1955. 
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PHOSPHORUS* ** 

Phosphorus in fertilizers is largely in the form of inorganic compounds althou \ 
some organic compounds ire found in specialty fertilizers Phosphorus « a | y 
most often m the form of orthophosphate but current trends in fertilizer r«h 
nology indicite that increasing amounts of other phosphites should be expected 
All methods for determining phosphorus in fertilizers ire bised on reactions of 
orthopliosplioric icul so techniques for decomposing fertilizers for imlysis mu 
cotucrt ill forms of phosphorus to the orthophosphite 

Plmsph ite fertilizers in the United St ites ire sold on i basis of chemical! 
iMihble phosphorus nther thin totil phosphorus althou 0 h tl esc quit ti i 
miy be the same for some miternls Chemically audible phosphorus is the d f 
fereuce between total phosphorus and citr ite insoluble phosphorus— the portion 
svluch remains ifter the sample has been subjected to successive extractions v it! 
svater and neutral ammonium curate 

DECOMPOSITION OF SAMPLE 

\ inous procedures may be used for decomposing fertilizers and convening the 
phosphorus to orthophosphate The three techniques described here ire idiq e 
for most compounds and mixtures 

ISORGASIC ORTHOPHOSPHATES THAT MAY COATAl\ SOMF 
ORGAMC MATTER 

Procedure (Nunc Hydrochloric Acid Digestion) —To i sample (0 5 to 20 g) 
in a 2j0ml Eilcnmeyer flask or beaker add 30 ml of nitric acid and 5 ml of h 
tlrochloric acid Boil gently for about 15 minutes then cool Dilute to vol me 
ill a volumetric flask and filter through a dry filter 

SIMPLES CO\Tll\I\(, \0\ ORTHOPHOSPHATI S /RO\ A\D 
AIL \II\L M PHOSPHATTS OR BASIC SI 1G 

Procedure (Hydrochloric Nunc Acid Digestion) —Follow the procedure in the 
preceding par vgraph hut add 30 ml of hydrochloric lcid and 3 to 10 ml of nitre 
acid Hydrochloric acid is a better solvent than nitric acid md is especially u« 
fill for tilt hydrolysis of non orthophosphates 

SAMPLTS CO \ TAI\ I\G LARGT A MOL \ TS Or ORGAMC MATTHl 

Procedure (Nitric 7'crch'loric Acid Digestion) —Perchloric acid is in c virtual’ 
useful rtigent but its use can be hazardous unless cert im precautions arc ob- 
served Sever add perchloric acid to samples containing organic natter i nhl ajt i 
the easily oxidnable organic matter Ins been destroyed with nitric <in 1 Ricou 
mended reidmg Perchloric Acid Solutions Chemical Safety Data Sheet 5011 
(1917) M imifacturiii 0 Chemists \ssocntion 182o Connecticut \'e M' 
utgton 0 D C 

To a sample (0 5 to 2 0 g) in a 2a0ml Lrlenmeycr flask add 30 ml of 
acid Bod gently to remove easily oviduable organic vnitter (la muiutts b < su 
ally sufficient) cool slightly and add 10 to 20 ml of 70% perchloric acid h° 

\ss nation <f OfTcnl \gnaduiral Chemisis Oilcial Mali ds of \tulys s 9th 
Sec 2 018 I960 

•Jiob k I) a t\ If Oman \\ M J \ss c OH c V Clumsts 40 610*00 U 
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gently until the solution is colorless, or nearly so, and dense white fumes appear 
in the flask. Fume for 10 minutes, cool slightly, and add 50 ml. of water. Boil 
gently for a few minutes and cool. Dilute to volume in a volumetric flask, and 
filter through a dry filter. 

This technique can be used for the decomposition of large amounts of paper 
in citrate-insoluble residues. The sample must be digested with nitric acid until 
the filter paper is destroyed before adding the perchloric acid. 

TOTAL PHOSPHORUS— ALKALIMETRIC AMMONIUM 
MOLYBDOPHOSPHATE METHOD 29 

Phosphorus in the form of orthophosphate is precipitated as ammonium mo- 
lybdophosphate, which is filtered and dissolved in an excess of standard sodium 
hydroxide solution. The excess alkali is back-titrated with standard acid to a 
phenolphthalein end point. 

The alkalimetric method is a good routine method; it will yield acceptable re- 
sults in the hands of a careful worker. Details must be observed closely, however, 
if the method is to be of maximum value. 

Sulfates lead to high results, so decomposition methods employing sulfuric acid 
should be avoided. Heating of the solution hastens precipitation but also causes 
the precipitation of extra molybdic oxide. As the precipitate is formed in a 
strongly acid medium, residual acid must be removed. Prolonged washing, on 
the other hand, causes some decomposition of the precipitate. 

Even when used properly, the method yields slightly high results because the 
equivalence point of the titration is at a lower pH than the colorimetric end point. 
Titration to the pink side of the phenolphthalein end point yields even higher 
lesults. 

Reugetits. Molybdate Solution.— Dissolve 100 g. of molybdic anhydride (Mo0 3 ) 
or 118 g. of 85% molybdic acid in a mixture of 145 ml. of ammonium hydroxide 
and 270 ml. of water. Slowly stir the cooled solution into a mixture of 600 ml. 
nitric acid with 1150 ml. of water. Keep the solution in a warm place for several 
days, then decant it from any precipitate. Filter the solution through an inor- 
ganic filter just before using. 

Ammonium Nitrate.— 20% weight/volume. 

Sodium Hydroxide.— 0.3240 A r (1 ml. o 1 mg. P o 0-). 

Nitric Acid.— 0.3240 N. 

Phenolphthalein.— Dissolve 1 g. in 100 ml. of 95% ethanol. 

Procedure— Dissolve a sample of fertilizer by one of the three methods described 
in the preceding section. Transfer an aliquot containing 10 to 40 mg. of P„0 3 to 
a 500-ml. wide-mouthed Erlenmeyer flask. Add 2 drops of methyl orange indicator, 
and add ammonium hydroxide dropwise until a precipitate forms or the indicator 
turns yellow. Add nitric acid dropwise until the precipitate dissolves or the indi- 
cator turns red. Add 50 ml. of ammonium nitrate solution. With the temperature 
in the range 25° to 30°C., add 50 ml. of ammonium molybdate solution with vigor- 
ous shaking (dropwise for the first 5 ml., then in a small stream). The ammonium 
molybdate solution should be free of precipitate, and the dispensing buret should 
be cleaned daily. Place the flask on a mechanical shaker for 30 minutes. 

Decant at once through a pad of filter pulp. Transfer the precipitate to the 

Association of Official Agricultural Chemists, Official Methods of Analysis, 9th Ed., 
Secs. 2.017, 2.020, 2.021(a), 2.022(a), I960. 
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filter with i jet of cold water A\ ash die flask j times with small portions of f0 }t 
water then wash the precipitate on the pad with cold water until tree of ac d 
(usually 10 times is sufficient) Transfer the precipitate and pad back to the 
wide mouthed flash and breah up the pad with oO ml of cold water Dissoht the 
precipitate in standard alkali adding not more than a 3 ml excess Add g jjroj, 
of phenolphtlnlein indicator and titrate with standard acid to the disappearance of 
the pink color 

Calculation — \\ hen 0 3240 \ \aOH and HNO, are used 1 ml NaOHc:l m» 
P O and 


_ _ milliliter* NaOH — milliliters HNO* 

P Os per cent = — - ; 

10 X weight of sample grams 

TOTAL PHOSPHORUS-DIFFERENTIAL 
SPECTROPHOTOMETR1C METHOD 3 s » 3 

V dilute solution of orthophosphate is treated with an acidified molybdovanaditc 
reagent to form the colored molybdoianadophosphoric acid complex Concur 
rentlj the color is developed in a solution containing a known amount of phos- 
phorus 1 he standard is adjusted to read zero absorbance The absorbance ol tht 
unknown is measured and the concentration is determined from a culibrat on 
curie or is calculated 

Although the molybdcnanadophosphate color reaction is rcmirkablj free ot i 
terfercnccs certain precautions are m order Oxides of nitrogen interfere an! 
must bt eliminated before the color is dec eloped Partially decomposed organ c 
matter mis interfere because of its color or through reduction of mnlybilcn n 
Iron m high concentrations as from basic slag causes high results ‘•oiubes! 
c ues may also cause high results 

I hese difficulties are largely eliminated when perchloric acid is used in prtparng 
solutions for analysis Oxides of nitrogen and residual organic matter from litre 
acid digestions are remoter! by eiaporating to fumes of perchloric acid Silcatn 
tre dchwlratcd and iron salts are concerted to the perchlorate svhich absorbs Iw 
hght 

1 he reaction is sensitise to sanations in acidity and care must he taken to hold 
the acidity svithin prescribed limits As heat intensifies the color sample an ' 
standard must be it the same temperature when the absorbance is measured 
A l>pnratus —Spectrophotometer with stray light filter and matched 1cm atop 
non cells The instrument should also be fitted with a liquid cooled lamp housing 
Reagents Molybdosanadate — Dissohc 40 g of ammonium moljbditc tetra 
hydrate in 400 ml of hot water Dissohe 2 g of ammonium met uanadate in 
ml of lmt water cool and add 4a0 ml of 70% perchloric acid Gradually ad l the 
molsbdate solution to the s inadate solution at room temperature with stimr g 
and dilute to 2 1 

Standard Phosphate Solution —Obtain a sample of highest purity potassium <1 
hydrogen phosphate of certified composition Prepare a senes of solutions con 

Associatii n of Official Agricultural Chemists Offcial Methods of Analysis 9lh Ed 
Secs 2023 2 021 202j 20°6 2 027 I 960 n 

aUJrabson J \ Dunn R L Epps E \ Jr Hoffman V M and Jacd h v 
J \ssoC OlTc Agr Chemists 41,517 2* l£b8 
s Occ \ and Dc-jiz \ R \nal Chem 25, 1320-21 lfb3 
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taining from 0.4 to 1.0 mg. of P 2 O s per ml. in 0.1 mg. increments. These solutions 
are used for preparation of the calibration curve. Prepare fresh solutions contain- 
ing 0.4 and 0.6 mg. of P 2 0 5 per ml. at weekly intervals for checking the calibration 
curve. 

Calibration Carve .— Transfer 5-ml. aliquots of the standard solutions by means 
of matched pipets to a series of seven calibrated 100-ml. volumetric flasks and dilute 
to about 50 ml. Add 20 ml. of molybdovanadate reagent to all the solutions within 
a 5-minute period. Dilute to the mark, mix thoroughly, and let stand for 10 min- 
utes for color development. 

Fill two absorption cells with the standard containing 2 mg. of P 2 0 5 , and place 
the cells in the photometer. Set the wavelength at 400 m/t, and adjust the slit 
width so that the absorbance of one of the solutions reads zero. Check the ab- 
sorbance of the second solution. If exact matching occurs or if a positive reading 
is obtained, use the cells in the order read, with the first cell designated as the 
standard cell and the second as the sample cell. Otherwise, reverse the order of 
the cells and readjust the slit so that the solution in the first cell has zero absorb- 
ance. If the sample cell has an absorbance greater than 0.001, correct subsequent 
absorbance readings by subtracting the amount found. Determine the absorbance 
of the other solutions with the instrument set at zero absorbance for the 2-mg. 
standard. Empty and refill the standard cell with the 2-mg. standard after each 
determination to avoid errors arising from temperature changes. Plot absorbance 
against concentration of P 2 0 3 . 

Check on Comparison Standard.— An inherent weakness of the differential spec- 
trophotometric method is that an error in the standard containing 2.0 mg. P 2 O r> 
will affect all determinations made against this standard. The likelihood of error 
is greatly reduced by preparing a second standard as a check on the first. The 
following procedure should be used with each set of determinations requiring the 
preparation of a new comparison standard. 

Transfer 5-ml. aliquots of standard solutions containing 2.0 and 3.0 mg. of 
P 2 0- to 100-ml. volumetric flasks and develop the color as in the preparation of 
the calibration curve. Adjust the instrument to read zero absorbance for the 
2-mg. standard. Determine the absorbance for the 3-mg. standard; the absorbance 
of this solution must agree closely with the result on the standard curve. Other- 
wise, prepare fresh solutions of potassium dihydrogen phosphate and repeat the 
determinations. 

Procedure .— Digest a 1-g. sample with a mixture of 25 ml. of nitric acid and 
15 ml. of perchloric acid. If the sample contains, or is suspected of containing, 
a high proportion of organic matter, digest it first with nitric acid and then com- 
plete the digestion with the acid mixture. Evaporate to fumes of perchloric acid 
and fume for 3 minutes to remove oxides of nitrogen. Dilute to 50 ml. and boil 
for 2 minutes to remove decomposition products of perchloric acid. Filter (if nec- 
essary), cool, and dilute to volume in a volumetric flask. If the sample contains 
less than 5% P 2 0-, dilute to 250 ml. For higher concentrations of phosphate, 
dilute to such a volume that a 5- or 10-ml. aliquot contains 2 to 5 mg. of P..O-. 

For samples containing less than 5% P 2 O v transfer a 5-ml. aliquot to a 100-ml. 
volumetric flask and add 5 ml. of the standard phosphate solution containing 
2 mg. of P 2 O r> . Use an aliquot containing 2 to 5 mg. of P.,0 5 for samples contain- 
ing ntoic than 5% P.,O n . 
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Develop the color simultaneously in the unknown and in the respective stand 
aids containing 2 and 3 mg of P 2 0, Check, the absorbance of the 3 m<r stand 
arc! against that of the 2 mg standard, then proceed with the analysis as described 
in connection with the calibration curve Empty and refill the cell containing die 
2 mg standard after each determination to compensate for tempeirture differences 
Calculation — 


„ ^ nailherams P»Os in aliquot 

PaOj, per cent = — ; , X 100 

milligrams sample in aliquot 

TOTAL PHOSPHORUS— ALkALIMLTRJG QUINOLINIUM 
AIOLYBDOPHOSPHAT L METHOD « «« 

Phosphorus as orthopho«phate is separated as quinolinium molybdophosplute 
from a boiling solution m the presence ol curate The silt is separated and dis- 
solved in an excess of standard alkali The excess alk ih is back titrated in tlie 
presence of a thymol bluephenolphthalom indicator 
Superficially, the qumolimum method appears to be closely similar to the alkali 
metric ammonium mol) bdophosplntt method but actually it is quite different 
Molybdopliosphonc acid is iormtd first in the presence of citrate TJie base 
quinoline then is added to form crystals of quinolinium molybophosphate 
The citrate in the reagent complexes ammonium ion, thus preventing inter 
ference from precipitation of ammonium molydophosphate by the ammonium sails 
usually present in mixed fertilizers Large quantities of ammonium salts must be 
avoided, however, as they mi) ciuse formation of a mixed preeipitite Thecitrite 
also lessens interference from soluble silica When a large amount of silica is hi 
solved it should be dehydrated with perchloric acid and removed by filtration 
Reagents Citric Acid-Molybdate Solution —Add 54 g ol molybdic anhydride 
(Mo 0 3 ) to 200 ml of water in a metal or pi istic dish Avoid molybdic acid" 
which is largely ammonium molybdate Stirling continuously add 11 g of reagent 
grade sodium hydroxide pellets Continue the stirring and heat the suspension 
until virtually all the molybdic anhydride is dissolved Dissolve 60 g of citric acid 
m 250 to 300 ml of water and add 140 ml of hydrochloric acid Sttr the molyb- 
date solution into the acid solution Cool, filter through a pulp pad to remove 
turbidity and dilute to 1 liter A slight coloration ol the reagent is noimal 
should the color be dark blue or green, discharge most of it by dropwise addition 
of a dilute (0 5 to 1%) solution of potassium bromate Transfer to a polyethylene 
bottle and store in the dark 

Quinoline Solution —Add 60 ml of hydrochloric acid to 400 ml of water 1,1 a 
I liter beaker and heat to 80'C Stir m 50 ml of high purity synthetic quinoline 
When the quinoline has dissolved, dilute the solution to 1 liter and filter through 
a pulp pad Store in a polyethylene bottle The quinoline must be entirely h £C 
of reducing agents 

Quinoline can be freed of impurities by dissolving it in hydrochloric acid and 
adding an excess of zinc chloride in dilute hydrochloric acid solution to precipi 
tate a double salt of quinolinium hydrochloride with zinc chloride The salt « 
filtered on an inorganic filter and washed with dilute hydrochloric acid The 

33 Wilson, H N , Analyst, 76, 65-76, 1951 

34 Wilson, H N , Ibid , 79, 535— lb 19 j1 
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quinoline is then regenerated with an excess of sodium hydroxide, dried, and dis- 
tilled. 

Indicator. — Mix 3 volumes of 0.1% thymol blue solution with 2 of phenolphthal- 
ein solution. To prepare the thymol blue solution, add 2.2 ml. of 0.1 N NaOH 
to 0.1 g. of thymol blue and dilute to 100 ml. with 50% ethanol. Dissolve 0.1 g. 
of phenolphthalein in 100 ml. of 50% ethanol. 

Sodium Hydroxide.— 0.5 N, 1 ml. c= 1.366 mg. P 2 O s . 

Hydrochloric Acid.— 0.5 N. 

Sodium Hydroxide.— 0.1 N. 

Hydrochloric Acid.— 0.1 N. 

Procedure .— Dissolve a sample by one of the three methods described. Digestion 
with nitric and hydrochloric acids will remove most of the ammonia. The nitric- 
perchloric acid method is advantageous when silica needs to be dehydrated or 
when organic matter is present. 

Transfer an aliquot containing 20 to 50 mg. of P 2 O s to a 500-ml. wide-mouthed 
Erlenmeyer flask which has been marked at 150 ml. When the sample does not 
contain calcium, dissolve 100 to 200 mg. of phosphorus-free calcium carbonate in 
the solution. Heat the solution nearly to boiling and add, dropwise, 20% sodium 
hydroxide solution until a faint precipitate persists. (The sodium hydroxide 
should be prepared in a metal beaker, but stored and dispensed from a plastic 
container.) Bring the solution to a boil and add hydrochloric acid, dropwise, to 
dissolve the precipitate. 

Dilute the solution to 150 ml., add 50 ml. of the citric acid-molybdate solution, 
and boil gently for 3 minutes. The solution must be free of precipitate at this 
point. Should precipitation occur, contamination of the reagents or the solution 
with ammonia should be suspected. 

Add 25 ml. of the quinoline reagent, dropwise at first, then in a slow stream, 
swirling the solution during the addition to ensure a coarsely crystalline precipi- 
tate. Place the flask in boiling water for 5 minutes, then cool to room tempera- 
ture in running water. 

Decant through a pad of filter pulp. Transfer the precipitate to the filter with a 
jet of cold water. Wash the flask with small portions of cold water, then wash 
the precipitate free of acid. Transfer the pad to the precipitation flask and break 
it up with about 50 ml. of water. Dissolve the precipitate in an excess of 0.5 N 
sodium hydroxide. Shake the slurry and examine it to ensure the absence of un- 
dissolved particles. Add 0.5 to 1.0 ml. of the thymol blue-phenolphthalein indi- 
cator and back-titrate with 0.5 N hydrochloric acid. The color change is from 
violet to greenish blue and finally to yellow at the end point. 

Run a blank on all the reagents. Use 0.1 N base and acid for the titration, 
and calculate the net base used to 0.5 N NaOH. Subtract this blank from the 
0.5 N NaOH used in neutralizing the original precipitate. 

Calculation.— 


1 ml. of 0.5 N NaOH =c= 1.366 mg. P 0 O 5 


P 2 O 6 , per cent = 


milliliters of NaOH X 1.366 
10 X weight sample, grams 
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TOTAL PHOSPHORUS-GRAVIMETRIC QU1NOL1NIUM 
MOLYBDOPHOSPHATE METHOD « » 

Phosphorus is precipitated in the same u,i) as in the alhalimetric quinolunum 
method The precipitate is filtered on a glass liber filter, dried at 250'C, an( j 
weighed as the anhydrous quinotuuum salt, 8C 9 H 7 N 
With attention to detul precipitates of essentially theoretical composition a tc 
oht lined and die method yields quite accurate results A high molecular weHit 
and i low phosphorus content make the quinolmiura salt an excellent wei»hin» 
form for phosphorus n 

Reagents Citric Acid Molybdate Solution —Prepare as for alkahmetnc quino- 
Uiuutn method 

Quinoline Solution —Prepare as for alkahmetric qumolmium method 
Procedure —Dissolve the sample by one of the three methods described Am 
mo mum salts and silicates m significant quantities can cause difficulty, so care mint 
be tiken to introduce neither in the reagents 
Pipct an aliquot containing not more than 23 mg of PaO,, into a 500 ml Hide 
mouthed Erlcnmeyer flask Add 100 ml of water, then 25 ml of the time and 
molybdite solution Boil gently for 3 minutes The solution must be clear at 
this point a precipitate indicates contamination with ammonia Add 125 ml of 
the quinoline solution from a buret, dropwise foT the first feav milliliters then in 
a slow stream Swirl the solution during the addition to promote growth of crys- 
tals Allow to stand for 5 minutes with occasional swirling, to coagulate the pre 
cipnaie Cool to Toom temperature in running water 

Place a 2 4 cm circle of glass fiber filter paper in a Goocli crucible (Coors No l 
or eqtmalent) apply suction, and wash a few times with distilled water Dry at 
230*6 Cool in a desiccator and weigh 

I liter the solution through the tared crucible transfer the precipitate to die 
<r liable with a minimum of water, and wash the precipitate twice with 5 ml por 
tions of water Dry to constant weight (about 15 minutes) in a forced draft oien 
at 250°C, and cool to room tempeiature over freshly dried activated alumina in 
an exaemted desiccator Subtract a reagent blank as determined on the current 
batch of reagents 
Calculation — 


_ _ net weight of precipitate, milligrams X 3 2074 

P 20 6l per cent = : : -j 

WATER SOLUBLE PHOSPHORUS 37 3H 
T he w iter solubility of the phosphorus in a fertiliser is useful as a guide m 
manufacturing and in checking for compliance with specifications The majoi 
phosphatic constituent in superphosphate for example, is mouocalcium phosphate 
which is tsater soluble When a superphosphate is ammoiuated, hoaeur, the 

Perrin C II,J Assoc Olfic Agr Chemists, 41, 758-G3, 1938 
a* Wilson H N, Analyst 79,535-10,1954 _, 

s Association of Official Agricultural Chemists, Official Methods of AnaljsU 9tn 
Sics 2 02H, 2 029. I960 „ 

-s Urabsoti. J A , Jacob. K D. Wilhide. W D. and Hoffman, W M. } A*** ,,Bt 
Agr Chemists 42,503-7 1939 
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water-solubility is decreased through formation of more basic calcium phosphates, 
and the water-soluble phosphates that remain are primarily ammonium salts. 

Water-soluble compounds interfere in the determination of citrate-insoluble 
phosphorus in mixed fertilizers and acidulated materials. These fertilizers, there- 
fore, are extracted with water prior to extraction with citrate, even though the 
water-soluble phosphorus may not be determined. 

Procedure .— Place a 1-g. sample on a 9-cm. filter (Whatman No. 2 or equivalent) 
and wash with successive small portions of water until the volume of filtrate ap- 
proaches 250 ml. Allow each portion of wash water to pass through the filter 
before adding another, and if, after 30 minutes, it is obvious that the washing 
cannot be completed in 1 hour, use light suction. If the filtrate is turbid, add 1 
to 2 ml. of nitric acid, dilute to the mark, and mix well. Pipet a suitable aliquot 
and hydrolyze, if necessary, to the orthophosphate. Determine phosphorus by the 
alkalimetric method or by the differential spectrophotometric method, as described 
for total phosphorus. Reserve the filter and residue for the determination of 
citrate-insoluble phosphorus. 

CITRATE-INSOLUBLE PHOSPHORUS 39 

Phosphatic fertilizers usually contain some phosphorus that is insoluble in a 
neutral solution of ammonium citrate. This citrate-insoluble phosphate is taken 
as a measure of the phosphorus that will not be available to plants. Unreacted 
phosphate rock in a superphosphate, for example, is citrate-insoluble and is not 
readily utilized by plants. 

The method is empirical. The residue from the determination of water-soluble 
phosphorus is extracted with citrate solution under prescribed conditions. Phos- 
phorus in the residue from the citrate extraction is determined by the alkalimetric 
method or by the differential spectrophotometric method. 

Reagents. Neutral Ammonium Citrate.— Dissolve 370 g. of citric acid in 1500 
ml. of water and nearly neutralize with ammonium hydroxide (about 345 ml. of 
the usual reagent containing 28 to 30% NH 3 . When weaker ammonium hydrox- 
ide is used, use less water to dissolve the citric acid. Cool to 20°C. and adjust the 
pH to exactly 7.0 by small additions of ammonium hydroxide; a pH meter should 
be used. Then adjust the specific gravity to 1.09 at 20°C. Check the pH at 
weekly intervals and adjust as necessary. 

The pH of the solution is critical. Colorimetric methods can be used in its 
adjustment but are much less reliable than electrometric methods. Even with 
electrometric methods, an independent check with a second pH meter is a wise 
precaution. 

Ammonium Nitrate.— Dissolve 50 g. of NH 4 NO s in 1 liter of water. Add a few 
drops of methyl red, and just discharge the red color with dilute ammonium 
hydroxide. 

Citrate Extraction. Acidulated Materials and Mixed Fertilizers.— Make the ci- 
trate digestion on the residue from the water-soluble determination within 1 hour 
after the water extraction. Transfer 100 ml. of neutral ammonium citrate solution 
to a 250-ml. rubber-stoppered volumetric flask (“fertilizer flask”) or Erlenmeyer 
flask, and heat the flask and contents to 65°C. Add the residue and filter paper 

3! > Association of Official Agricultural Chemists, Official Methods of Analysis 9th Ed 
Secs. 2.030, 2.031, 1960. 
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from the water extraction Stopper the flask and shake vigorously to break u 
the paper Relieve the pressure by loosening the stopper momentarily tlei« 
stopper tightly Fasten the flask in an apparatus that will hold the temperature 
at 65 C and will so agitate the contents of the flask that dispersion of tl e samnle 
in citrate solution is continually maintained and entire inner surface ol flask aid 
stopper is continually bathed with solution — AOAC Digest for exactly ] hour 
Quickly filter the extract through a Whatman No 5 paper (or equivalent) or 
through a paper pulp pad with the aid of suction Wash with water at 65 C unnl 
the filtrate reaches a volume of about 350 ml Should the sample yield a cloudy 
filtrate repeat the determination and wash the pad with a 5% ammonium n true 
solution at 65®C 


Nonacidulated Materials —Place a 1 g sample on a 9 cm No 2 Whatman fil er 
paper or equivalent and without washing transfer sample and paper to a 2o0ml 
fertilizer flask containing 100 ml of neutral ammonium curate solution previously 
heated to 65®C Proceed as directed for acidulated samples 

Decomposition of Citrate Insoluble Residue —Among the several ways of decom 
posing citrate insoluble residue a common practice is to digest it (and the paper) 
with nitric and hydrochloric acids in a fertilizer flask The slurry is diluted to the 
mark and filtered on a dry filter prior to taking an aliquot for analysis Use ot a 
volumetric flask is a practical expedient in the analysis of citrate insoluble residues 
but its use for similar digestions in the decomposition of high analysis fertilizers 
is an indefensible practice 

Another convenient method is to transfer the paper and contents to an un 
glazed clay crucible (annealing cup) and to burn off the paper m a muffle furiace 
at the minimum temperature The residue can be transferred to a beaker a d 
dissolved in hydrochloric acid (preferably) nitric acid or perchloric acid Removal 
of the paper permits use of the entire citrate insoluble residue for the pi osphorus 
determination— a distinct advantage when the amount of citrate insoluble pi os 
phorus is quite low 

Wet ashing of the paper and citrate insoluble residue with a nitric perchlor c 
acid mixture is another useful technique when the amount of phosphorus is qu te 
low This procedure is particularly advantageous when the sample conta ns or 
game phosphates from materials such as tankage or cottonseed meal 

Determination Alkalimetnc Method —Transfer the solution (or an aliquot) ob- 
tained from one of the decomposition methods to a 500 ml wide mouthed Erlen 
meyer flask and determine phosphorus by the alkalimetnc method used for total 
jhiusfhrarux 


Differential Spectrophotometric Method —Preparation of the solution is more 
critical when the spectrophotometric method is to be used The dry ashing tedi 
mque with subsequent digestion of the residue in perchloric acid is well suited 
for inorganic phosphates Wet ashing with nitric and finally with perchlor c ac d 
is applicable to all residues including those which contain organic phospl ates 
The amount of acid in the sample should not exceed the equivalent of 2 ml oi 
70% perchloric acid Since the solution must be filtered to remove the insoluble 
residue the best procedure is to add to an aliquot 2 0 mg of P»0 5 before develop 


ing the color 
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DIRECT AVAILABILITY METHODS 40 ’ 41 ’ 42 - 43 ' 44 - 45 
Methods have been proposed for the direct determination of available phos- 
phorus in the combined water and citrate extracts. These mediods are being stud- 
ied by AOAC, and it may be expected that a direct availability method will be 
adopted soon. 


POTASSIUM 40 4 -. 4S 

Potassium or “potash” in fertilizers is usually added as tire chloride, although 
some less soluble salts, such as the sulfate, are used occasionally. 

Water solubility of the potassium is determined only on the pure salts. When 
they are blended with other ingredients, as in mixed fertilizers, the mixture is 
boiled with an ammonium oxalate or ammonium carbonate solution, and the fil- 
trate from the digestion is analyzed for potassium. Total potassium is determined 
in organic materials such as cottonseed meal and tobacco stems. 

The classical gravimetric method, in which potassium is weighed as the chloro- 
platinate, is an excellent procedure in experienced hands. However, it is time- 
consuming, it requires above-average technique, and it entails a considerable in- 
vestment in platinum, so it will not be included in diis chapter. The procedures 
described here are better suited for the laboratory that is called upon to analyze 
an occasional sample for potassium; they are also suitable for production analyses. 

TITRIMETRIC TETRAPHENYLBORATE METHOD 

The titrimetric tetraphenylborate method for potassium in fertilizers requires a 
somewhat expensive reagent, sodium tetraphenylborate (STPB), but this cost is off- 
set by a relatively small investment in equipment. The procedure is simple; it 
can be used by skilled technicians who may lack broad theoretical training. 

Ammonium ions form an insoluble tetraphenylborate salt analogous to the po- 
tassium compound. Since fertilizers usually contain ammonium salts, and am- 
monium oxalate is used to prepare solutions of fertilizers, interference by ammo- 
nium ions is prevented by adding formaldehyde, which reacts to form hexameth- 
ylenetetramine. Other ions generally present in fertilizers do not interfere. 

An aliquot of the water, ammonium oxalate, or acid extract of the fertilizer is 
made alkaline with sodium hydroxide, and formaldehyde is added. Potassium is 
precipitated with an excess of standard STPB solution. The excess STPB in an 
aliquot of the filtrate is titrated with standard quaternary ammonium chloride in 
the presence of Clayton yellow indicator. 

Apparatus .— Use microburets for dispensing small volumes of standard solutions. 

Reagents. Sodium Hydroxide.— Dissolve 20 g. of the reagent in 100 ml. of water. 

Formaldehyde.— Reagent-grade, 37%. 

•to Allen, H. R„ Swift, E., Hays, R., and Kaufman, Z. F„ J. Assoc. Offic. Agr. Chemists, 
35, 764-67, 1952. 

Ji Brabson, J. A., and Wilhide, W. D., Ibid., 42, 574-78, 1959. 

Gelirhe, C. W., and Johnson, F. J., Ibid., 42, 569-74, 1959. 

43 Hoffman, W. M., and Jacob, K. D., Ibid., 42, 508-11, 1959. 

JJ Perrin, C. H., Ibid., 42, 567-68, 1959. 

■J5 Teague, R. T„ Jr., Ibid., 36, 880-85, 1953. 

to Association of Official Agricultural Chemists, Official Methods of Analysis 9th Ed 
Secs. 2.073, 2.074, 2.075, 1960. 

47 Epps, E. M„ and Burden, J. C„ Anal. Chem., 30, 1882-83, 1958. 

JS Schall, E. D„ Ibid., 29, 1044-16, 1957. 
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Sodium Tetraphenylborate — Dissolve 12 g of the reagent (source J T Bal w 
Chemical Company PhiUipsburg N J ) m 800 ml of water Add 20 to 2a g 0 | 
ilumiuum hydroxide stir for 5 minutes and filter (W human No 42 paper Qt 
equivalent) Should the first portion of filtrate be cloudy collect it separate!; and 
refilter it Add 2 ml of 20% sodium hydroxide to the clear filtrate dilute t 0 
1 liter and mix thoroughly Allow the solution to age for 2 days in a polyethylene 
container before standardization 

Claiton Yellow Indicator —Dissohe 0 040 g of Clayton yellow (Color Index No 
IOalO) in 100 ml of water 

Quaternary Ammonium Chloride —Dilute 50 ml of 12 8% Zepluran chloride 
(U i n tin op Stearns Inc New York 18 N Y or local pharmacies) to 1 liter Deter 
mine the relation ot this solution to the STPB solution as follows to 1 00 ml ol 
SITU solution in a 12a ml Erlenmcyer flask add 20 ml of water 1 ml of 20® 
sodium hydroxide 2 5 ml of formaldehyde 1 5 ml of 4% ammonium oxahie 
solution and 0 to 8 drops of indicator titrate with Zephiran chloride solution to 
the pink end point so dilute the Zephiran chloride that 2 ml of it is equivalent 
to 1 ml of STPB solution 

Potassium Dihydrogen Phosphate —Highest purity reagent of certified compos 
tion Dry for 2 hours at 10a 8 C before weighing 

Standardization of Sodium Tetraphenylborate —Prepare a standard soluhovot 
potassium by dissolving 2 500 g of potassium dihydrogen phosphate (34 61% K 0) 
in water adding d 0 ml of 4% ammonium oxalate solution and diluting the mix 
ture to volume in a 2o0 ml volumetric flask To 15 ml of this solution m a 100 ml 
volumetric flask add 2 ml of 20% sodium hydroxide 5 ml of 37% formaldehyde 
ind 43 0 ml of STPB solution Dilute to volume with water and mix tliorougllv 
After 10 minutes filter through a dry filter Transfer 50 ml of the filtrate to a 
125 ml Erlenmeyer flask anil add 6 to 8 drops of Clayton yellow indicator Titrate 
the excess STPB solution with Zephiran chloride to a pink end point Calculate 
the factor by the relation 

b •= — — — ^ ~ = % K 2 O per milliliter of STPB solution 

43 — ml Zephiran r 

Factor / applies whenever 2 5 g of sample is diluted to 250 ml and a 15 ml 
aliquot is used for the determination of potash 

Preparation of Sample for Analysis Water Soluble Salts —Dissolve 2 p g of 
fertilizer (I 2d g when K_0 content exceeds 50%) in water and dilute to 2o0 ml 
m 1 volumetric flask In the event of an insoluble residue use the method spco 
fied for mixed fertilizers 

Mixed Fertilizers —Transfer 2 5 g of sample (1 2o g when K_0 content exceed* 
50%) to a 400 ml beaker and adcl 125 ml of water and 50 ml of saturated ammo- 
nium oxalate solution Boil for 30 minutes Foaming can be controlled by adding 
1 ml of a diglycol stearate solution (20 g diglycol stearate technical in a mixture 
of 500 ml benzene and 500 ml 95% ethanol) Add a slight excess of ammonium 
hydroxide (test paper) and transfer to a 250 ml volumetric flask Cool dilute to 
volume and filter through a dry filter to obtain a solution for analysis 

Determination —Transfer a 15 ml aliquot of the sample solution to a lOOnd 
volumetric flask Add 2 ml of 20% sodium hydroxide and 5 ml of formalileh) l< 
Add I ml of STPB solution for each 1% Jv O expected plus an 8 ml excess » 
cnsuic complete precipitation Dilute to volume and after 10 minutes n ta 
throvi„h a dry filter (Whatman No 12 or equivalent) 
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To a 50-ml. aliquot of the filtrate in a 125-ml. Erlenmeyer flask, add 6 to 8 drops 
of Clayton yellow indicator. Titrate with Zephiran chloride to the same pink end 
point used in the standardization. 

Calculation.— For 2.5-g. sample, 

K 2 0, per cent = (milliliters of STPB — milliliters of Zephiran) X F 

For 1.25-g. sample, 

K 2 0, per cent = (milliliters of STPB — milliliters of Zephiran) X 2 F 

Precautions.-Whereas an excess of STPB must be added to ensure complete 
precipitation and to depress the solubility of the precipitated potassium salt, a large 
excess obscures the end point of the back-titration in the presence of a large 
quantity of precipitate. When a very low back-titration is obtained, the determi- 
nation should be repeated with a greater amount of precipitant. 

Although the STPB solution is fairly stable after the initial aging step, it should 
be checked daily to make sure that it has not deteriorated. 

Avoid die error of mixing alkali and formaldehyde and adding them as one 
reagent as after 1 day of standing the mixture will not complex ammonia. 

FLAME PHOTOMETRIC METHOD-DIRECT INTENSITY ■*9,50,51,52 

Flame photometers vary widely in their operating characteristics, and methods 
must be tailored to suit the instrument. Breakdowns occur, regardless of the make 
of instrument, and the availability of personnel capable of keeping the instrument 
in working order should be considered in deciding whether or not to buy a flame 
photometer or a flame attachment. 

Potash is determined flame photometrically by direct intensity methods and by 
methods based upon the principle of an internal standard. Direct intensity methods 
are the more widely used, but the choice of method may depend upon the equip- 
ment available, and both types of procedure are described. 

The direct intensity approach has the advantage that it may be used on any 
flame photometer, including instruments equipped for measurements with an in- 
ternal standard. An aqueous solution of the sample is atomized into a flame, which 
causes potassium to emit its characteristic spectrum. The light is passed through 
a monochromator to isolate the stronger lines of potassium, and their intensity is 
measured with a photoelectric device. The results are evaluated by comparison 
with a calibration curve. 

Some anions, particularly sulfate and phosphate, have a pronounced effect on 
the intensity of the emission. In the procedure described here, the anions in a 
solution of the sample are exchanged for nitrate ions on an anion exchange resin. 

Reagents. Ammonium Carbonate.— Dissolve 50 g. of reagent-grade ammonium 
carbonate in 1 liter of water. 

Methyl Red Indicator.— Dissolve 0.2 g. of the acid in 100 ml. of 95% ethanol. 

Nitric Acid.— Dilute 1 volume of the reagent with 10 volumes of water. 

w Association of Official Agricultural Chemists, Official Methods of Analysis, 9th Ed., 
Secs. 2.0G7, 2.068, 2.069, 2.070, 2.071 , 2.072. 1960. 

30 Gardiner, K. W„ Physical Methods of Chemical Analysis, Vol. Ill, Berl, W . G., ed., 
\cadcmic Press Inc., New York, pp. 219-80, 1956. 

51 Gehrkc, C. W., Affsprung, H. E., and Wood, E. L., J. Agr. Food Chem., 3, 18-50, 1955. 

Gehrkc, C. W„ and Wood, E. E., Missouri Univ. Agr. Expt. Sta., Research Bull. 635, 
1957. 
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Potassium Nutate or Chloride — Recry stallize twice from water Dry the nitrate 
at 105°C for 5 hours Dry the chloride at 105°C for 1 hour then ignite a at 
500'C for 1 hour 

Anion Exchange Resin —The a\ailability of specific resins changes as newly de 
veloped resins supplant older ones The following resins proved suitable then 
this method tvas studied collaborativcly under sponsorship of AOAC Amberiite 
IR 4B (Fisher Scientific Co Pittsburgh Pa ) Duolite A 7 or Duohte A 41 (Resmou 
Products Co Redwood City Calif) De Acidite or Permutit S (Permutit Inc New 
York NY) Other resins of comparable characteristics should also be suitable 
The resin should be m the nitrate form when it is used for separation of ituerkt 
ing anions The following procedure is designed to regenerate the used resn 
which must be done after it has been used 10 times To about 1 5 lb of the resn 
in a 4 1 beaker add sufficient 5% sodium hydroxide to float the resin when it s 
stirred Stir for 30 minutes allow the resin to settle and decant the liquid treat 
the resin this way three times Add about 3 liters of water stir a few minutes 
and decant wash this way five times to remove the excess sodium hydroxide 
To convert the resin to the nitrate form treat it three times with 5% nitric atd 
allowing the resin to settle each time and decanting the acid Wash the resin bv 
decantation or by backwashing in a column until the pH of the washings is above’ 
Drain off excess water and store the moist resin in a closed container 
New resin may be received in the hydroxide form Treat this resin onlyoie 
time with 5% sodium hydroxide and proceed as directed above for the spent resn 
Prepare resin columns from 12 in lengths of standard wall glass tubing with an 
outside diameter of 2 5 cm Connect one end of each tube to a 2 way stopcock by 
means of a rubber stopper or preferably by sealing the stopcock to the tubing 
When a stopper is used choose one that leaves no void at the wall of the column 
and do not let the stopcock tubing protrude above the end of the stopper Plate 
a wad of glass wool over the outlet to the column open the stopcock and fill the 
column to a height of 8 inches with resin from a water suspension 

Preparation of Calibration Cune —Prepare i solution containing 1000 p p m o! 
potassium by dissolving 1 2929 g of potassium nitrate or 0 9534 g of potassium 
chloride in water and diluting to 500 ml Then by dilution prepare solutions 
covering the range 0 to 80 p p m of potassium at intervals of 10 p p m or less 
Adjust the flame photometer so that 50 p p m of potassium gives a reading neir 
midscale Prepare a standard curve relating emission to concentration 

Preparation of Sample for Analysis Potassium Chloride or Potassium Sulfate-- 
Dissolve 1 5058 g of salt in water and dilute to 500 ml The solution of potassium 
chloride is analyzed without further treatment Potassium sulfate must 'oe ctm 
verted to the mime by passage through a resin column before analysis 
Mixed Fertilizers and Potassium Magnesium Sulfate —To 1 5058 g of sample in 
a 400 ml beaker add 100 ml of water and 20 ml of ammonium carbonate solution 
Boil for 5 minutes If the sample contains less than 30% K..O transfer to a 2a0ml 
volumetric flask cool and dilute to volume Dilute the solution to 500 ml if tbe 
sample contains more than 30% K fl O Filter the solution through a dry filter 
to obtain aliquots for analysis 

Determination —Put a 10 ml aliquot in a 250 ml beaker Add a drop of meth) 
red indicator and neutralize to a pH of 5 by dropwise addition of dilute nitric act 
Add sufficient water to the column to just cover the iesin then transfer the samp e 
from the beaker to the column Dram the column into a 250 ml volumetric Has 
at a rate of 2 drops per second Rinse the beaker 3 times with water and add t e 
washings to the column Catch 75 ml of effluent and continue to add water so 
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that the resin will be covered as the stopcock is opened and an additional 100 ml. 
of washings is collected. Dilute to volume. 

Atomize the solution under the same conditions used to prepare the standard 
curve. Check points on the standard curve at intervals to ensure proper calibra- 
tion. Determine the parts per million of potassium in the sample from the 
standard curve. 

Calculation.— For samples containing less than 30% K 2 0, 

K 

K 2 O, per cent = p. p. m. — 

For samples containing more than 30% K 2 0, 

K 2 0. per cent = p. p. m. K 

Independent Check on Performance of Instrument and Procedure. — To 1.5058 g. 
of potassium acid phthalate and 0.5 g. of diammonium phosphate in a 400-ml. 
beaker, add 100 ml. of water and 20 ml. of ammonium carbonate solution. Proceed 
as directed for mixed fertilizers. The' K 2 0 content of the sample is 23.0%. 

FLAME PHOTOMETRIC METHOD-INTERNAL STANDARD 5S - »*• 55 

A double-beam flame photometer is required for the internal standard technique. 
Another element, lithium, is added to the solution of the fertilizer before it is 
atomized. The intensity of the potassium emission is measured with one optical 
system and the emission of lithium with the other. Anions that affect the potassium 
emission similarly affect the emission of lithium, and since the ratio of the intensi- 
ties of potassium and lithium is measured, the effect of anions is compensated. 

The internal standard methods for determining potassium used in the author’s 
laboratory, since 1952, have obviated the necessity for anion removal in determin- 
ing potassium in fertilizers. The procedure described here has been used with 
Perkin-Elmer models 52-C and 146 flame photometers. Although the optimum 
strengths of solutions and ratios of lithium to potassium may differ somewhat for 
other instruments, the general principles should apply. 

A solution of the sample, mixed with a fixed amount of lithium solution, is 
atomized in a propane flame. The light passes through a monochromator where 
it is dispersed into the spectrum of the alkalies and then to a beam-splitting mirror. 
One beam falls on a movable slit, adjusted to allow potassium light to pass, and 
the other falls on a fixed slit, set to allow only lithium light to pass. 

The light strikes two phototubes, causing current to flow. The amplified signals 
are then balanced by a single potentiometer control. Since the lithium signal is 
made constant through the use of a fixed amount of lithium in samples and stand- 
ards, the adjustment required to bring the potassium signal into balance is propor- 
tional to the potassium content of the unknown. 

Reagents. Potassium Chloride.— Recrystallize twice from water, dry at 105°C., 
and heat for 1 hour at 500°C. Prepare a solution containing 0.5 p. p. m. K„0 by 
dissolving 1.5830 g. of the purified salt in water and diluting to 2 liters' in a 
volumetric flask. 

53 Association of Official Agricultural Chemists, Official Methods of Analysis, 9th Ed 
Secs. 2.060(a), 2.060(b), 1960. 1 

Berry, J. IV., Chappell, D. G., and Barnes, R. B„ Ind. Eng. Chem., AnaT. Ed., 18, 
19-24, 1946. 

55 Gardiner, K, W., Physical Methods of Chemical Analysis, Vol. Ill, Berl, W. G., ed„ 
Academic Press Inc., New York, pp. 219-80, 1956. 
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Lithium Chloride —Dissolve 5 lb of the reagent in 2 to 3 liters of water Alfo* 
to stand for 2 days, then filter through a fine fritted glass filter Add 232 ml 0 [ 
70% perchloric acid and dilute to 23,200 ml This solution contains 16 000 ppm 
of lithium 

Preparation of Calibration Curve —Transfer 25 ml portions of the lithium solu 
tion to a series of eleren 500 ml \olumetnc flasks Add 5 to 50 ml of potassium 
solution (in 5 ml increments) to ten of the flasks, and resene the other as a «to 
standard These solutions when diluted to solu me, contain 0 to 50 p p m k,0 

Perform the preliminary manipulations such as adjusting gas and air pressures 
and tvarming up the instrument according to the manufacturers directions Alan 
ire the zero potassium standard Set the internal standard dial at zero and adjust 
the meter needle to 50 by means of the gain controls Then set the internal 
standard dial at 100 and atomize the 50 p p m k 2 0 standard Again adjust die 
gam controls until the meter reads 50 \« nn atomize the zero and 50 p p m k 0 

solutions and adjust the gain controls to bring the meter back to the null point 
Repeat until steady readings are obtained then atomize the other solutions and 
record the dial settings Check the zero and 50 p p m kjO settings again adjust 
ing the gain controls if necessary then obtain another set of readings for the other 
standards Plot the internal standard dial reading? against concentrations to obtain 
a calibration cune 

Preparation of Samples for Analysts —Use any of the applicable procedures de 
scribed for water soluble salts or mixed fertilizers in the discussion of the solumetnc 
method for potassium 

Determination —To an aliquot containing 10 to 15 mg of k 2 0 in a 500ml 
\oIumetnc flask add 25 ml of the lithium chloride solution used in prepirmg 
the calibration standards Dilute to \ohime 

With the instrument calibrated atomize the sample solution and calculate the 
approximate k_,0 content of the sample Then atomize a standard which has 
nearly the same k 2 0 content The internal standard dial reading should be the 
same as the one obtained m the original calibration if not stable conditions hast 
not been reached, and the determination must be delayed until adjustments are 
made Repeat the reidings and take an average to obtain greater accuracy Deter 
mine milligrams of k O from the calibration curve 

Calculation.— 

_ milligrams of KjO in aliquot X 100 

k«0, per cent = — - — 

milligrams of sample in aliquot 

ACID- OR BASE-FORMING QUALITY s - 5 59 6,) « l « 

Fertilizers undergo reactions m the soil that may change the soil pH The r«i 
dues from ammonium salts for example, increase the acidity of the soil, whereas 
the residue from calcium cyanamide decreases it 

Allen, H R, and Cault L J Assoc Offic Agr Chemists 2(5, 68-74, 1943 

st Association of Official Agricultural Chemists, Official Methods of Analysis, 9ih 
Secs 2 099, 2 100, 1960 

s* Pierre, W H , Ind Eng Chem , Anal Ed , 5, 229-34, 1933 
Pierre, IV H.J Assoc Offic Agr Chemists 17,101-7 1931 
Pierre, \\ II , Tully, N , and Ashhum, H V , Ind Eng Chem , Anal Ed . I®> 

1938 

•a Smith J B J Assoc Offic Agr Chemists 19,284-88 1936 
Willis L G, Ibid, 19,309-12 1936 
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The acid- and base-forming qualities of specific compounds can be calculated. 
Exact knowledge of the formulation, or the complete chemical composition of a 
fertilizer is required, however, to make these calculations. The method described 
here requires a minimum of analytical information to obtain an estimate of the 
acid- or base-forming characteristics of the fertilizer. 

The following concepts provide a basis for determining the acid-base balance of 
a fertilizer. 

(a) Only one hydrogen of phosphoric acid is acid-forming. Monocalcium phos- 
phate is considered a neutral salt; it has been shown to have little effect on 
the pH of most soils. 

(b) One-half of the nitrogen is acid-forming. All nitrogen compounds may be 
converted, through nitrification, to nitric acid and so neutralize bases in the 
soil. Experiments have shown, however, that plants take up twice as much 
nitrate as base from a nitrate salt, thus leaving half of the base for neutraliza- 
tion of acidity in the soil. 

(c) Sulfur and chlorine are acid-forming elements. 

(d) Calcium, magnesium, sodium, and potassium are base-forming elements. 

Determination of the acid- or base-forming quality of a fertilizer involves calcu- 
lation of the acidifying power of the nitrogen and measurement of the residual 
acidity or alkalinity of the non-nitrogen portion. 

To measure this residual effect, a sample of the fertilizer is ignited at fairly low 
temperature with sodium carbonate and carbon black. Nitrogen compounds are 
decomposed, and the nitrogen is expelled. Chlorides, sulfates, and phosphates not 
combined with bases in the fertilizer react with equivalent portions of the sodium 
carbonate. The resultant sinter is treated with an excess of standard acid, and 
the excess acid is back-titrated. 

Reagents. Sodium Carbonate.— 2 N. 

Hydrochloric Acid.— 1 N. 

Sodium Hydroxide.— 0.5 N. 

Mixed Indicator.— To 0.1 g. of bromocresol green and 0.02 g. of methyl orange 
in an agate mortar, slowly add 2 ml. of 0.1 N NaOH. Rub the solids until they 
dissolve. Dilute to 100 ml. with water. 

Carbon Black. 

Procedure — Transfer an appropriate weight of sample to a 150-ml. borosilicate 
glass beaker. When the total plant-food content (total N -f available P„0 , + 
oxalate-soluble K a O) is less than 30%, use 1 g. of sample. Use 0.5 g. for higher- 
analysis materials, 0.25 g. for straight sodium nitrate or potassium nitrate. Add 
10 ml. of 2 N sodium carbonate solution from a buret or pipet, then add 0.25 
g. of carbon black and mix thoroughly. Place the beaker in a sand bath to the 
depth of the mixture and evaporate to dryness. An ashless filter paper cone, 
lolcled so that the base just fits into the beaker, will control spattering. The apex 
of the cone is cut off to form a 3-mm.-vent. 

Place the beaker in a muffle furnace at 250°C. Raise the temperature gradually 
to the range 575° to 600°C., and hold it at this level for 1 hour. (All carbon need 
not be removed by the ignition.) Cool the beaker below 100°C., add 50 ml. of 
water, cover with a watch glass, and add 30 ml. of 1 N hydrochloric- acid through 
the lip. When effervescence ceases, place the covered beaker on a steam bath or 
hot plate and hold the temperature just below boiling for 1 hour. 
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Filter through a paper pad in a Gooch crucible or a funnel and into a 230ml 
filtering flask Wash 5 times with 5 ml portions of hot water Add 0 4 ml of 
the mixed indicator to the clear filtrate and titrate to a light green end point 
with 0 5 A r sodium hydroxide The proper end point is at pH 4 3 where green 
predominates o\er yellow 

Blank Determination —Dilute 10 ml of the 2 N sodium carbonate solution to 
70 ml in a 2a0 ml Erlenmeyer flask Carefully add 30 ml of 1 N hydrochloric 
acid When effervescence ceases boil gently to remove carbon dioxide Add 
mixed indicator and titrate with 0 5 A' sodium hydroxide as described above The 
volume of sodium hydroxide solution required for the titration is the blank 
Calculations —Mixed fertilizers usually but not always contain both acid forming 
and base forming constituents The algebraic sum of these constituents determine 
whether a fertilizer is acid or base forming By convention acid formers are gnea 
a negative sign and base formers a positive sign The amounts are expressed a- 
pounds of calcium carbonate per ton of fertilizer 

Nitrogen determined separately is always acid forming Theoretically tb 
nitric acid produced by the nitrification or 28 lb of nitrogen would require 1001b 
of calcium carbonate for neutralization but actually only 50 lb of CaC0 3 is re 
quired In 1 ton of fertilizer 28 lb of nitrogen equals 1 4% N It follows tha 
35 7 lb of CaCO a is needed to neutralize the acid produced by 1 ton of fertil ze: 
containing 1% nitrogen The result is given a negative sign 

The non nitrogen residue of the fertilizer can be either acid or base forming 
When more alkali is required to titrate the residue than the hlank the restdue r 
acid forming and the result is given a negative sign When less alkali is required 
the fertilizer is base forming and the result is given a positive sign The 0 d V 
NaOH is equivalent to 0 025 g CaCO a per ml When a 1 g sample is used 1 ml 
of NaOH is equivalent to 0 02o g CaC0 3 per g of sample, or 50 lb CaC0 3 per tor 
of fertilizer 

When fertilizers contain curate insoluble P 3 O a a correction is applied Thi 
citrate insoluble residue usually contains some phosphate rock that appears as i 
base forming material in the titration Raw phosphate rock has little effect or 
the pH of any except the most acid soils The correction is made on the assurop 
tion that the citrate insoluble residue js tricalcium phosphate, which supplies 1 
moles of excess calcium per mole of P,Or (Phosphate rock is not tncalctutc 
phosphate, but the error introduced by the faulty assumption is small) The cor 
Tection (citrate insoluble P 2 Oj X 28 2) is also in terms of calcium carbonate pti 
ton of fertilizer and is given a negative sign 
The acid base balance of the ash and the corrections for nitrogen and for citrate 
insoluble PnO., usually yield a negative algebraic sum which indicates that the 
fertilizer is acid forming Only when the base forming capacity of the ash exceed 
the acid forming capacity of the nitrogen plus the correction for citrate insoluble 
P 2 0 0 can a fertilizer be base forming 
Calculations — 

Total N X 35 7 = lb CaCOa ton (minus sign) 

C I P2O5 X 28 2 = lb CaCOa ton (minus sign) 

_ N L Omblank) - Na OH (d« er m, n a iL on) x 50 _ lb CaC0 , ton (pIu! or mma. „!») 
vvt sample, g 
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FUEL GASES AND 
RELATED PRODUCTS 

By Channing W. Wilson 

Baltimore Gas and Electric Co. 
Baltimore, Md. 


INTRODUCTION AND SCOPE 

Although the practice of gas analysis has undergone extensive changes, the tech- 
niques of taking samples and handling them during analysis seem to have taken, 
because of the fugitive nature of gas, a much longer time to assume a perfected or 
“standardized” form than has been the case with solid or liquid analysis. Many 
of the old forms of equipment have been superseded in modern practice, and with 
the rapidly expanding development of reliable instrumental analysis, as used in 
mass-spectrographic, infrared, and chromatographic procedures, there are already 
signs that currently useful “standard” equipment and procedures may soon be 
displaced. Modern needs in industry hardly permit the slower methods, and 
automatic equipment is rapidly displacing the individual analyst. 

In the light of these observations, only those analytical procedures are described 
in this chapter which may be considered currently modern standard practice. They 
have achieved this status by continued use in the fuel gas industry, by recognition 
by regulator)’ bodies as reliable methods, or by formal acceptance and designation 
as standard methods by such organizations as the American Society for Testing and 
Materials and the American Standards Association. Many older, once familiar 
methods, such as Hempel, Elliott, Morehead, Shepherd-Porter, will not be found 
here. 

An efFort is made to include, as far as possible, descriptions of the methods and 
the principles on which the newer instruments operate, but detailed descriptions 
of their manipulation cannot be included because of the variety of manufacturers 
and models, as for example in the field of mass-spectrometers and gas chromato- 
graphic apparatus. Analysts using these instruments are to be referred to the 
respective operating manuals. 


SAMPLING 

Samples of gas taken for analysis, as with other materials, must be “representative” 
of the large quantity of gas to which the analysis pertains. It is sometimes more 
difficult, however, to be certain of this than with solids and liquids, and greater 
care is often required in obtaining the sample. Precautions must be taken to avoid 
loss of any components, and to prevent contamination by other materials in the 
sample lines and confining equipment. Experience is the best guide in selecting 
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and using a sampling technique appropriate to any particular situation A sum 
mar) of some general aspects of sampling gases ma), however, sene as useful guide 
posts 

Size and Type of Sample —The size of the sample must be adequate to g ne 
results of the best precision attainable with the instrument or procedure to be 
used for the analysis Sometimes however the sample size is determined bv the 
source of the sample or its method of collection Samples for mass spectrometnc 
determinations, or those of gases dissolved m solids or liquids, may be a fewnulli 
or microhters in size, while simples used in Ion temperature distillation analyses 
or for calorific \alue measurements may be many cubic feet in volume Detenmna 
Uon of trace constituents often requires a much larger sample than that to be used 
for estimating major constituents only 

Recommended sample volumes to provide for purging and for duplicate analyses 
and other tests if desired, are 1 2 


For chemical analyses 

For specific gravity with balance type instruments 

For heating value determination 

For hydrogen sulfide (Tutwiler method) 

For hydrogen sulfide (cadmium sulfate method) 
For total sulfur (or organic sulfur) 

For fractionation analysis 

For ammonia determination (manufactured gas) 
For gasoline content (natural gas) 


250-1000 cu cm 
1 cu ft 
3-5 cu ft 
250-700 cu cm 
5 cu ft 
10 cu ft 
5-1 Ocu ft 
10 cu ft 
5-10 cu ft 


A continuous cumulative or average sample is taken over a period of time if a 
time average value of the composition of a flowing stream of gas is required f 
sample approximating a continuous sample may be obtained by combining install 
taneous samples taken periodically through the time interval The latter may bt 
termed intermittent sampling 

An instantaneous, grab, or snap sample is taken over a very short period of time 
a few seconds to a minute or two, representing the composition of the gas at a 
particular time and place 

Sample Containers —The practical size of a sample container is determined of 
course, by the size of the sample to be collected but must be easily handled stored 
and transported as the situation requires General purpose containers for samples 
at atmospheric pressure are glass bulbs, closed with tivo stopcocks, having capacities 
of. 1.5JV ’a. VIA, ml. 'gusts* ’uidfir. qr/einra. mural* '•cin/nziifirf., otl ’nvarzaWs, used 
If samples are to be shipped under pressure the containers must comply vuth re- 
quirements of the Interstate Commerce Commission as to construction and milking 

Sample containers for natural gas, manufactured gas, and liquefied petroleum 
gases to be analyzed by standard methods of the American Society for Testing and 
Materials are usually prescribed in the appropriate A S T M Standards The 
variety available is illustrated in part in Fig 35 1 1 2 3 In Fig 35 2, two of many 
arrangements of equipment for collecting samples at atmospheric pressure arc 
shown 2 

i Standard Method of Sampling Natural Gas. DH45 53, AS T M Standards Part 8 
American Society for Testing and Materials Philadelphia, Pa , p 1248 1938 . 

2 Standard Method of Sampling Manufactured Gas D1247 54.ASTM Standards ran* 
American Society for Testing and Materials, Philadelphia Pa p 1261, 1958 . 

3 Standard Method of Sampling Liquefied Petroleum Gases, D1265 55. A-ST * ^ 

ards, Part 8, American Society for Testing and Materials Philadelphia Pa . p 
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Materials from which containers are fabricated must not react with any con- 
stituent of the sample. Glass, quartz, stainless steel are the least affected and 



( a ) Pressure Sampling 



Two-Valve 


Fic. 35-1. Sample Containers: (A) for Natural and Manufactured Gases; (B) for Liquefied 
Peti oleum Gases. (Reproduced uith permission from ASTM Standards, ASTM, Phila- 
delphia, 1958.) 


most widely used. Brass, copper, and steel aie often satisfactory in the absence of 
sulfur compounds. Closures must seal tightly to prevent leakage, and lubricants, 
"'hen necessan, selected with care to prevent loss of the sample or its contamina- 
tion. Packless vahes are frequently used with metal containers. 
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Sample Lines uh regard to materials for sample lines the same rules must 
appl) as for sample containers The) must not permit loss of sample constituent! 
or contaminate the sample in anv way Rubber tubing 1 $ permeable to h)dro»en 
and light hydrocarbons and swells and deteriorates in contact with either aliphatic 
or aromatic hydrocarbons Sulfur used in sulcamzmg rubber can contaminate 



FlG 3a 2 Sample Collecting apparatus Atmospheric Pressure (Reproduced mth per 
mission from ASTM Standards A5TM Philadelphia 19a8) 


samples and is detrimental when traces of sulfur compounds m the gas are to 
be determined Plastic tubing such as Tygon or polyethylene has been success- 
fully used m many cases Aluminum tubing is frequently used when acidic gases 
are absent Iron brass and steel pipe are useful 

The size of the sample tube in diameter and length should be limited to that 
required for ease of handling Before a sample is collected it must be purged of 
ail) gases present m it so that it is esacuated com- 
pletel) or filled with a portion of the gas to be col 
lected \\ hen large sample lines are to be installed 
permanentl) for continuous or periodic collection of 
samples from gisen equipment or processes it is good 
practice to purge the line continuous!) at a rate such 
that the residence time of a solume of gas m ihelmt 
is s ery small 

If conditions are such that some constituent of the 
gas is likely to condense in the line during collection 
of the sample it is frequently necessary to heat it ty 
a companion steam line electrical heating tapes or 
jackets 

For withdrawing samples of combustion products from furnaces or boilers a 
metal water cooled sample piobe is recommended (Fig 35 3) The water jacket not 
only protects the sample tube and presents its destruction but also chills the 
sample rapidly to minimize changes in composition s\hich may take place in 
process of sampling 



Fic 3o 3 Water Cooled Sam 
phng Probe (Reproduced with 
permission from ASTM Stand 
ards ASTM Philadelphia 
19;>8) 
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Containing Fluids . — Many gas samples are taken, especially those at atmospheric 
pressure, by displacing a confining liquid initially filling a sample container. Pre- 
cautions must be observed with this practice to prevent loss of constituents by 
solution in die confining liquid or contamination of the sample by the release of 
gases which had dissolved in it. 

Mercury' is a nearly ideal liquid for diis purpose. It will, however, react chemi- 
cally with gas samples containing hydrogen sulfide, mercaptans, and some other 
sulfur-bearing compounds. It cannot be used with brass or copper containers, nor 
with any container having soldered joints. It is often, however, not easy to handle 
because of its weight, and in addition its cost can limit the desirability’ of using 
large quantities. 

Water is a more common confining liquid. Many gases, however, will dissolve 
in it to a greater or lesser extent, as illustrated by a few common examples in 
Table 35-1. Losses of constituents can be minimized by saturating the water, prior 

Table 35-1. Solubility of Some Common Gases in Water 


Gas 

Solubility 

Nitrogen 

0.0140 

Oxy'gen 

0.0277 

Hydrogen 

0.0172 

Carbcn monoxide 

0.0209 

Carbon dioxide 

0.739 

Hydrogen sulfide 

2.225 

Methane 

0.0294 

Ethane 

0.0415 

Ethylene 

0.1064 

Acetylene 

0.811 


Solubility is expressed as number of ml. of gas, measured at 25°C., 760 mm., dissolved in 
1 ml. of water at equilibrium at 25°C. and a total pressure (gas and water vapor) of 760 
mm. Solubilities calculated from Henry’s constants given in International Critical 
Tables, Vol. Ill, McGraw-Hill, N. Y., 1928. 

to its use for collecting a sample, with the gas to be sampled. Equilibration can 
be facilitated by bubbling the gas through the water. Reduction of such losses 
can be furdier aided by using nearly saturated solutions of sodium chloride or 
magnesium chloride slightly acidified with hydrochloric acid. 

The need for confining fluids can sometimes be avoided by using containers 
initially evacuated, or by purging a dry' container by passing the gas to be sampled 
through it for sufficient time. Adequate purging should be attained with a volume 
of gas not less than ten times the volume of the container. 

Metering Samples .— In many procedures requiring continuous sampling and anal- 
ysis, and especially the use of automatic analytical instruments, the rate at which 
the sample is supplied, as well as its total volume, is metered. This frequently 
occurs with analysis of process gas streams in die petroleum and fuel gas industries, 
or of flue, boiler, and furnace gases. 

Because oE possible losses of soluble constituents, especially in those cases where 
trace quantities are to be determined, the location of the wet-test meters between 
sample source and analytical apparatus is to be avoided; calibrated capillary or 
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onfiCL flow meters and rotameters are superior in this respect Their toluranw 
iccuracv hi thin ±1% with careful calibration is usually sufficient Dry 
(IispI Kimcnt meters may sometimes be used if the sample sire falls mthin j], tJ 
un„t ol utility 

Stand ird methods to be used m the measurement of gaseous fuel samples i e 
described in ASTM Designation D1071 o5 4 Thev are applicable to die me«utt 
ment of gaseous fuel samples including liquefied petroleum gases in the gaseou 
st ite at norm d temperatures and pressures The \anety of equipment included 
is listed in I able 3a 2 Conditions accompanying the calibration and use of lht 
dilfertnt forms of measuring apparitus are included m the methods given 

Table 35 2 Apparatus for Measuring Gaseous Fuel Samples 
(ASTM D1071 55) 

Containers 

Cubic foot bottle immersion type or moving tank type 
Portable cubic foot standard (Stillman type) 

I factional cubic foot bottle 

Burets flasks etc for chemical and physical analysis 
Cahbtaied gasometers (gas meter provers) 

Gas me ers displacement type 

Liquid sealed rotating drum meters 

Diaphragm or bellows type meters equipped with observation index 
Rotarv displacement meters 
Gas meters late of flow type 

Poiou plug and capillary flowmeters 

float (variable area constant head) flowmeters 

Orifice flow nozzle and venturi type flowmeters 

( oUrchon Procedures —The analyst is referred to ASTM Standard Metlodilot 
a detailed description of specified methods for sampling manufactured mural 
or liquefied petroleum gases The following digest of the salient requirements, 
in addition to those previously described will be useful in those situation! of 
gcnenl practice not necessarily requiring strict compliance with specifications. 

Ptocedures tor liking simples at atmospheric pressure follow the principles ptf 
\iously outlined with preciutions agunst the loss of carbon dioxide h)ilrO} 1 ni 
sulfide Hid the other constituents soluble in the usual aqueous confinni 0 fluids 
Simphng mturil gas under pressure requires due caution in handling ptfsvuro 
which may be as high as 1200 psi tti transmission hues or up to 10000 psi an 
some gas wells Illustrations of apparatus for collecting gis samples under pro- 
suit ire found in Fig 3a 1(A) 

In ltquefud petroleum gases the major components are propane and butMW 
Jf one of these predominates the other plus smaller quantities of higher or to fr 
hydrocarbons usu illy accompanies it The source may be naturil gnol f 
set ubbed from natural gas or byproduct gases of the petroleum refimig ’j 1 ' 
processing industry The litter may contain small amounts of umaturated hy rc *" 
c irbotis such js propylene or butylenes 

* Standard Method for Measurement of Caserns Fuel Samples D107I 5 j 
aid lari 8 \nteriein Socictv fen Testing and Materials I hiladelphia la P 
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If the sample for analysis is taken from a quantity existing already in the gas- 
eous state, at atmospheric pressure for example, and remains a gas in its container 
until analyzed, the sampling principles already described will apply. However, 
liquefied petroleum gases, as the name implies, are readily condensed to liquid 
under pressure, and are most often available in this state, so that liquid samples 
must be collected. The vapors above such a liquid mixture do not have the same 
composition as that of the liquid. Moreover, a gaseous sample taken from a nearly 
full container of liquefied petroleum gas will differ from one taken after it is 
nearly emptied. 

Metal sample containers designed to withstand pressure, and to contain liquid 
samples, as recommended by ASTM, are illustrated in Fig. 35-1 (B). 

The ASTM Standard Method for Sampling Liquefied Petroleum Gases (D1 265-55) 
further states that considerable effort may be required to obtain a representative 
sample, especially if the material being sampled is a mixture of liquefied petroleum 
gases. The following factors must be considered: 

Obtain samples of the liquid phase only. 

When it is definitely known that the material being sampled is composed pre- 
dominantly of only one liquefied petroleum gas, a liquid sample may be taken 
from any part of the vessel. 

When the material being sampled has been agitated until uniformity is assured, 
a liquid sample may be taken from any part of the vessel. 

Because of wide variation in the construction details of containers for liquefied 
petroleum gases, it is difficult to specify a uniform method for obtaining represent- 
ative samples of heterogeneous mixtures. 

Directions for sampling cannot be made explicit enough to cover all cases. They 
must be supplemented by judgment, skill, and sampling experience. Extreme 
care and good judgment are necessary' to insure samples which represent the gen- 
eral character and average condition of tire material. 

Keep samples in a cool location until all tests have been completed. Discard 
any samples in containers which develop leaks. Protect the valves on the sample 
container, either by packing the container in a crate in an approved manner or 
by using a protective cap, so that accidental unseating of the valve or tampering 
with it is avoided. 

DETERMINATION OF MAJOR CONSTITUENTS 

The major constituents of a fuel gas are often considered those that are present 
in a mixture in concentrations greater than some small value, say 0.5% by volume. 
These have in the past been determined by basic chemical absorption methods of 
analysis, and were necessarily then limited to carbon dioxide, oxygen, unsaturated 
hydrocarbons (as a group), carbon monoxide, hydrogen, nitrogen, methane, and 
ethane. With the development of more sensitive and sophisticated methods of 
analysis in recent years, individual hydrocarbon species are routinely determined. 
Selection of an analytical method depends on tire chemical nature of the mixture 
to be analyzed, the purpose for which the information is desired, and to a large 
extent on the value of the data in relation to the substantial cost of modern 
analytical instruments. 
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CONSTANT PRESSURE VOLUMETRIC ANALYSIS 
The techniques and apparatus for chemical absorption analysis remain a basic 
procedure for a great many routine industrial gas analyses The method is simni 
in concept, and the apparatus is inexpensive and easily manipulated Much ui u 
able information about gas composition, manufacturing, and utilization processes 
can be gamed by its use Modern analytical instruments such as the mass spec 
trometer, chromatographic and low temperature fractionation equipment, produce 
much more detailed analyses sometimes in a shorter time, and with less effort on 
the part of the operator However, this is achieved only with a considerable m 
test men t in the apparatus, and with greater maintenance demands because of its 
complexity 

In constant pressure volumetric analysis the sample of gas is first subjected sue 
cessitely to a series of chemical reagents, each of which removes a single constit 
uent from the sample The decrease in volume of the sample, during treatment 
with each reagent, represents the volume of constituent removed in that step all 
volume measurements being made at a constant (approximately atmospheric) pres- 
sure Hydrogen, carbon monoxide, and lower paraffin hydrocarbons in fuel gases 
are determined by combustion procedures with equipment incorporated in the 
analytical apparatus The composition of the original sample is then expressed 
in volume per cent of each constituent present 

ABSORBENT REAGENTS 

Typical absorbent reagents to be used in the successive steps of the absorption 
analysis, as adapted from Altieri, 5 are described below The concentrations sug 
gested represent good practice and will give reliable results, although they need 
not be rigidly adhered to Concentrations for solutions found in ASTM Stand 
ard Method D11S6 58® are shgluly different, but this only indicates the flexibility 
of composition found in many references 

Absorbents for Carbon Dioxide .— Carbon dioxide is rapidly absorbed in a strong 
solution of either sodium or potassium hydroxide Sodium hydroxide has a 
greater chemical action on glass and more quickly forms a bicarbonate precipitate 
which tends to clog the capillaries of the pipets, potassium hydroxide solution is 
therefore preferable If the gas mixture contains hydrogen sulfide, sulfur dioxide 
and other acid gases, they will be absorbed in the caustic solution and determined 
as carbon dioxide 

Potassium Hydroxide —Dissolve. SAQ % at A_C.S yade potassium hydroxide 
sticks or pellets m 1000 ml of distilled water Add the hydroxide slowly and stir 
until completely dissolved Do not shake in a stoppered flask or bottle to effect 
solution, and avoid contact with skin or clothing Preserve the solution in a rub- 
ber stoppered bottle and allow any solid material to settle before using (Sodium 
hydroxide is prepared by dissolving 200 g of sodium hydroxide in 1000 ml O' 
distilled water, as with potassium hydroxide) 

Absorbents for Unsaturated Hydrocarbons -—Unsaturated hydrocarbons, or tbh 
group sometimes termed ' illuminants,” are usually absorbed by fuming sulfuric 
s Altieri, V. J , Cas Analysis and Testing of Gaseous Materials, American Gas Association 

N Y ■ I«5 , Mpthfilf 

6 Standard Method for Analysis of Natural Gases by the Volumetric Chemical 
DII36 53 ASTM Standards, Part 8, American Society for Testing and Materials 
delphia. Pa, p 1218, 1958 
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acid or bromine water. In manufactured or coke oven gases, the illuminants 
fraction contains ethylene, propylene, butylene, benzene, toluene, and acetylene, 
with perhaps ethylene and benzene predominating. All of these are removed by 
fuming sulfuric acid. Long contact with this reagent will cause a significant ab- 
sorption of the higher paraffins, if present, especially if the fuming sulfuric acid is 
fresh and the partial pressure of the higher paraffins is high. Bromine water ab- 
sorbs ethylene and its homologues satisfactorily, but it is not entirely satsifactory 
for absorbing benzene. Since die reagents are volatile, die gas sample must be 
treated with caustic solution to remove die sulfur trioxide or bromine fumes be- 
fore measuring the residual volume. 

Fuming Sulfuric Acid.— Sulfuric acid containing, when fresh, 15% free S0 3 is 
recommended. 

Bromine Water.— Add bromine to water until an excess of liquid bromine re- 
mains in the bottom of die bottle or pipet. A small amount of potassium bromide 
(about 5% by weight) may be added to die water in order to make the bromine 
more soluble. Care should be taken to avoid contact of bromine widi die skin 
or clothing. 

Absorbents for Oxygen .— Alkaline pyrogallol is most frequently used for absorp- 
tion of oxygen, aldiough chromous chloride is sometimes recommended. 

Alkaline Pyrogallol.— Add to each 100 ml. of KOH solution described above, 17 
g. of reagent grade pyrogallol crystals. Protect the resulting soludon from air in 
a glass-stoppered reagent bottle, and place in a refrigerator to keep cool until the 
crystals are dissolved. This solution will generate no significant amount of CO 
in use. 

Chromous Chloride. 5 — Stable solutions are best made by reducing the salt in a 
Jones, or amalgamated zinc, reductor. To prepare die reductor, 5 g. of mercury 
are dissolved in dilute nitric acid (1:1), the solution diluted to 250 ml., and trans- 
ferred to a 1-liter flask. About 500 g. of 20-mesh granular zinc are put into die 
flask and shaken for several minutes. After standing for 10 to 15 min., the zinc is 
washed with water by decantation. A layer of glass beads is placed in the reductor 
tube, the beads covered with glass wool, and a diin layer of asbestos is spread 
upon die glass wool. The amalgam, which is always kept covered with water, is 
poured in upon the asbestos mat, washed once widi a 5% solution of sulfuric acid, 
and then with water until free from acid. A solution of 75 g. of chromic chloride 
in 190 ml. of water, acidified widi 10 ml. of hydrochloric acid, is added to the 
reductor until the water at the bottom of the reductor becomes colored. The bot- 
tom of the reductor is attached, by means of a rubber stopper carrying a small 
Bunsen valve, to die rear diamber of a pipet filled with a gas free from oxygen, 
and the remainder of the solution is allowed to flow drop by drop through the 
reductor into die pipet until sufficient has collected to fill it to the proper level. 
The pipet is immediately connected to the apparatus, and the solution kept care- 
fully protected from die air. This solution will give off no hydrogen and will ab- 
sorb all the oxygen in from two to four passes dirough a bubbling pipet. 

Absorbents for Carbon Monoxide .— Carbon monoxide is usually absorbed by 
either acid cuprous chloride solution, or cuprous sulfate-beta-naphdiol solution. 
For satisfactory results it is necessary to use two pipets, one to absorb most of die 
carbon monoxide and the other to take out die last significant traces. When two 
pipets are used in series, die filling and order of use may be alternated; that is, 
the last one filled becomes die one used for removing the last traces. 
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Acid Cuprous Chloride s -Dissolve 450 g of c p cuprous chloride m 2o00ml tf tp 
hydrochloric acid sp gr 1 18 Some laboratories use a weaker solution compost 
of 75 g of cuprous chloride in 600 ml of concentrated hydrochloric acid and then 
diluted with water to make 1000 ml The latter preparation gives off less hydto- 
chloric acid vapor than the more concentrated acid solution Oxygen js rapidh 
absorbed by acid cuprous chloride solution and the cuprous chloride is oxidized 
to an appreciable extent during the preparation The solution may be a greenish 
black color immediately after preparation or on standing and must be reduced 
until it assumes a clear stmw yellow color Add strips of sheet copper copptt 
turnings sure or gauze to the storage bottle The solution is ready for use when 
it becomes a light straw color 

Cuprous Sulfate Beta Naphthol Solution —This absorbs carbon monoxide qmn 
titans ely but not as rapidly as fresh acid cuprous chloride With simples con 
taming small amounts of carbon monoxide as flue gas it is a very satisfactory 
reagent but for samples containing large amounts of carbon monoxide two pipets 
in series are recommended one containing acid cuprous chloride for absorbing 
the major portion of the carbon monoxide and the other cuprous sulfate ben 
naphthol for absorbing the final traces In the latter solution cuprous sulfate 
reacts with carbon monoxide to form Cu->S0 4 2CO This is a stable compound 
and the solution does not give up carbon monoxide as does cuprous chloride 
While the mixture will absorb about 18 ml of carbon monoxide per ml of 
solution the action is very slow after it has become half saturated although 
it is complete if sufficient contact is given The reagent also absorbs ethylene 
and its homologues and a little oxygen but does not absorb methane and other 
saturated hydrocarbons hydrogen and nitTogen It is most satisfactorily obtained 
already made from supply houses sometimes under proprietary names such as 
Cosorbent 7 

APPARATUS AND PROCEDURE 

Modern equipment for volumetric gas analysis has been developed from the 
Orsat apparatus in which a series of pipets is semipermanently connected with a 
measuring buret through a capillary manifold Most laboratory and technical 
supply houses introduce their own variations of construction and complement o( 
pipets Their operation or manipulation however usually conforms with the 
same fixed pattern In portable forms the confining fluid is usually water uie 
nunitjer oi pipets is frequently ‘limited to fhree or 'tour combustion 
ally though not always omitted pressure and temperature compensators are noi 
used Laboratory forms are more versatile and are required for complete luel gas 
analysis Mercury rather than water is used as the confining fluid Combust ble 
constituents other than carbon monoxide can be determined and sometimes spe 
cial reagents applicable to particular or unusual needs are employed 

AhALYSIS WITH PORTABLE ORSAT APPARATUS 

The portable Orsat apparatus enclosed in a wooden carrying case is adapted 
for flue gas or furnace gas analysis It uses a shortened buret as it is uni 1 
that the sum of carbon dioxide oxygen and carbon monoxide in the sample * 

i Cosorbent is a registered trade mark for this reagent as supplied by Bunrctt Cuip®* 
tion 2223 Fifth Avenue Pittsburgh 19 Pa 
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exceed 50 ml. The pipets are filled, in order starting from that nearest the buret, 
with alkali, pyrogallol, and cuprous chloride solutions. 

After filling the pipets with the appropriate solutions, and before making an 
analysis, bring all solution levels to the engraved index marks on the pipet capil- 
lary tubes by withdrawing die air from above the solutions, successively into the 
buret, by lowering the leveling bottle. 

Open the buret stopcock to the atmosphere, ancl raise the leveling bottle until 
the buret is filled with water. After connecting the sample bottle to the inlet 
capillary tube, draw a portion of the gas sample into the buret. Close the buret 
stopcock. By holding the leveling bottle near the buret, adjust the water levels 
to the same height (atmospheric pressure) and read the volume of gas in the buret. 

Open tile buret stopcock to the manifold, and the stopcock of the alkali pipet. 
By raising and lowering the leveling bottle, pass the gas into the pipet from the 
buret and back again. Carbon dioxide should be removed from the sample in 
from three to five passes into the alkali solution. Return the residual sample to the 
buret, carefully drawing the solution in the pipet exactly to the engraved index 
mark on the capillary neck. Close the pipet stopcock. Again adjust the water 
let els in the buret and leveling bottle and read the remaining volume of gas. 
Make additional passes into the KOH until there is no further reduction in vol- 
ume. If the initial volume of sample taken into the buret is V 1( and the volume 
after removing CO a is V 2 , then 

V ] — V 2 

per cent CO_> =100 — — 

Vi 

By skillful manipulation the initial volume, V 4 , can easily be made exactly 100 
ml., thereby simplifying the calculations. 

In a similar manner, oxygen in the sample is removed by successive passes 
through the pyrogallol solution in the second pipet. Measurement of the residual 
volume, V ;) , after its complete removal gives 

Vo - V 3 

per cent 0 2 = 100 — : 

Vi 

Remote carbon monoxide by successive passes through the cuprous chloride solu- 
tion. After each series of passes (say five or more), and before measuring the resid- 
ual volume, pass the gas into the KOH pipet to remove hydrochloric acid vapors 
evolved from the acid cuprous chloride. Then the volume after removing CO is 
V 4 , and 


per cent CO = 100 


Vs ~ Vi 
V, 


The gas analysis is usually completed with this step, although hydrogen, traces 
of hydrocarbons, and sometimes the CO as well may be determined by combustion 
procedures similar to those described in the following sections. 


COMPLETE ANALYSIS WITH LABORATORY APPARATUS 
Gas analysis equipment' located more or less permanently in a laboratory is 
adapted to more general, and more precise analyses. Figure 35-4 illustrates labora- 
toiy appatatus of this kincL In this equipment precision is increased by using 
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mercury as a confining fluid, and by providing compensation for possible changes 
in ambient laboratory temperature and barometric pressure during an analysis. 

Apparatus .— Although apparatus from different manufacturers differ in details, 
they all consist of a series of pipets connected dirough a capillar)' tube manifold 
to a buret. The buret is enclosed in a water jacket and provided with a device 
to compensate for changes in temperature and barometric pressure which may 
occur during the period of an analysis. A slow-combustion pipet, with leveling 
bulb, filled with mercury is included, and in most forms there is a fractional com- 
bustion tube containing copper oxide. The latter is equipped with a heater to 
maintain its temperature at the desired level. In many models provision is made 
for several supplementary pipets to contain additional or special absorption re- 
agents. 

Analytical procedures also differ in details, depending on the nature of the gas 
to be analyzed. Natural gases, containing no hydrogen or carbon monoxide, may 
be analyzed according to ASTM Standard Method D1 136-53,® from which the 
following is adapted. Six pipets are called for, arranged in the following se- 
quence: 

1. Simple bubbling or contact pipet containing KOH. 

2. Simple bubbling pipet containing fuming sulfuric acid. 

3. Distributing-tip bubbling pipet 9 containing alkaline pyrogallol. 

4. Slow combustion pipet with platinum wire spiral. 

5. Duplicate of (1). 

6. Duplicate of (3). 

Preparation of Apparatus .— Test the assembled apparatus for leaks by applying 
approximately 15 cm. (6 in.) mercury gage positive, then negative pressure, and 
measuring any change in volume that may occur as one after another the sections 
of the apparatus are opened to the buret at 5- or 10-minute intervals. 

Equilibrate the reagents with respect to the sample to be analyzed. For usual 
work, equilibrate by making six passes into each reagent, using the gas that is to 
go into each reagent during the actual analysis. 

Wet the buret wall with a film of water by taking several milliliters of water 
into the buret and slowly expelling it. 

Flush the manifold, pipet inlets, and arm of manometer connected to the mani- 
fold with nitrogen, and balance to the reference (compensator) pressure. 

Absorption Analysis — Transfer about 95 to 100 ml. of the sample to the buret 
without contamination, allow 3 minutes to saturate the sample with respect to 
water if it is dry, and then adjust the pressure until the manometer indicates the 

s Standard Method of Analysis of Natural Gases by the Volumetric-Chemical Method. 
Ill 136-53. a.S.T.M. Standards. Part S, American Society for Testing and Materials, Phila- 
delphia. Pa., p. 1218, 195S. 

9 Shepherd, M., N'.B.S. Journal of Research, 6, 121, 1931, R.P. 266. 
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Stopcocks; l. Electric Eumace for Copper Oxide Tube; m, Mercurv Bath; n, n', n", and 
n'". Cocks; o. o’, and o", Reagent Marks; o'", Mercurv Mark; p, Pipet to Remove CO-,; 
q. I’ipct to Remove Illuminants: r, Pipet to Remove' O^; s. Ends of Platinum Coil: 1. 
Pipet to Determine CH 4 and C,H 0 : u. Switch: v, v’, v". and v'". Supports for Pipets. 
(Reproduced with permission from A. C. Fieldner, G. IV. Jones, and IV. F. Holbrook. 
The Bureau of Mines Orsat Apparatus for Gas Analysis, U. S. Bureau of Mines Tech- 
nical Paper, 320.) 
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sample is at the reference (compensator) pressure Measure this volume \ i ot j. 
nearest 0 02 ml 1 * 

Carbon Dioxide or Acid Gases —Displace the gas in the arm of the manometfr 
connected to the distributor (manifold) into the buret and then transfer the ua 
pie to the KOH pipet 1 Return the gas to the buret and pass tw ice moreiro 
the kOH solution then allow to stand 3 minutes in the buret balance the manoa- 
eter and measure the \olume V„ to the nearest 0 02 ml 
Unsaturated Hydrocarbons —Displace the gas from the manometer ana and 
mice in and out of pipet 2 once into pipet 1 then once again into pipet 2 and 
mice into pipet l Finally measure the \olume of V 3 of the gas after letunsn 
stand 3 minutes m the buret 

Oxygen —Displace the gas from the manometer dim and pass truce into pipet 3 
once each into pipets I and 2 and finally twice more into pipet 3 Measure Le 
residua) volume V 4 

This completes the absorption steps With natural gas the succeeding combus- 
tion steps are performed with a second portion of the sample For manufactured 
gas proceed to the fractional combustion of hydrogen and carbon monondede 
scribed later 

Combustion Analysis —Prepare nitrogen for use as a transfer gas by absorption 
of oxygen from uncontaminated air in pipet 6 Flush the distributor nuh t'u 
nitrogen and balance to reference pressure then measure about 40 ml of tie 
nitrogen V s and transfer it for storage over the KOH solution in pipet a (Pipets 
d and 6 are supplemental pipets ) 

Measure about 95 ml of approximately pure and carefully analyzed oxvgen \ t 
and transfer to the slow combustion pipet Let V represent the volume of tV 
inert impurities in this oxygen 

Measure a fresh sample \ 6 of gas for combustion analysis (about 3a ml or 
less than 35 ml when the proportion of heavier hydrocarbons is great) If tf 
absorption analysis shows more than 0 2% unsaturated hydrocarbons pass t> s 
sample through fuming sulfuric acid before the combustion analysis Adjust the 
pressure m the buret and slow combustion pipet to atmospheric with the platinum 
wire glowing dull red then open the combustion pipet to the buret and slmh 
piss the sample over the hot platinum spiral Allow fully 15 minutes for th 
first passage of simple into the combustion zone When the sample has all left the 
buret displace the gas from the manometer arm connected to the distributor ai a 
pass this into the combustion pipet Then return the gas from the combust 
pipet to the buret until the mercury is just under the platinum spiral tain" 
about 5 minutes for this and reverse the flow to return the gas to the combuton 
pipet Three more complete passes to and from the buret should complete the 
combustion On the last pass allow the gas in the combustion pipet to coo! be 
fore returning to the buret Measure the residue V 0 
Removal of CO, Produced —Displace the gas from the manometer and p 3 - 5 
three times from the buret into the KOH solution in pipet 5 once into the <° n 
bustion pipet and once more into pipet 5 Measure the residue V, # 

Removal of Excess Oxygen —Displace the gas from the manometeT and p 15 | 
four times into pipet 6 once into pipet 5 once into the combustion pipet ,n 
once again into pipet 6 Measure the residue, V n 

Calculations —From the results of the absorption analysis calculate the pertf^ 
ages of carbon dioxide unsitunted hydrocarbons and oxygen present tn the®* 
inal sample, as follows 
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Vi- V, 


carbon dioxide (or acid gas), per cent = 
unsaturated hydrocarbons, per cent = 


Vi 
V 2 — V 3 


X 100, 
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V 3 — V 4 

oxygen, per cent = — — X 100, 

Vi 

where Vi = volume of sample taken for absorption analysis, 

V, = volume of sample after removal of CO 2 (acid gases), 

V 3 = volume of sample after removal of unsaturated hydrocarbons, and 
V 4 = volume of residual gas after removal of oxygen. 

Calculate the results of the combustion analysis as follows: 


TC = V 6 + V 8 — V 9 , 

V 12 = (Vj - V 2 ) 

V 1 

v,3 = (V, - V 4 ) 

V 1 

COo = Vs + V9 — V 10 — V12, 

Oo = V 6 - V- + V I3 - (V10 - Vu), 

N 2 = V u - V 5 - V 7 , 

CH 4 , per cent = i[7(TC + C0 2 ) - 9C> 2 ] and 


C 2 H 8 , per cent = ^[60 2 — 4(TC + 


C0 2 )1 


100 


where TC = 
CO- = 

o 2 = 

Vi and V 2 = 
V 6 = 
V 6 = 

v 7 = 

V 8 = 

Vo = 

V 10 = 

V„ = 
V10 = 

v I3 = 


total contraction of sample upon combustion, 
carbon dioxide produced by combustion of the sample, 
oxygen consumed, 

values defined under Absorption Analysis, 
volume of nitrogen taken as a transfer gas, 

volume of oxygen taken for combustion (the actural volume of pure 
oxygen being V 9 corrected), 

volume of inert impurities in the oxygen taken for combustion, 

volume of sample taken for combustion, 

volume of residual gas after combustion of sample, 

volume of residue after removal of C0 2 produced by combustion, plus 

the transfer nitrogen, 

volume of residue after removal of excess 0 2 , plus the transfer nitrogen, 
volume of C0 2 originally present in the sample, and 
volume of 0 2 originally present in the sample. 


In the analysis of manufactured gases containing substantial proportions of hy- 
drogen and carbon monoxide and correspondingly smaller amounts of hydrocar- 
bons, fractional combustion over hot copper oxide may be used. Absorption anal- 
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ysis is performed in accordance with the preceding procedure, and the residual 
volume V 4 remains after absorption of oxygen 
Fractional Combustion so “ 12 —‘ The temperature of the fractional combust® 
tube, which has been flushed with nitrogen, is adjusted to 290 to 310°C ° 

Pass the sample slowly through the heated copper oxide tube by transfer from 
the buret to the slow combustion pipet and return During the transfer maintain 
substantially atmospheric pressure by judicious adjustment of the mercury tads 
in the buret and pipet After returning the sample to the buret measure its to! 
ume, adjusting to reference (compensator) pressure Contraction occurs when H 
is converted to water, and C0 2 is formed from the CO present Pass the sample 
into the kOH pipet to absorb the CO, Measure the residual volume Pass the 
sample again through the copper oxide, measure the contraction and the CO 
formed as indicated by absorption in KOH Repeat until contraction and CO 
formation are each less thin 0 05 ml Record remaining volume, V,* 

If V ]0 is the sum of the measured contractions after each pass, and V,j is the 
total COn formed by combustion, then 


per cent H 2 

=* 100 | 

fV«>> 

IVr/ 

per cent CO 

= 100| 

fVu> 


The residual volume, V 12 , containing only hydrocarbons and nitrogen ts then 
burned by slow combustion with oxygen over the heated platinum wire as it 
scribed in the preceding procedure Calculate hydrocarbons as methane and 
ethane after the slow combustion as follows 


volume of Cj-He = §(2CO> — contraction) 
volume of CH, = C0 2 - 2C,H 6 

Multiplying the volumes of hydrocarbons found by the ratio representing the 
portion of V I2 taken for combustion to obtain per cent by volume ol each coo 
stituent in the original sample we can make the following calculations 


per 


cent CNHb =100 


Vj 2 Volume of CjHe 

V7a Vi * 


per cent CH« = 100 


V 12 Volume of CHj 
V„ V, 


where V, 3 is that portion of V l2 actually burned 

The nitrogen content of the original sample may be determined by difference 
if the excess oxvgen taken for combustion is not absorbed 


per cent N 2 = 100 — (% C0 2 + % Oj + % “IUuminants” 

+ H, + %CO + % paraffin hydrocarM) 

10 Altieri, V J , Gas Analysis and Testing of Gaseous Materials American Cas A#® 3 
tion.N Y, 1915 lM 

u Fieldner, A C. Jones G AV, and Holbrook, W F Technical Paper No 3-U 
Bureau of Mines 1925 . , 

1 " Methods of the Chemists of the U S Steel Corporation for the Sampling ana a j 
of Gases Carnegie Steel Company Pittsburgh Pa , 1927 
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CORRECTIONS FOR DEVIATION FROM IDEAL GAS LAW 
In the preceding calculations it is assumed that all component gases involved 
behave like an ideal gas, with a molecular volume o£ 22.412 1. at 0°C. and 760 mm. 
Hg pressuie. For ordinary fuel gas analyses this assumption is sufficiently valid. 
However, more precise results may be desired, necessitating corrections for devia- 
tions from ideal gas behavior. 

According to Altieri, significant deviations can occur only when carbon dioxide, 
methane, ethane, and the higher paraffin hydrocarbons found in natural gas are 
present. He states that “. . . in order to avoid the use of corrected equations in 
calculating percentages from combustion data the quantity of sample taken should 
be such that the carbon dioxide does not exceed BO per cent of the total gas meas- 
ured after combustion. This rule is applicable to most manufactured fuel gases, 
since the respective partial pressures of the constituents determined by combustion 
ate usually sufficiently low to permit keeping the carbon dioxide below 30 per cent 
paitial pressure, and yet employ enough sample to avoid large manipulation errors. 
Burrell 13 however, states that for the precise analysis of mixtures in which the 
cai bon gases constitute almost the whole of the sample (as natural gas) it is better 
to use the slow-combustion method, thereby using a large volume of sample, and 
apply corrections for deviation from gas laws. Also, when necessary, these correc- 
tions should be used in slow-combustion analysis of prepared combustible gases 
that are being examined for purity.” 14 

Table 35-3. Relative Molecular Volumes (Perfect Gas = 1) 


Pressure 
mm. Hg 

Relative Molecular Volume 

C0 2 

C'<H; 

100 

0.999 

0.999 

200 

0.999 

0.997 

300 

0.998 

0.996 

400 

0.997 

0.995 

500 

0.997 

0.994 

600 

0.996 

0.992 

700 

0.995 

0.991 

760 

0.995 

0.990 


For reference, Table 35-3 gives useful data on the deviation from ideal behavior 
of carbon dioxide and ethane. It seems likely that these are the only two con- 
stituents likely to require the use of the deviation corrections. Burrell and Seibert 13 
may be referred to if more detailed procedure is desired. 

REPRODUCIBILITY OF VOLUMETRIC ANALYSES 

Shepherd, 15 in cooperation with the American Society for Testing and Materials 
and about fifty analytical laboratories, made extensive studies of the precision of 
this type of gas analysis. Gas mixtures were synthesized, by mixing individual 

is Burrell, G. A., and Seibert, F. M„ Technical Paper No. 54, U. S. Bureau of Mines, 1913. 

14 Altieri, V. J., Gas Analysis and Testing of Gaseous Materials, Ameiican Gas Associa- 
tion, N. Y., p. 146, ref. 1, 1945. 

is Shcphcid, M., N.B.S. Journal of Research, 36, 313, 1946, R.P. 1704; 38, 19, 1947, R.p. 
1759. 
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components, to represent two types of fuel gas frequently analyzed One had 
composition similar to that of a carburetted water gas, the other was composed o! 
hydrocarbons and simulated a natural gas Examination of the data from man* 
anal)$es of these two samples permits an estimate to be made of the accuracy and 
reproducibility of determination of some components The following conclusions 
(from ASTM Standard Method D1136 53) refer specifically to the component,, 
m natural gas but should be applicable to the manufactured gas as well 

Since it is not possible to determine more than two saturated hydrocarbons bv 
this method and the errors caused by the presence of other hydrocarbons depend 
upon their identity and amounts, no statement can be made concerning die actual 
accuracy of the method with respect to the hydrocarbons Any C 3 H g would be 
calculated as 2C>H 0 — CH 4 C 4 H 10 would be calculated as 3C 2 H 6 -2CH 4 and 
so on 10 

The accuracy of determination of other components and the precision of all are 
shown in the following table 


Reproducibility 




Different 

Ont 


Ftobablc 

Laboratories 

laboratory 

Gas 

Accuracy 

and Apparatus 

and Apparatus 

Carbon dioxide, per cent 

0 05 

0 04 

002 

Oxygen, per cent 

Unsaturated hydrocarbons as 

0 1 to 0 2 

01 

003 

a group, per cent 



001 

Nitrogen, per cent 

06 

06 

01 

Methane, per cent 


1 0 

02 

Ethane, per cent 


1 0 

02 


For the carburetted water gas sample, 15 concentrations of H g , CO, and unsaturato 
(as a group) found by analysis appear to have a precision approximately theumt 
order as values indicated for other components 

LOW TEMPERATURE FRACTIONAL DISTILLATION ANTLISIS 
The analysis of light hydrocarbon gases by low temperature distillation prow 
dures may be performed with, a high, degree of reliability and precision when 
modern apparatus and techniques are employed The method imohes the separa 
tion and identification of the constituents of a mixture according to their boiling 
points, and quantitative measurement of their concentration by the pressure built 
up by each fraction collected in evacuated and calibrated reservoirs The method 
finds ns principal use in the analysis of natural gases, liquefied petroleum g 3 * 
petroleum refinery and chemical manufacturing process streams 
Summaries of early work and related procedures are to be found in Alneri 
and Denny and Luxon 18 The development of distillation procedures appeal w 

io Standard Method of Analysis of Natural Gases by the Volumetric Chemical 
DI136 53 ASTM Standards, Part 8 American Society for Testing and Materials r 
delphia, Pa , p 1218, 1958 . 

i< Alticn, V. J , Gas Analysts and Testing of Gaseous Materials, Chap XV', Atne 
Gas Association, N Y , 1915 * a «! 

is Denny, L C, and Luxon, L L (ed) Handbook of Butane Propane Gas<* 3r 
Jenkins Publications Los Angeles, 1951 
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Table 35-4. Boiling Points of Fuel Gas Components 
(At atmospheric pressure) 

Boiling point 



°F. 

°C. 

Noncondensible gases 

Hydrogen 

-423 

-252.8 

Nitrogen 

-320 

-195.8 

Carbon monoxide 

-310 

-190 

Oxygen 

-297 

-183 

Hydrocarbons 

Methane 

-259 

-161.4 

Ethylene * 

-155 

-104 

Ethane 

-128 

-89 

Propylene 

-53.7 

-47.6 

Propane 

-44 

-42.2 

Isobutane 

10 

-12.2 

Isobutylene * 

20.1 

-6.6 

Butylene- 1 * 

21.0 

-6.1 

Butadiene-1, 3 f 

23.5 

-4.7 

n-butane 

31.1 

-0.5 

Butylenes-2 * 

34 to 38 

+ 1.1 to 3.' 

Butadiene-1, 2 f 

50.5 

10.3 

Pentanes and heavier 

82.+ 

28.+ 


* In L-P gases from thermally cracked petroleum and in illuminants fraction of manw 
factured gases. 

f Ordinarily not occurring in L-P gases. 


begin with Travers, 18 and continues with contributions by Burrell, Seibert, and 
Robertson,- 0 and by Shepherd and Porter. 21 The procedures reach their modern 
refined state with the extensive work of Podbielniak 22 and others. 23 Tedious and 
difficult separations requiring much time and considerable skill and patience have 
given way to the use of almost completely automatic equipment. However, this 
was only possible after the development of highly efficient distillation columns 
using controlled reflux and the silvered vacuum jacket for reducing heat leakage 
from the column. 22 


18 T raters. M. \V„ The Experimental Study of Gases, Macmillan, N. Y., 1901. 

5“ Burrell. G. A., Seibert, F. M., and Robertson, I. \V„ Ind. Eng. Chem., 7, 669, 1915; 
It. S. Bur. Mines Tech. Paper No. 104, 1951. 
si Shepherd, M„ and Porter, F„ Ind. Eng. Chem., 15, 1143, 1923. 

-- Podbielniak, W. }., Oil and Gas J„ 27, No. 35, p. 38, 1929; Ind. Eng. Chem., Anal. Ed., 
3, 177, 1931; 5, 119, 135, 172, 1933. 

Note.— One or more of the following patents cover much of the modern low-temperature 
fractional distillation apparatus. Podbielniak, Inc., Chicago, III., is the exclusive licensee. 


U. S. Pat. No. 1,909,315 
1,917,272 
1,935,888 
1,967,258 
2,009,814 
2,088,385 
2,093,644 


Brit. Pat. No. 380,220 
Fr. Pat. No. 721,598 
Can. Pat. No. 343,524 
Can. Pat. No. 343,525 
Rum. Pat. No. 27,009 


23 Frey. F. E„ and Yarn, W. P„ Ind. Eng. Chem., 19, 492. 1927. 
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Table 35 4 lists the normal boiling points ol the lighter hjilrocarbons usuilb 
encountered in these amuses The boiling points of some inert and noncondcm 
bit gases are also included 

/Ippnrnfm — 1 he distillation column is a glass tube 3 to 5 mm msidt du ” r ‘ 
uid about 3 ft long V sure spiral fits the interior of the tube snuglj and exten > 
its full length forming the column packing 2 * The column is joined to a J|nT 
length of siightl) larger tube at its top which forms the still head Sealed > nI ’ 
the still head are a metal capillar) tube for remoung the \apori7td fractions ar 
a «m 0 lc junction thermocouple to measure the reflux temperature \ stl " P 1 ' 1 
kettle haung a tube for admitting the sample and a small tkcirio! 
connected to the bottom of the column with a ground glass joint Xhc «« ® ^ 
kettle depends oil tlie material to be distilled A capacity of 13 to 2 j n> 

2i Columns developed for special and difficult separations having more ’ 

than the helical wire and known as Super Cool and super Cal columns 
Grid packing (See ftnt 22 including patents p 132a ) 



^Copper Tubing Connect 







1528 FUEL GASES AND RELATED PRODUCTS 

been recommended for gaseous samples Larger volumes are used for liquid 
samples 

A double wall glass evacuated jacket, its interior silvered or provided with metal 
radiation shields surrounds the still Its upper portion is enlarged to surround 
an annulaT metal cooling vessel which encloses the still head Vaporization of 
liquid nitrogen into this cooling vessel cools the column head in turn and produces 
liquid reflux 

I lie metal capillary delivery tube is connected to a mercury filled manometer 
and to a manifold of stopcocks The manometer registers the column pressure 
Manipulation of the stopcocks can close the column in for total reflux, or connect 
it in turn with each of two or more receiving bottles of equal and known volunu 
used to collect the vaporized fractions A second mercury manometer indicates the 
pressure of the gas admitted to each receiver The reservoir bottles are enclosed 
in a constant temperature bath 

Reflux temperature which is the equilibrium boiling point of each component 
as it is removed from the still is indicated on a millivoltmeter or potentiometer 
or may be displayed on a strip chart recorder 

Auxiliaries include a vacuum pump Dewar bottles for liquid nitrogen control 
for the kettle heater and apparatus for removing moisture and carbon dioxide 
from the sample prior to its entering the column For the automated models 
compressed air a water supply and electric power are also required Supple 
memary sample collecting apparatus is sometimes used 

Procedure — Gaseous samples are usually supplied under pressure LPG and 
some refinery products may be available as liquid samples in this case they must 
be bandied in such a manner as to assure that a representative sample of vapor 
is admitted to the distillation apparatus (See Collection Procedures) If it is 
certain that samples are dry and contain no carbon dioxide the purification step 
may be omitted Otherwise CO_, is removed by Ascerite- 25 and moisture by 
calcium chloride and phosphorus pentoxide as the sample enters the still Hie 
following gives a summary of the steps required for analysis Reference should 
however, be made to the operating manual accompanying the particular form of 
apparatus used The sequence of operations in detail may vary widely depending 
on the kind and complexity of the automatic controls provided 

To begin an analysis evacuate the entire apparatus column manifold manome 
ters and receiving bottles After testing for leaks close the manifold stopcock 
for the receiving bottles and blow liquid nitrogen into the cooling compartment 
of the still head As the sample is admitted maintain the temperature a little 
below the normal boiling point of the most volatile hydrocarbon component o 
the sample If the sample contains methane and noncondensible gases hold the 
temperature as low as possible Chill the still pot to a temperature depending 
on the volatility of the sample If some methane is present, a little liquid nitrogen 
will be required around the still pot initially . 

With all receiving bottles closed off by the manifold stopcocks, admit the saojpc 
slowly through the inlet at the bottom of the kettle When the pressure w ® 
the still reaches atmospheric, as indicated by the column 
rate of admission and cooling so that liquefaction takes 
flooding the column, and column pressure remains constant 
as The concentration of C0 2 m the original sample if lequired is dciemuned b) 0 
analysis 


manometer, aajmi ^ 
dace smoothly wit^ 
The condensed hq u "‘ 
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collects in the still pot. If noncondensibles are present, the column pressure will 
tend to rise even with adequate cooling. Open very slightly the stopcock connect- 
ing the column with the first receiver botde. Bleed off noncondensibles very slowly 
to maintain column pressure at atmospheric. If column is flooded, close inlet 
stopcock and withdraw no gas until the liquid drains into the kettle. Continue 
admission of sample until kettle is about two-thirds full of liquid. Close oudet 
stopcock, and block inlet tube and stopcock with a little mercury. Close inlet 
stopcock. Allow column to come to equilibrium on total reflux, adding nitrogen 
to the cooling chamber at a rate such that atmospheric pressure is maintained as 
indicated bv die column manometer. The quantity of noncondensibles is indicated 
by the pressure in the first receiver. 

When the reflux temperature has become constant as indicated by the thermo- 
couple, start distillation. Carefully adjust the rheostat controlling heat added to 
still pot. The stopcock connecting the column to die evacuated receiver which is 
to collect the first distillate fraction is partially opened. Draw off the most volatile 
component slowly, balancing ketde heat, reflux cooling, and draw-off rate so that 
reflux temperature and column pressure remain constant. If column floods because 
distillation rate is too high, close it in by closing oudet stopcock. Readjust heating 
rate and allow column equilibrium to be reestablished on total reflux before draw- 
ing off more distillate. 

When the component being distilled is nearly completely recovered, as indicated 
by a tendency for reflux temperature to rise, reduce the withdrawal rate. Judi- 
cious control of withdrawal rate and cooling will increase die reflux ratio so that 
\ery sharp fractionation can be attained with most components. 

A very steep temperature rise will occur, indicating that die next most volatile 
component exists in the reflux compartment. The pressure registered by the re- 
ceiver manometer indicates the quantity of distillate collected. If fracdons are 
to be collected for further examination, or if receiver pressure approaches atmos- 
pheric, close the stopcock to the receiver just filled and open that to the next 
evacuated bottle. Continue the distillation of each component in turn. 

Fractionation of components more volatile than C- hydrocarbons is completed 
at atmospheric pressure. To distill C- and heavier, column pressure is reduced to 
maintain the distillate in vapor form. 2 ''* Distillation of C 7 and higher hydrocarbons 
is generally considered impractical with this procedure. If the concentration of 
C- and higher is small, as in natural gas. and the still pot and column become 
nearly dry, diese hydrocarbons are drawn off together into an unused evacuated 
receiver, and reported simply as C--f-- 

Calculation of Composition.— If die reflux temperature during distillation is 
plotted against the cumulative pressure rise in die receivers (Fig. 35-7), or if it is 
displayed on a recorder when automatically controlled apparatus is used, a dis- 
tillation curve showing horizontal sections or “plateaus” is obtained. These corre- 
spond to die reflux temperature of each pure component withdrawn. The nearly 
\ertical portions, indicating an abrupt temperature rise as each succeeding com- 
ponent distills are called “breaks.” or “break points.” The horizontal length of 
each plateau, between breaks, is proportional to the quantity of the corresponding 
hydrocarbon present in the sample. The percentage by volume of each component 

A maximum distillation pressure of 300 mm. for distilling C 5 hydrocarbons, and 
100 mm. for C, ; . is recommended bv Denny, L. C.. and Luxon, L. L. (ed.), Handbook of 
lSutanc-Propane Gases, 3rd ed., Jenkins Publications. Los Angeles, 1951. 
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m the original sample is 100X (pressure increase for component/sum of pressur 
increase for entue sample in all receivers) 

Supplementary Tests —Distillate fractions may be recovered from the recenin 
bottles by auxilury equipment including a Topler pump for supplementary tmc 
ination For example oxygen can be determined in the non condensible fracio: 
by absorption in pjrogallol Propane and propylene are not completely separata 
and are collected together The unsaturated content of the fraction can also b 
estimated by \olumetric absorption methods Isomers such as isobutane and butan 
can be examined by infrared methods 



Fic 35 7 Fractionation Distillation Curse of Natural Gas (Copyright 1931 bv 
American Chemical Society and leprodnced \ ith permission of the copyright o ncr, 

Distillation procedures have also been used with manufactured gases shebeen 
tain many saturated unsaturated and aromatic hydrocarbons The usual practcc 
is to separate the hydrocarbons into groups having the same number of catboi 
atoms and determine individual components within these groups by Orsat analjss 
or additional physical or chemical methods * ’8 

Precision of Distillation Analysts — From the results of cooperative tests among 
many laboratories conducted by the Natural Gasoline Association of America a" 
indication of the reliability of low temperature fractional distillation analysscan 
be obtained The major interest here was in natural gasoline analysis and samp s 
were composed of C 3 through C 6 Cor the most part The following conditions 
may be cited , 

The mean deviation from the true value averaged for all components rang 
from 0 55 to 1 04 mole per cent for the various types of samples analyzed 

2 Burke O M Starr C E and Tuemmler T D (ed ) Light Hydrocarbon Anal «*• 
Remhold Publishing Co N \ 1951 

’8 Robey R F and Wiese H k Ind Eng Chem Anal Ed 20 926 19*8 

2 » Miller A J Petroleum Engineer p C 31 Aug 1952 
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"Major errors are not due to basic procedures or apparatus and are attributed 
to human element factors . . 

Another reported examination of the distillation procedure attempted to evalu- 
ate modifications and special tests for complete analysis of complex C 3 + C 4 + C 3 
samples. 27 The conclusion was drawn here that . . On the average, a given 
laboratory can be expected to make determinations for most light hydrocarbon 
components of a gas within a probable error of ±0.2 to 0.3 mole per cent. Further- 
more, the extent to which laboratories check each other has been found to be 
within values two to three times the probable error for a given laboratory.” And 
“. . . Distillation and mass spectrometer methods show about the same accuracy 
and precision for the analysis of total C 3 , total C 4 , and total C-.” 

Analyses of natural gases are at times used to calculate the heating value of the 
fuel. Agreement between calculated and carefully measured heating values may 
be used, with some caution, as an index of the accuracy of the analyses. In the 
author’s laboratory, the heating values of upward of a hundred natural gas samples 
have been calculated from low-temperature fractional distillation analyses. The 
range of composition was narrow; the heating values varied only between 1020 and 
1150 Btu per cubic foot. Experimentally determined values were obtained at the 
time of sampling with a carefully adjusted and calibrated Thomas calorimeter. 
It was found that the average difference between calculated and experimental 
results was about 3 Btu per cubic foot. 

ANALYSIS BY MASS SPECTROMETER 

The use of the mass spectrometer for the analysis of industrially important gases 
has undergone intensive development in the past two decades, largely by the petro- 
leum industry. Commercially available instruments are now capable of rapid 
analysis of complex mixtures of hydrocarbons and other components found in fuel 
gases and related materials with a facility unattainable by other means. However, 
because of the relatively large initial investment required for the mass spectrometer 
and the ancillary equipment, their expense can be justified only by full and 
continuous utilization of such facilities. Moreover, they are never fully shut down 
except for major maintenance, and a trained crew must be constantly available 
lor their operation. Thus they are ordinarily limited to those organizations re- 
quiring numerous and regular analyses of products and process streams, the value 
of which can support the cost of the equipment. Chemical and petroleum proc- 
essing companies, and certain research and analytical agencies are among these. 

Mass spectrometers manufactured by the Consolidated Engineering Company, 
General Electric Company, and Westinghouse (Research model) have been satis- 
factorily used for gas analyses. The components which may be determined are 
shown in Table 35-5, for natural gases and carburetted water gas. More complex 
mixtures, such as manufactured “oil gas,” have also been analyzed by these proce- 
dures with success. Many analyses of hydrocarbon streams in refineries are run 
routinely by mass spectrometer. 

The basis of separation and recognition of the molecular species making up a 
gaseous mixture is in their dissociation and ionization, by electron bombardment 
at very low pressure, to produce positive ions of different masses. The ions are 
first accelerated by an electric field, then separated by causing them to take circular 
paths, with radii depending on die ratio, m/e, of mass to charge, between the poles 
of an electiomagnet. Light ions travel in paths of short radius, while heavier ions 
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Table 35-5 Components Determinable by Mass Spectrometric Analysis 
In \atural Gases In Carburet ted Water Gas 


Helium 

Hydrogen 

Neon 

Oxygen 

Argon 

Nitrogen 

Oxygen 

Carbon monoxide 

Nitrogen 

Carbon dioxide 

Carbon dioxide 

Hydrogen sulfide 

Hydrogen sulfide 

Methane 

Sulfur dioxide 

Ethane 

Methane 

Ethene 

Ethane 

Propane 

Ethene 

Propene 

Propane 

Isobutane 

Propene 

Butane 

Isobutane 

Butenes 

Butane 

Pentanes 

Butenes 

Pentenes 

Pentanes 

Hexane 

Pentenes 

Butadiene 

Hexane 

Carbon disulfide 
Benzene 

Toluene 

Xylene 

Styrene 

Naphthalene 


take paths of larger radius An ion collector is provided to collect the ions ol 
different masses separately as the accelerating potential or magnetic field istluV'l 
to bring them to the collecting taigct \ quantitative measure of the ions tolltttnl 
is provided by the ni ignitudc of the voltage developed at the target by the ion 
discharged 1 he instrument thus produces a mass spectrum of the different tons 
formed in the gas or mixture being analyzed When displayed on a recorder tlurt 
the record takes the form of a horizontal base line with peaks at intervals cone 
spondiiig to masses of the different ionized molecules or molecul ir fragments pro 
duced in the ionization chamber The height of the peaks represents the ton 
voltage and hence the abundance of ions of each type formed Different mokcuhr 
species produce unique miss spectra, so that the resolution of a complex record 
gives inform itton from which the composition of the mixture can be estimated 
The miss spectrometer must be calibrated periodically with pure samples ofeJt 
of the uidividuil components to be determined in a mixture 1 hen by i lsm « ltt 
mixture spectrogram and the spectrograms obtained in the calibration procedure 
the composition of the mixture is determined by solving a system of linear situu 
tancous equations ^ 

Detailed instructions and procedures lor operation and maintenance of the «' 
ferent available models of mass spectrometers are provided by die mum facing 
'Thcv are beyond the scope of this discussion General instructions P cr, '“ fnt ( j ( > 
the adjustment, calibration and use of mass spectrometers are to Ire foun m 
ASTM Standard Methods noted below 
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Analysis of natural gas -with the mass spectrometer ma; be made according to 
ASTM Standard .Method D1137-53. 30 This method is intended for die deter- 
mination of the complete chemical analysis of natural gases or similar gaseous mix- 
tures through the C 4 hi drocarbons. A Tentative Method D 1302-53 31 is proposed 
for the anal) sis of carburetted water gas and similar gaseous mixtures. The de- 
velopment of these standardized procedures, and the appraisal of their reliabilit) 
was the result of a cooperative investigation made b) die National Bureau of 
Standards, the American Societv for Testing and Materials, and a large number of 
analvtical laboratories. 32 - 33 

The accuracv and the reproducibility of mass spectrometric analyses of gases de- 
pends somewhat on die complexity of the mixture to be analyzed, on the ability of 
the analvst to identify all components to be accounted for, and the care used in 
calibration. Necessary shill in operation and maintenance of the instrument, 
already referred to. requires extensive experience. Shepherd 32 33 has given esti- 
mates of probable accuracy and reproducibility of analyses of a natural gas sample 
studied in the extensive cooperative test. His data are shown in Table 35-6 and 



indicate that an accuraq equivalent to or better than low -temperature distillation 
and volumetnc gas analysis methods can be expected. 

Mass spectrometric methods have the ability to separate all components of die 
“illummant" and paraffin fractions of complex fuel gases. This is in contrast widi 
the veq limited separations obtained in even the most refined volumetric proce- 
dures. 


2,) Standard Method for Anahsis of Natural Gases and Related Tvpes of Gaseous Mix- 
tuies bv the Mass Spectrometer, D 1 137-53, AN.T.M. Standards, Part 8. American Societv 
[or Testing and Materials. Philadelphia. Pa., p. 1224, 1958. 

" l Tentative Method for Anahsis of Carburetted Watei Gas bv the Mass Spectrometer. 
D1302 53T. ASTM Standards. Part 8. American Scdetv for Testing and Afateriah Phila- 
delphia. Pa . p 1299, 195s 

Shepherd, M , NBS Journal of Research, 38, 19, 1947. RP 1759. 

32 Shepherd, M . NBS Journal of Research, 44, 509, 1950 RP 2098. 
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Sample Preparation.— Any appreciable hydrogen sulfide content should be te- 
moved by connecting a tube of Ascarite ahead of the sample container during 
sampling or ahead of the drying tube when entering the sample into the chromato- 
graph. This also removes carbon dioxide, and the results obtained will be on the 
acid gas free basis. 37 

Connect the sample container outlet valve to chromatograph sample valve using 
a minimum of connecting line. Mount a dryer between the sample container and 
the chromatograph sampling valve unless the sample is known to be free of water 
\apoi Use metal or short pieces of Tygon for connections. Do not use rubbei 
tubing. All lines, vahes and connections must be clean and dry. 

Open the sample cylinder outlet valve and purge the sample through the entry 
system and sample holder. 38 Pass the outlet from the sample holder thiough a 
tube extended just below the surface of a container of water to indicate the rate 
of sample flow. Adjust the How to one or two bubbles per second. Flush for 
three minutes or more. Adjust the recorder base line to coincide with the recorder 
zero. Manipulate the sample valve to enter the sample. 

Partition Column Run for Ethane and Heavier Hydrocarbons and C0 2 .— 
Usually a 1 to 3 ml. sample will be satisfactory for most gases. If the gas is lean, 
a 5 ml. sample may be needed for good measurements of low-concentration com- 
ponents, particularly C fi +. Enter the sample and obtain a chromatogram through 
n pentane and reverse the carrier flow. Adjust the attenuator at each peak foi 
maximum peak height within recorder chart range. The run is complete after 
the back-flush peak is obtained, as evidenced by the recorder pen returning to and 
remaining on the base line. Obtain a corresponding chromatogram on the refer- 
ence standard. The reference standard run is complete after the elution of 
n pentane. 

Methane may also be determined on this column if the column used will separate 
it fiom nitrogen and oxygen (i.e., silicone 200/500) and if the sample size does not 
exceed 0.3 ml. 

Molecular Sieves Column Run for Oxygen, Nitrogen, and Methane.— The sam 
pie size must not exceed 0.3 ml. for the determination of methane. Enter the 
sample and obtain a chromatogram through methane. Reverse the carrier flow to 
clean the column by back-flush. Likewise obtain a chromatogram showing nitrogen 
and methane on the reference standard. Obtain a chromatogram on dry air show- 
ing oxygen and nitrogen if oxygen is to be determined. The air may be entered 
at an accmately measured reduced pressure or from a helium diluted mixture. 

Moleculai Sieves Column Run for Helium.— This tun is made using nitrogen or 
aigon as the carrier gas. Enter a 3- to 5-ml. sample (laige enough to obtain a good 
measmable helium peak). The helium peak will be just ahead of oxygen and 
uill be obtained in about two minutes using about 5 psig carrier pressure at the 
column inlet. Reieise the cairier flow after helium to clean the column. Obtain 
a conesponding chromatogiam on a reference standard containing a suitable per- 
centage of helium. 

17 Hydiogen sulfide content in the oulei of 10 giains or less per 100 scf will base 
negligible elfect on concentiations of other components and need not be remoied if all 
mateiials contacting the sample ate ineit to hydiogen sulfide. If Ascarite tube is used, 
the conccntiation of ITS and C0 2 should he determined when sample is collected. 

as If the possibilits exists that hydrocaibon condensation in the sample cylinder could 
occm, the cilindcr should be heated aboie the collection tempeiature until levaporization 
is complete and dm ing sample admission. ‘ ' 
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Sample Preparation.— Any appreciable hydrogen sulfide content should be ie 
moved by connecting a tube o£ Ascarite ahead of the sample container during 
sampling or ahead of the drjing tube when entering the sample into the chromato 
graph This also remotes carbon dioxide, and the results obtained will be on the 
acid gas free basis 37 

Connect the sample container outlet \alve to chromatograph sample valve using 
a minimum of connecting line Mount a dr)er between the sample container and 
the chromatograph sampling vahe unless the sample is known to be free of water 
\apor Use metal or short pieces of T}gon for connections Do not use rubbei 
tubing All lines, tabes and connections must be clean and dry 

Open the sample qlinder outlet tahe and purge the sample through the entrj 
st stem and sample holder 38 Pass the outlet fi om the sample holder through a 
tube extended just belott the surface of a container of water to indicate the rate 
of sample flou Adjust the flow to one or two bubbles pei second Flush for 
three minutes or more Adjust the recorder base line to coincide with the recorder 
zero Manipulate the sample vahe to enter the sample. 

Partition Column Run for Ethane and Heavier Hydrocarbons and CO_,.— 
Usually a 1 to 3 ml sample will be satisfactory foi most gases If the gas is lean, 
a 5 ml sample may be needed for good measurements of low concentration com- 
ponents, particularly C G + Enter the sample and obtain a chromatogram through 
n jientane and reterse the carrier flou Adjust the attenuator at each peak for 
maximum peak height tuthin recorder chart range The run is complete after 
the back flush peak is obtained, as evidenced by the recorder pen returning to and 
remaining on the base line Obtain a corresjxmding chromatogram on the refei 
ence standard The reference standard run is complete after the elution of 
n pentane 

Methane rna) also be determined on this column if the column used will separate 
it from nitrogen and oxjgen (i e , silicone 200/500) and if the sample size does not 
exceed 0 3 ml 

Molecular Sieies Column Run for Ox)gen, Nitrogen, and Methane.— The sam 
pie si/e must not exceed 0 3 ml for the determination of methane Enter the 
sample and obtain a chromatogram through methane Reverse the carrier flow to 
clean the column bj back flush Likewise obtain a chromatogram showing nitrogen 
md methane on the reference standard Obtain a chromatogram on dry air show 
ing oxjgen and nitrogen if oxjgen is to be determined The air may be entered 
at an nccuiateh measured reduced piessure or from a helium diluted mixture 

Molecular Sietes Column Run for Helium.— This lun is made using nitrogen or 
aigon as the carrier gas Enter a 3 to 5 ml sample (large enough to obtain a good 
measuiable helium jreak) The helium peak will be just ahead of oxygen and 
tull be obtained in about two minutes using about 5 psig carrier pressure at the 
column inlet Reteise the carrier fioti after helium to clean the column Obtain 
a conespond.ng chromatogiam on a reference standard containing a suitable per 
centage of helium 

1 Huhogen sulfide content in the oiclei of 10 grams 01 less per 100 scf xs ill ha\e 
negligible ellect on conccntiations of other components and need not be lemoiecl if all 
matcuals contacting the sample aie meit to Imhogen sulfide If Ascante tube is used 
the concentiation of H_,S and COo should be determined uhen sample is collected 

If the possibihts exists that lndrocaibon condensation in the sample cjlinder could 
occui, the olindet should be heated aboie the collection tempeiature until leiaponzation 
is complete and dining simple admission 
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The heights of the peaks produced on the recorder chart for each component 
are measured and compared with the peak heights for the corresponding com 
ponents on the calibration record for the standard reference mixture made°at the 
same time The mole percentage of each component in the unknown is calculated 
with the expression 

c -£ x * 

where C = mole per cent of component in sample, 

A = peak height of component in samole, mm , 

B = peak height of component in standard, mm , 

S = mole per cent of component in standard 
For hexanes and heavier components using columns and conditions as specified 
the peaks are too broad for satisfactory use of peak heights The areas under the 
curse in the back flushing step between peaks and base line are therefore employed 
Precision of Analysts —Chromatographic methods are still undergoing develop- 
mem especially with respect to column materials and operating conditions It is 
therefore difficult to appraise reliably the precision attainable with these tech 
mques Howes er the following estimate given by the NCAA for its tentatne 
standard method may be used as a guide tor natural gas analyses made on the same 
sample by different laboratories 


Component 

Single Component 

Group Ce -f- 

mol % 

Reproducibility 

Reproducibility 

<M 

03 

1 0% of amount 

1 5 

05 

10% of amount 

5-25 

10 


over 25 

30 



The NG A A procedure 39 describes the method in somewhat greater detail 
including recommendations for preparation of the columns procedures for supple 
mentary and partial analyses and several helpful precautionary measures 

Similar procedures have been applied in the analysis of liquefied petroleum g^ses 
and to reformed natural gas when suitable reference standard mixtures are avail 
able In sampling the LPG for analysis the precautions necessary for obtaining > 
representative sample m gaseous form must be adhered to if the unknown or 
ence standard are m the liquid state 

Reformed natural gas contains substantial proportions of hydrogen car 
monoxide, and carbon dioxide However since hydrocarbons heavier than me 
ane are not likely to be present adsorption columns only are used For examp 
a silica gel column at 40°C is suggested for CO, A second run with a mol cuw 
sieves column at 35°C will separate the oxygen, nitrogen, carbon monoxide* 
methane Helium is used as carrier gas To determine hydrogen die mo ecu ^ 
sieves column is again used, but nitrogen must be employed as carrier because 
Che relative thermal conductivities of hydrogen and helium 
Gas chromatographic techniques are advancing rapidly, and many are p r ‘ 
useful for research purposes Further standardization of procedures are, 
receiving extensive attention 

38 Tentative Method for Natural Gas Analysis by Gas Chromatography, Natural G& 
ciation of America Tulsa, Okla , 1961 
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DETERMINATION OF MISCELLANEOUS CONSTITUENTS 
HYDROGEN SULFIDE 

Hydrogen sulfide, H 2 S, is encountered in utility fuel gases manufactured from 
coal or by pyrolysis of sulfur-bearing oils. Liquefied gases from petroleum refining 
processes may contain small amounts, but the purified marketable product is sub- 
stantially free of it. It occurs in natural gases only from certain localities. Its 
concentration in this “sour” gas may be as much as 20%, and it can cause extensive 
conosion damage to castings and processing equipment. Natural gas as distiibuted 
to consumers rarely contains more than a minute trace, if any, hydrogen sulfide. 

Note.— Hydrogen sulfide is nearly as toxic as HCN, and its action may be as rapid. 
It is a noncumulative poison, is lapidl) oxidized b) the blood, and its pioducts aie non- 
toxic; 0.01 to 0.015% ma) produce death in from 8 to 48 houis if bieathed continuously. 
Concentrations of 0.05 to 0.07% are dangerous, and 0.1 to 0.3% lapidly latal. 

Medrods selected for detection and determination of hydrogen sulfide will depend 
on the purpose of the analysis, the concentration present, and the accuracy desired. 

LEAD ACETATE PAPER TEST 

A quick qualitative test for the presence of hydrogen sulfide makes use of mois- 
tened lead acetate paper. If a strip of filter paper wetted with 5% lead acetate 
solution is held in the gas stream, the speed with which a brown or black colora- 
tion develops may be used as a rough estimate of the H 2 S present. The procedure 
can be made semi-quantitative in die following way. 40 ’ 41 

Apparatus.— A glass cylinder 1.75 in. in diameter by 8 in. long; bottom stopper 
fitted with a gas inlet tube and glass baffle 1 to 1.25 in. diameter; top stopper 
fitted with a 5-cu. ft. per hour gas burner at outlet and glass suspension hook 
arranged as in the diagram in Fig. 35-8. 

Procedure .— Dip a strip of white filter paper, 2 in. wide by 6 in. long, in a 5% 
lead acetate solution; press the strip between clean blotteis to remove excess solu- 
tion; immediately suspend the strip so that it is midway between the baffle and 
upper stopper and pass gas at 4.5 to 5.5 cu. ft. per hour for 1 minute. Immediately 
compare the exposed strip with another strip moistened with the same solution 
but not exposed to the gas. If the exposed strip is not distinedy darker, the gas 
is considered free from hydrogen sulfide. 

Sensitivity— The limit of detection is 0.3 to 0.4 grains FL,S per 100 cu. ft. of 
gas for tests of 1-minute exposure. The duration of the test can be varied, keeping 
other conditions the same. With 30 seconds exposure the minimum detectable 
concentration is about 0.45 grain per 100 cu. ft. of gas, or with a 30-minute test, 
about 0.2 grain. Factors influencing the test are paper surface, opacity, moisture 
content and method of preparation, strength of lead acetate solution, exposure 
time, gas flow rate, size of apparatus. 

TUTWILER DETERMINATION 

This method has been extensively used as a control test in gas-manufacturing 
and coke-oven plants for instantaneous determinations on gas containing 10 grains 
of H,S or more per 100 cu. ft. of gas. The gas sample is drawn into a special pipet, 

to McIIiide, R. S., and Edwaids, J. D., NBS Technologic Papei, No. 41, 1914. 

41 NBS Ciiculai No. 48, Standaid Methods of Gas Testing, 2nd ed., 1916. 



1540 


FUFL GASES AND RELATFD PRODUCTS 

starch solution added and the hvdrogen sulfide titrated directly with standird 
iodine solution 

Apparatus— \ 100 ml captcitv Iutwiler buret with t two way glass stopro l 
it the bottom and » three way stopcock at the top connecting either with an inkt 
tubuhture or a glass stoppered cylinder 10 ml capacity graduated in 01 ml sub 
divisions with rubber tubing connecting the buret with a leveling bottle with i 



Fit S> 8 Test for Hydiogen Sulfide Fic 35 9 rutwder Buret (Re 

with Lead \cetate Paper (Reproduced produced with permisson froin 

with pcnnissi in fr un \ J Allan Oas \ J \ltiei • Gas Anahsu a “ 

Analysis and Testing of Gaseous Ma Testing of Gaseous Materials 

lernis American Gas Assn New York American Gas Assn Net 'orl 

1945) 1945) 


cl «mp for closing off the rubber tubing all assembled on a stand is sJio« fl in 
Fig 35 9 

Reagents Iodine Stock Solution 0 1 N — \\ eigli 12 7 g of iodine ami 20 i> 
25 g of cp potassium iodide for each liter of solution Dissolve the kl in 
little water as possible dissolve the iodine in the concentrated hi solution no 
up the proper volume with distilled water and store in a glass stoppered 
glass bottle . 

Standard Iodine Solution, 1 ml = 0 00171 g I —Transfer 33 7 ml of the < 

0 l N stock solution into a 250 ml volumetric flask add water to the mar a" 
mix well Then 

1 ml = 0 00171 g I - 100 grams H<>S per 100 cu ft of gas 
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Starch Solution.-Shake about 5 g. o£ soluble starch with 100 ml. of water; pour 
into 1 liter of boiling water; stir; let cool and decant off the clear starch solution. 
Make a fresh solution every few days. 

Procedure - Fill the leveling bottle, L, with starch solution. Raise L, open cock 
G, open F to A, and close F when the solution starts to run out of gas inlet tube A. 
Close G. Purge the gas sampling line and connect it with A. Lower L and open 
/•' and G. When the liquid level is several ml. past the 100-ml. mark, close G and 
/■, and disconnect the sampling tube at A. Open G and bring the starch solution 
to the 100-ml. mark by raising L\ then close G. Open F momentarily to bring the 
gas in the buret to atmospheric pressure, and close F. Open G, bring the liquid 
level down to the 10-ml. mark by lowering L. Close G, clamp the rubber tubing 
near E and disconnect it from the buret. Rinse the graduated cylinder twice with 
standatd iodine solution (0.00171 g. I per ml.); fill the cylinder and record the 
leading. Introduce successive small amounts of iodine through F, shake well after 
each addition, and continue until a faint, permanent blue color is obtained. 
Record the reading, subtract the initial reading, and call the difference D. 

With every fresh stock of starch solution perform a blank test as follows; Intro- 
duct fresh starch solution into the buret up to the 100-ml. mark. Close F and G. 
Lower L and open G. When the liquid level reaches the 10-ml. mark, close G. 
With air in the buret, titrate in the same way as during a test and up to the same 
end point. Call the ml. of iodine used C. Then 

Concentration of LLS, grains/100 cu. ft. = 100(Z) — C). 

The test may be modified for use with smaller concentrations of H 2 S, by using 
a similar buiet of 500-ml. capacity and a more dilute (.001 N) iodine solution. The 
manipulation is the same as described for using the 100-ml. buret. The test as 
modified is sufficiently sensitive that concentrations of hydrogen sulfide less than 
1.0 giain per 100 cu. ft. can be determined. Since the starch-iodine end point is 
less distinct with the dilute reagent, it is recommended that the end point be com- 
paied with that determined when a sample of H 2 S-free air is titrated in the same 
buret. The quantity of iodine solution required to produce the end point color 
in the blank determination is subtracted from the total reagent consumed in the 
actual test. 


U. S. STEEL CHEMISTS' METHOD 42 
If an average analysis for hydrogen sulfide in a gas stream is required over an 
extended period, consideration should be given to the preference of collecting an 
average sample of gas or of carrying out a continuous analysis for the constituent. 
In the foimer case the average H 2 S concentration can be determined at the end of 
the collection period by a Tutweiler buret procedure. However, there is almost 
inevitably a loss of H 2 S by leaction with the container material or the confining 
fluid. Therefore, a procedure in which gas is passed slowly through a reagent 
which will remove the hydrogen sulfide quantitatively is usually preferable. Sample 
si/e can be adjusted by the flow rate and total collection time, and can be deter- 
mined by a suitable meter following the absorption train. Such a procedure will 
also lend itself to the deteimination of very small concentrations of H„S by using 
a suitably huge gas sample. 

■*- Methods ol Chemists of the U. S. Steel Corporation for the Sampling and Analysis 
ol Gases. Carnegie Steel Co., Pittsburgh, Pa., 1927. 
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lhe L S Steel Chemists Method ** « )S one of several adaptations of this pro- 
ceriurc It involves passing a metered sample of gas through a potassium or sodium 
hvdroxidt solution or through an ammomacal solution of cadmium chloride or 
7inc sulfite aculifsing with hydrochloric acid and titrating the liberated hvdrcptn 
sulfide with stand ird iodine or lodate solution 
Apparatus — \ Milligan gas washing bottle or two ordinary gas washm» bottles, 
each cirrying a gis inlet bubbling tube and a gas outlet tube a wet test meter 
sulfur free tubing gas sample line and connections 

Reagents Starch Indicator —Shake 6 g of soluble starch with 100 ml cold 
water idd to 1 liter of boiling w iter boil 5 minutes cool add 6 g 2 inc chlorite 
dissolved m 50 ml cold water (as a preservative) mix well let stand 24 hours v th 
otc ision if shaking decant the supernatant liquid into a glass stoppered bottle 
add 3 g potassium iodide and dissohe 

\mmoniacal Cadmium Chloride Solution Dissolve 5 g cadmium chloride n 
375 ml water and add 625 ml of concentrated ammonium hydroxide 

kmmomacal Zinc Sulfate Solution —Add 10 g zinc sulfate to 50 ml concentrated 
ammonium hydroxide in a 1000 ml volumetric flask stir make up to 1 liter with 
distilled w iter 

Sodium or Potassium Hydroxide Solution —Dissolve 20 g of sodium or potas- 
sium hvdroxide in 1 liter of water 

Standard 0 1 A Potassium lodate Solution— To a 1000ml volumetric flask add 
3 j 7 g potassium lodate 13 8 g potassium iodide and 300 ml water shake will 
idd 1 g poussium hydroxide shake until dissolved add water to make 1 liter of 
solution 

Standard 0 1 A Iodine Solution Transfer 12 7 g iodine and 18 g potass uni 
iodide to a 1 liter volumetric flask add about 50 ml cold water shake well (Hate 
to 1 liter let stand 24 hours before standardizing 

Procedure Into the gas washing bottle place 20 ml of the selected absorbent 
solution add about 200 ml water and mix well Purge the gas sampling line ami 
connect with the gas inlet tube Connect the gas outlet tube with the racier* 
and piss about 0 1 cu ft of gas through the absorbent The total gas volume anil 
sampling time can be v iried depending on the estimated concentration of H Sin 
the n is The rite of flow of the sample through the absorbers should not curt! 
about 100 ml per minute Record the sample volume meter temperature anJ 
pressure and the barometric pressure 

Disconnect the flask Wash the bubbling tube with about 100 ml of wat t 
eont lining 1 to 2 ml of I 1 hvdrochloric acid add about 5 ml starch indicator 
tcld an excess of 1 I hvdrochloric acid and immediately titrate the liberated h 
gen sulfide with stand ird 0 1 A iodine or lodate solution adding the st 3 ndar 
solution rapidlv at first with little shaking to avoid loss of H_S Let D rcpicscri 
the ml of titrating standard solution used Then 


G = 


(D) (0 0273) (100) 263 D 


and 


H -- G/636 4, 

is Mueri \ J Gas Analysts and Testing of Gaseous Materials \mencan Cai '" oc 
non N \ 194 a ^r 

i* When using an ammomacal solution insert between the absorber and mete 
gas scrubbing bottle containing 5% sulfuric acid solution to absorb ammonia vapo 
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where G = grains H 2 S per 100 cu. ft. of gas, 

H = volume per cent of H 2 S in the entering gas, 

V = volume of gas registered by the meter, corrected first to standard conditions 
(60°F., 30.0 in. Hg, saturated) and then for concentration of CO 2 in inlet gas 
which is absorbed with the H 2 S, 

0.0273 = grain of H 2 S equivalent to 1 ml. of 0.1 N iodine solution. 

OTHER METHODS 

Shaw 45 has described a method for the rapid determination of hydrogen sulfide 
and mercaptans in gases containing only a few grains of sulfur compounds per 
hundred cubic feet of gas. A special glass flask is required, in which both absorp- 
tion of the HoS in cadmium chloride solution, and titration with standard iodine 
solution take place. 

For determination of H 2 S in extremely minute concentrations, colorimetric 
methods have been devised. Probably the most reliable are the methylene blue 
method developed at the Bureau of Mines, 40 and the bismudr sulfide method of 
Field and Oldach. 47 


ORGANIC AND TOTAL SULFUR 

Sulfur occurring in fuel gases, other than that found as hydrogen sulfide, is 
classified generally as “organic sulfur.” The variety of compounds containing bodi 
sulfur and carbon are usually determined as a group, without distinguishing the 
nature of the different organic residues. If any small residual quantity of hydrogen 
sulfide is also included, the results of such determination are expressed as “total 
sulfur.” The quantities normally encountered in such determinations with manu- 
factured or natural gases will rarely exceed 50 grains of sulfur per 100 cu. ft. of gas. 
The principal sulfur-bearing molecules will be carbon disulfide, CS 2 ; carbon oxy- 
sulfide (carbonyl sulfide), COS, thiophene, and mercaptans in coke-oven and other 
manufactured gases. Natural gases and refinery gas streams, including liquefied 
petroleum gases, may contain mercaptans, RSH, 48 sulfides, R-S-R, and disulfides, 
R-S-S-R. 

The older Referee test, 49 - 60 long used by the gas manufacturing industry for 
organic or total sulfur determinations, has been superseded in modern analytical 
practice by two procedures adopted by the American Society for Testing and Ma- 
terials. The Standard Method, D 1072-56, 51 Total Sulfur in Fuel Gases, may be used 
for any kind of utility fuel gas, including liquefied petroleum gases as distributed 
in their gaseous form. The Tentative Method, D1266-59T, 52 for sulfur in liquid 
petroleum fractions, is useful for samples of LPG when collected in the liquid state. 

40 Shaw, J. A., Inch Eng. Chem., Anal. Ed., 8, 162, 1936. 

40 Sands, A. E., Grafins, M. A., Wainwright, H. \V„ and Wilson, M. W„ U. S. Bureau 
of Mines, R.I. 4547, 1949. 

■>' Field, E., and Oldach, C. S., Ind. Eng. Chem,, Anal. Ed., 18, 665, 1946. 

■is R stands for an organic, or carbon-containing radicle. 

49 Altieri, V. J„ Gas Analysis and Testing of Gaseous Materials, American Gas Associa- 
tion, N. Y., 1945. 

N.B.S. Circular No. 48, Standard Methods of Gas Testing, 2nd ed., 1916. 

si Standard Method of Test for Total Sulfur in Fuel Gases, D1072-56, A.S.T.M. Stand- 
ards, Part 8, p. 1211, American Society for Testing and Materials, Philadelphia, Pa., 1958. 

5 - Tentative Method of Test for Sulfur in Petroleum Products Including Liquefied 
Petroleum Gas by Lamp Combustion, D1266-57T, ASTM Standards, Part 8, p. 1279, 
American Society for Testing and Materials, Philadelphia, Pa., 1958. 
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TOT IL SLLTLR l\ I ULL GASES 
This method is intended for the detciminition of total sulfur m fuel gases at 
concentrations between 1 0 md 30 D nms of sulfur per 100 cn ft It is appl cable 
to natural gases immif ictured gases md mixed gases 

\ nuttred simple of gas is burned in a dosed system in an atmosphere of 
sulfur free air The oxides of sulfur pi< duced are absorbed in sodium carbonate 

solution wherein t!ic\ are oatdiml t> 
sulfate I he sulfate in the ibsoibmi 
solution is subsequent deterni nnl 
be titration with standard barium 
chloride solution using ictrdmlrou 
quinnne as an indie itor 

1 he following description of the 
method is adapted from \Sf\l 
Stuidard Method DI072 56 
Apparatus — 1 he apparatus cot s h 
of the following 

Burner (Fig 35 10) of Pjrex Glass. 
Chimnejs Absorbers and S) ras 
Traps Indicated in Fig Sail 
Flow Meter — \ calibrated capilbn 
flowmeter for predetermining and i 
cheating the rate of flow of gas to the 
burner The capillar) selected shot 1 1 
be of such size that it the required 
rite of flow the difTerentnl pressure 
is it least 20 cm of water A scale 
disided into millimeters will thenpn- 
vide a rtidmg precision of a0o £ o Other metering deuces such as a rotameter or 
a dr) displacement meter will be suitable if the precision of reading the scale is 
cqun iknt \ flow controllu n \al\e is attached to the inlet connection of thefl> 
meter 

\ jcuum S)stem \ \acuum manifold equipped with a vacuum regulating deuce 
\ ihts etc \ conscnient arrangement lor multiple tests is sbosui in Fig 3>l‘ > 
but an) other simil tr ssstem ma) be used \ floss' of about 3 I per minute of * r 
is required through eaeli ibsorbcr \ con taut m unfold pressure of approMtnatd' 
Idem of water below atmospheric is m untamed 

\ir Punf)ing S)stem - V desicc to supple purified air to the burner nniul " 
at a ucarls constant pressure of approxim itel) 20 cm of water md to the thwints 
iinmfnld at i prcssuie of I to 2 an or ss iter is illustritcd m Fig 3513 hit ant 
other simil ir s)stem mas be used 

Manometer — \ as ner miuometer for indie uin 0 die gis pressure at the p 01 
of solume measurement It is connected between the flowmeter md the b nntl 
with one leg open to the atmosphere 

Reagents and Materials . 

\IcohoI — rth)l alcohol den iturcd b\ formula 30 or 3 \ or isoprop)! ah‘ 
Standard Barium Chloride Solution (I ml 1 mg S) —Dissolve 7 631 g o *P 
HiCI_ 2H O m water and dilute us 1 liter Stuultrdue the sotution grjtm> tl,irl ' 
hs precipitation as barium sulfate 



Note - All dimensions in m dimeters 
Ik 3 > 10 (turner foi T< t d Sul fui Xppaiatus 
Reproduced t ith pe mission hom \ST M 
sundaids \ST\! I’luladclphi t 






















154G 


fuel gases and related products 



Hr 35 12 Suction S)stem (Reproduced with permission from ASTM Standards \S1M 
Philadelphia l£b8 ) 


Chimney Manifold 



Fir 35 IS runfied Air System for Multiple Determinations (Reproduced P° 
mission from AST M Standards ASTM Philadelphia 1‘Jj8) 
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Hydrochloric Acid (2.275 g. HC1 per liter).— Compare this solution by titration 
with the Na 2 C0 3 solution, using methyl orange indicator. Adjust, if necessary, 
so that 1 ml. o£ HC1 solution is equivalent to 1 ml. of Na 2 C0 3 solution. 

Hydrogen Peroxide, (30%). 

Methyl Orange Indicator Solution.— Dissolve 0.1 g. methyl orange in 100 ml. water. 

Silver Nitrate Solution (17 g. AgN0 3 in 100 ml. of water).— Keep in a brown 
bottle. 

Sodium Carbonate Solution (3.306 g. Na 2 CO s per liter).— Dissolve 3.306 g. of 
Na 2 CO s in water and dilute to 1 liter. 

Sodium Hydroxide Solution (100 g. NaOH per liter).— Dissolve 100 g. of technical 
grade NaOH pellets in water and dilute to 1 liter. 

Sulfuric Acid (1:16).— Mix 60 ml. of H 2 S0 4 (sp. gr. 1.84) with 960 ml. of water. 

Tetraliydroxyquinone Indicator (THQ), in powered form. 53 

Preparation of Apparatus.— Place 300 to 400 ml. of NaOH solution in the first 
scrubber (Fig. 35-13) and the same amount of H 2 0 2 (30%) in the second scrubber. 
This is the purification train for the combustion air. 

When the apparatus is first assembled, adjust the valve between the vacuum 
manifold and the spray trap so that approximately 3 1. of air per minute will be 
drawn through the absorber when the chimney outlet is open to the atmosphere, 
the absorber is charged with 30 ± 2 ml. of water, and the pressure in the vacuum 
manifold is maintained at approximately 40 cm. of water below atmospheric. When 
all adjustments have been made, remove the water from the absorbers. 

With the burner control valve closed, the valve to the vacuum regulator fully 
open, and the pressure in the vacuum manifold adjusted to approximately 40 cm. 
of water below atmospheric, turn on the purified air. Adjust the chimney manifold 
control valve so that, at the required flow through the absorber, only a small stream 
of air escapes at the pressure-relief valve, a small stream of air enters at the vacuum 
regulator, and the pressure in the chimney manifold is 1 to 2 cm. of water. 

When first assembling the apparatus, connect the gas sample line by means of 
glass or aluminum tubing to the inlet of the flowmeter. Connect the outlet of the 
flowmeter in a similar way to the lower side arm of the burner. Adjust the valve 
for controlling the rate of flow of gas so that gas is burned at a rate to liberate 
approximately 250 to 500 Btu per hour. This rate should be indicated by two 
index marks on the columns of the flowmeter. Make the primary air connection 
from the purified air line to the upper side arm of the burner by means of rubber 
or plastic tubing. 

Wash the spray trap, absorber, and chimney well with water before each test. 
Charge the larger bulb of the absorber with 10 ml. of Na 2 C0 3 solution 54 and 
20 ml. of water. Attach the spray trap and chimney, and connect them respectively 
to the vacuum line and to the purified air line by means of rubber or plastic tubing. 
Close the chimney opening by means of a cork. 

Procedure .— Before the beginning of each test, purge the flowmeter, burner, and 
connection with the gas sample, and light the flame on the burner. Adjust the 

S3 Tctrahydroxyquinone Indicator (THQ) ii obtainable from the Betz Laboratories, Inc., 
Gillingham and Worth Sts., Philadelphia 24, Pa. 

84 This quantity of Na 2 C0 3 solution is adequate to absorb the SOo from the combustion 
products of 1 cu. ft. of gas containing 15 grains of sulfur per 100 cu. ft. For higher 
concentrations of sulfur in the gas, the volume of Na 2 C0 3 solution should be proportion- 
ately increased, but the total initial liquid volume in the absorber should not exceed 30 ml. 
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the washings to the solution in the absorber. Add three drops of methyl orange 
indicator to the solution. Titrate the excess Na L ,CO., in the absorber with HC1 
to the meth\l orange end point, mixing die solution after each addition of acid 
b\ alternate sucking and blowing on one end of die absorber. 

Discharge the tan color of the acid methyl orange with a few drops of Na 2 C0 3 
solution, and add 50 ml. of ethyl or isopropyl alcohol. Add about 0.5 g. of tetra- 
hydroxyquinone indicator (THQ). After mixing the solution well, titrate with 
BaCl.. solution. After 1 or 2 ml. of the BaCl., solution have been added, add 1 ml. 
of 0.1 *Y AgNO s solution to intensify die rose color at the end point, and continue 
titration to the end point. The end point is reached when die color of the solu- 
tion changes from yellow to rose, which is persistent with good mixing. Note and 
record the \olume of BaCL solution required to produce the red color. 

Calculation of Results .— Calculate the concentration of sulfur in grains per 100 
standard cubic feet of gas from die results of the BaCl., titration, as follows: 

A — 0.2 

Sulfur concentration = — X 1.543, 

where A = milliliters of BaCb solution required for the titration, 

V = volume of sample burned, in standard cubic feet, and 
0.2 = blank subtracted from the BaCl> titer to allow for the titration end point. 

Precision and Accuracy .— The accuracy of die results of the determination de- 
pends on die accuracy with which the sample volume is metered as well as on 
the accuracy of the titration procedure. With care, when 1 cu. ft. of gas is burned, 
an absolute precision equivalent to ±0.1 grain of sulfur per 100 cu. ft. of gas 
should be attainable in the BaCl., titration, independent of die total quantity of 
sulfate present in the absorber. The oier-all accurac) should therefore be between 
±0.1 and ±0.7 grain of sulfur per 100 cu. ft., if metering accuracy of the ±2% 
is attained, o\er the concentration range to which the procedure is adaptable. 

The general procedure in ASTM Tentative Standard D1266-59T is similai to 
that just described, except diat a mixture of 30% ox\gen and 70% carbon dioxide 
is used for combustion in place of air; hydrogen peroxide solution is used as 
absorbent for the oxides of sulfur: and subsequent treatment is by titration with 
standard alkali. The use of the oxygen-carbon dioxide mixture prevents die forma- 
tion of oxides of nitrogen during combustion of the sample. These acidic constitu- 
ents would be absorbed in the absorbent and titrated as sulfur oxides. Barium 
chloride titration in D1072-56 precludes this error. 

With eidier method the sulfur oxides can be determined gravimetrically b\ 
precipitation as barium sulfate. 


OTHER METHODS 

Tor special applications other mediods for determining organic or total sulfur 
nia\ be applicable. For example, Lusby 5 « devised a procedure, useful with gases 
containing hydrogen such as carburetted water gas or coke-oven gas, in which 
organic sulfur compounds are reduced to ITS when the gas is passed over a heated 
platinum wire spiral. The hydrogen sulfide is then determined with a Tutweiler 
buret. 

Shaw - describes a method by which hydrogen sulfide and mercaptans can be 

I.usb\ . O. W., American Gas Association Proceedings. 193G, p. 752. 

■ r Sfiau, J. A., lnd. Eng. Chem.. Anal. Ed., 8, 162, 193G. 
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determined after absorbing them in a cadmium chloride solution using a special 
absorption bottle Precipitated cadmium sulfide or mercaptide is determined b 
decomposing luth acid iodine solution and back titrating with thiosulfate The 
method is applicable to gases from an) source or of an) composition 
Hakewill and Rueck 88 proposed a procedure for the determination of seieral 
tspes of organic sulfur compounds It makes use of selecme absorbents in sequence 
to remote different sulfur compounds H 2 S, COS, CS,, mercaptans, thiophenes are 
distinguished and determined b) this procedure 

WATER VAPOR 

The concentration of water \apor m natural gas assumes considerable importance 
in high pressure transmission of that material, and in the operation of dehumidi 
Ling equipment At temperatures presailing in transmission lines h)drates of 
saturated h)drocarbon gases ma) be formed if water sapor is present Deposits of 
the solid ll>drates can impede the flosv of gas, and are especially detrimental when 
formed in control equipment such as salses and regulators On the other hand 
in some utility distribution systems, the gas at low pressure is deliberately re 
humidified in order to protect die system from internal dust and to present drying 
out of some consumers meters 

DIRECT GRAVIMETRIC DETERMINATION 
A basic method, adaptable to a wide range of concentrations, consists of passing 
a metered sample of gas through a desiccant such as calcium chloride, or ‘De 
hsdrile ” Silica gel and actuated alumina are unsuitable because they will absoib 
hydrocarbons It is not adsisable to use perchlorate desiccants in the presence of 
combustible gases 

The apparatus consists of three glass desiccant tubes such as U tubes connected 
in series, followed by a test meter Gas is admitted to the drung train atsubstan 
tully atmospheric pressure One or more stages of pressure reduction will be 
required between a high pressure gas supph and the glass tubes If the presence 
of entrained water droplets in the sample is suspected preheating with a sample 
line heater to \aponze the droplets may be required 

\fter filling the desiccant tubes and connecting them in scries the air within 
the train is purged with gas under test After suitable purging and after adjusting 
the pressure within them to atmospheric, the first two tubes arc weighed on an 
analytical balance Upon reconnecting them and recording the initial meter read 
ing, gas is passed through the tubes at a slow rate "Meter temperature anh'hfe 
barometric pressure are recorded At the end of the test period, determined by 
the rate of gas floss and the estimated moisture content, the tubes are again dis- 
connected, adjusted to atmospheric pressure, and again weighed The meter read 
ing, temperature, and barometric pressure at die end of the test are recorded 
The concentration of water \apor in the sample is obtained by the expression 

1543 II r 
v • 

where C« = the concentration of water vapor, grains per 1 00 cu ft of dry' gas, 

IV = the total gain in weight of the two drying tubes, grams, 

V — the sample \ olume, cubic feet at standard temperature and pressure, dry 

98 Hakewill, H, and Rueck, E M, American Gas Association Proceedings 1916 p 529 
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The concentration can be converted to other units, such as per cent by volume, 
relative humidity, or dew point with the aid of psychrometric tables. 

DEW-POINT METHOD 

The dew-point temperature of a gaseous fuel is the temperature at which the 
gas is saturated with water vapor at the existing pressure. Therefore, the partial 
pressure of water vapor in the gas sample is the saturation vapor pressure of water 
at the measured dew point. 



Fig. 35-14. Bureau of Mines Dew-Point Apparatus. (Reproduced with permission from 
ASTM Standards, ASTM, Philadelphia, 1958.) 

ASTM Standard Method D 1142-58 59 describes the determination of the water 
vapor content of gaseous fuels by measurement of the dew-point temperature. The 
Bureau of Mines dew-point apparatus. Fig. 35-14, is recommended, although any 
properly constructed dew-point apparatus meeting the following requirements 
may be used. 

Means must be provided: (1) to permit a controlled flow of gas to enter and 
leave the apparatus while the apparatus is at a temperature at least 3°F. above the 
dew point of the gas; (2) to cool and to control the cooling rate of a portion (pref- 
erably a small portion) of the apparatus with which the flowing gas comes in con- 
tact to a temperature low enough to cause water vapor to condense from the gas: 
(3) to observe the deposition of dew on die cold portion of the apparatus; (4) to 
measure die temperature of the cold portion of the apparatus on which die dew 

Standard Method of Test for Water Vapor Content of Gaseous Fuels by Measurement 
of Dew-Point Temperature, D1 142-58, ASTM Standards, Part 8, p. 1235, American Society 
for Testing and Materials, Philadelphia, Pa., 1958. 
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stream. Instruments are available using this principle,* 52 with multiple “sensor 
heads to cover a wide range of humidity conditions. Deaton 63 -* 54 described a 
recording instrument of this kind, developed by the U. S. Bureau of Mines, which 
has been used to monitor continuously the water vapor concentration in high- 
pressure transmission lines. 

Operating in a similar manner, a water vapor detector developed by Weaver 05 
uses a film of a mixture of sulfuric and phosphoric acids on die surface of an 
insulator between tiro platinum electrodes. The electrical conductance of the film 
is an indication of the humidity of the gas to which it is exposed. 

NITROGEN COMPOUNDS 

In coke oven and manufactured gas practice it is at times necessary' to determine 
die concentration of ammonia, cyanogen or hydrocyanic acid, and certain nitrogen 
oxides which occur in these gases in small quantities. 

AMMONIA 

Ammonia is absorbed from a metered volume of gas in standard acid solution 
and die resulting solution titrated direcdy with alkali. 6 * 5 

Apparatus.— 'Two gas wash bottles are connected in series, and die outlet of the 
train connected to the inlet of a 0.1 cu. ft. wet test meter. 

Reagents. Standard Acid.— Add 1.25 to 1.5 ml. concentrated sulfuric acid to 
distillated water and make up to 2 1. in a volumetric flask. Standardize by precipi- 
tation of sulfate as BaS0 4 . 

Standard Alkali.— Dissolve 1.8 g. of sodium hydroxide in distillated water; make 
up to 2 1. in a volumetric flask. Stir until completely dissolved and well mixed. 
Standardize by comparing with the standard acid, using methyl orange indicator. 67 

Procedure.— By means of a buret, measure 25.0 ml. of the standard add into each 
of two gas scrubbing bottles; add a few drops of indicator; add enough water to 
obtain good scrubbing; connect the bottles and meter in series as described and 
connect the inlet of the train to the gas supply. Record the meter reading. Pass 
gas through the train at a rate of 0.5 to 0.6 cu. ft. per hour for 2 to 5 hours; turn 
off the gas and again record the meter reading. Transfer the solutions to a 400- 
rnl. beaker and titrate with standard acid or alkali until the end point is reached. 
The ammonia concentration in the gas is calculated by the expression 

(a - A)(0.0170)(15.43)(100) 

jA. t 

c 

where A’ = grains ammonia per hundred cubic feet of gas at 60°F., 30 in. Hg, saturated, 
a = milliequivalents of standard acid taken, 
h = milliequivalents of standard alkali used, and 
C = cubic feet of gas passed, corrected to 60°F., 30 in. Hg, saturated 

American Instrument Co., Silver Springs, Md. 

Deaton. 3V. M., American Gas Association Proceedings, p. 1062, 1953. 

64 Deaton, W. M.. and Frost. E. M„ Jr., U. S. Bureau of Mines, R.I. 3399, 1938. 

155 Weaver, E. R.. American Gas Association Proceedings, p. 476, 1956. 

X.B.S. Circular No. 48, Standard Methods of Gas Testing, 2nd ed.. 1916. 

67 Sodium alizarinstilfonate solution mav be used in place of methsl orange. One gram 
sodium alizarinsulfonate is dissolved in 100 ml. water, and the solution filtered. "The 
color changes from gieenish-yellow to light brown at the end point. Red is produced 
beyond the end point. 
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CYA\OGE\ AKD HYDROGEN CYANIDE 

These components are usually determined together because of the sunlantr 
of their chemical reactions and reported as HCN Many methods of determina 
non hate been described to meet special conditions However the folloi in® m 
gene rail) suitable procedure 

Reaction -HCN + H.iS0 4 + H->0 -> NH 4 HS0 4 + CO 

Procedure — Assemble gas purifying train so as to pass a stream of gas throu«h 
3 gas ashing bottles or test tubes and a meter Place 2d ml of 10% H SO 
solution in bottle No 1 to remo\e free NH 3 In each of the other two bottles, 
place 2o ml of concentrated H„S0 4 Purge sample line and pass representative 
stream of gas at rate of about 1 cu ft per hour until measurable amount of 
HCN is absorbed then disconnect train Observing safe practices transfer con 
centrated acid from last two bottles to a 1 liter kjeldahl flask containing about 
9 o0 ml of water Rinse bottles and add washings to flask Install flask in ammona 
distillation apparatus add excess of strong sodium hydroxide solution distil] and 
collect the ammonia in measured excess of 0 1 A H„S0 4 Titrate with 0 1 \ haOH 
using methyl red as indicator HCN content of gas is obtained from test data b 
expression 

G = /1(0 0027)(15 43)(100)/F 
_ 417 A 
V 

where G = grams HCN per 100 cu ft of gas, 

A — milliliters of standard acid consumed, 

0 0027 = gTams of HCN per milliliter of 0 1 A standard acid consumed 
V = volume of gas sample cubic feel at 60°F, 30 in Hg saturated 

This procedure is not recommended for carburetted water gas since concentrated 
sulfuric acid reacts with unsaturated h)drocarbons present It is applicable to 
blue gas However Seil 68 states that this is the simplest and most accurate of all 
standard methods All HCN and (CN), are hydrolyzed to ammonia whereas in 
methods depending on alkaline absorption all the HCN but only half die (CN) 
absorbed can enter into the reactions on which the methods are based Thus, 
higher results are usually obtained with the acid method than in others 

OXIDES OF NITROGEN 

Both nitric oxide NO and nitrogen dioxide NO have been found in minute 
concentrations in coke oven gas and in carburetted water gas They are also formed 
in combustion products and may assume some importance in atmospheric poll u 
tion In fuel gas purification practice it is not sufficient to remove the NO *it“ 
the presence of oxygen even in small concentrations will slowly convert the N 
present to nitrogen dioxide The latter reacts with unsaturated hydrocarbons to 
form gummv deposits in critical parts of consumers appliances and may ouse 
malfunctioning 

A number of analytical methods for determining NO have been proposed n 
all of them NO is oxidized to NO, which is subsequently determined colorimctn 
cally Air or oxygen hydrogen peroxide chromic acid or potassium permanganate 
have been used as oxidizing agent Either Griess reagent or m phenylenedia 

\ \ 19H 


Sell G E Drv Box Purification of Gas American Gas Association 
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is used for colorimetric determination. A shortcoming of all methods, however, 
seems to be incomplete conversion of NO or incomplete recovery of NOo formed. 
Even though calibration of the selected procedure would be required for correct 
results, comparative results without correction have usually been satisfactory in 
practice. 

Fulweiler G!) has described an apparatus and procedure which has been used 
primarily with carburetted water gas, or mixed gas distributed by utility companies, 
and seems to be the most reliable method. Nitric oxide present in the gas is 



Fig. 35-15. Apparatus for Nitric Oxide Determination. (Reproduced with permission 
from AGA Proceedings, American Gas Assn., New York, 1933.) 


oxidized to N0 2 by oxygen, which is mixed in equal parts with the gas containing 
the NO. There appears to be a catalytic effect by certain unsaturated components 
in the gas, and the conversion takes place with a reaction time much less than 
would be expected according to the normal reaction rate. Maximum recovery 
of NO, was experimentally determined to be obtained in about 2 minutes with 
most gases. 

Griess-Ilosvay reagent is used as the absorbent and colorimetric solution in pref- 
erence to m-phenylenediamine because of its greater sensitivity and stability. 
When properly prepared it is colorless, and may be kept in brown bottles for 
periods up to a year without deterioration. 

Apparatus (Fig. 35-15). 

1. Small, double piston, electrically driven gas pump used when gas pressure is 
irregular or not sufficient to overcome the back pressure of the apparatus. 

2. Glass cylinder filled with water to function as a constant pressure-regulating 
device for gas. 

3. Milligan gas washing bottle containing 1 to 1 KOH solution for removing 
HoS and other impurities. (Gakes containing an appreciable quantity of ammonia 
vapor are washed with normal H 2 S0 4 in a bottle preceding die KOH solution.) 

4. Cylindrical tube containing KOH pellets for further purification. 

5. Glass stopcock for regulating flow of gas. 

oo Fulweiler, IV. H., American Gas Association Proceedings, p. 829, 1933. 
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6 Gas flow meter 

7 Trap to protect mixing bottle (outlet of gas flow meter) 

8 Trap to protect mixing bottle (outlet of oxygen flow meter) 

9 Oxygen flow meter 

10 Glass stopcock for regulating flow of oxygen 

11 Glass cylinder filled with water to function as a constant pressure regulatin'' 
de\ ice for oxygen 

12 One half liter reaction bottle for mixture of oxygen and gas 

13 2o0 ml Erlenmeyer flask for receiwng washings of absorption tower 

14 Absorption tower filled with 4 mm glass beads 

15 Separator funnel for adding small increments of Gness reagent during test 

It is necessarv that the apparatus should be kept aery clean at all times and that 

at least once a week the reaction bottle and the absorbing tube and beads shoull 
be thoroughly denied with chromic acid cleaning mixture washed with distilled 
water and dried in an oven preferably an electric oven On the first test after 
cleaning the apparatus should be allowed to purge for one half hour 

Reagents Gness Reagent —Dilute 250 ml c p glacial acetic acid to 1 liter 
with nitrite free water 0 Dissohe 20 g of cp sulphanihc acid in 600 ml of this 
solution Solution is accelerated by heating the dilute acid 

Add 0 4 g of alpha naphthylamine to 200 ml of hot distilled water Cool and 
filter into 400 ml of the dilute acetic acid When both solutions have cooled 
mix and keep in brown glass stoppered bottles 

Standard Nitrite Solution —Dissohe 0 115 g NaNOo in 1 liter of nitritefrec 
distilled water After thorough mixing pipet 10 ml of this solution into a 1 liter 
volumetric flask and dilute to 1 liter with distilled water One ml standard 
NdNO_ solution = 1 X 10 6 g NO 

Procedure -Purge the apparatus for one hour before making a quantitative test 
This must be done especially after renewing the KOH purifying solution or pellets. 
Gas and oxygen flow are each adjusted to equal rates of 0 4 cu ft per hour as 
indie ited by the flowmeters As the test progresses add Griess reagent from the 
separatory funnel to the absorption tower in increments of about 10 ml eath 
10 minutes At the conclusion of the test shut off gas and oxygen floss hash 
the absorber with small portions of Gness reagent until it appears colorless 
Disconnect the Erlenmeyer flask and transfer the red colored solution to a hesskr 
or colorimeter tube Make volume up to the mark with Gness reagent With 
Nessler tubes compare the color with a series of known standards made up from 
stand ird sodium nitrite solution and Gness reagent If a colorimeter is used 
comp ire the absorbance of the unknown solution with that of a known staidard 
of nearly the same color 

Calculation —The concentration of NO in the gas is then calculated by tl> e 
expression 

NO (g per 10 6 cu ft ) = ~ X 10 -6 

where M = number of milliliters of standard nitrite solution giving same color intens t) 
as unknown, 

V — volume of gas passed dunng test, cubic feet 

™ It is necessary to observe great care with the purity of the reagents iiseil _ e *P^!j 
the distilled water AH reagents should be tested for the presence of oxides ot “fc 
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It was determined experimentally that the recovery of the nitric oxide varies 
somewhat with the concentration in the gas. To obtain a more nearly correct 
\alue, the following correction factors reported by Fuhveiler 08 may be used. 

Correction Factors for NO Determination 


Observed Concentration Correction 

NO (g. per 10 6 cu. ft.) Factor 

100 2.68 

75 2.87 

50 3.06 

25 3.25 

10 3.37 


However, for comparative purposes, using the same apparatus and procedure, the 
observed values are often sufficient for control purposes. 

Shaw’s 71 modification of the Schuftan 72 method is similar, except that a longer 
reaction time is provided. He has used his method only with coke-oven gas. 
Observed concentrations by the two methods cannot be compared because correc- 
tion factors differ. The Fuhveiler method has been applied to coke-oven gas, and 
is presumably adaptable to any manufactured gas. The necessary modification 
consists of adding butadiene to the reacting mixture of gas and oxygen at a con- 
centration of about 1% by volume in the mixture. The addition is made directly 
to the stream entering the reaction bottle. 

Hollings 73 describes the Guyer and Weber method 74 in which NO is oxidized 
by acidified potassium permanganate solution. Again, correction factors must be 
determined experimentally, and observed results cannot be compared with those 
obtained by other methods. Another difficulty encountered with this procedure is 
reaction of the permanganate with certain constituents of the gas, destroying the 
reagent. 


CARBON MONOXIDE 

Toxic quantities of carbon monoxide, CO, from combustion products of almost 
any combustible material, may enter the atmosphere and be a serious hazard in 
many localized situations. The concentrations of concern in this respect are less 
than 0.1% by volume, and in most cases are far below the limit of detection by 
\olumetric absorption procedures described earlier. Instruments and methods of 
detection for purposes considered here must be capable of reliable analysis to 
hundredths or thousandths of one per cent. 

TOXICITY AND HAZARDS OF CARBON MONOXIDE™’™ 

Carbon monoxide is an odorless gas. Although it may be at times associated, 
in products of incomplete combustion, with odorous products such as aldehydes 

ti Shaw, J. A., Ind. Eng. Chem., Anal. Ed., 8, 162, 1936. 

Schuftan, P., BrennstofT-Chemie, 13, 104, 1932. 

la Hollings, H„ Communication No. 147, Institution or Gas Engineers, London, 1936. 

74 Guyer, A., and Weber, R„ Biennstoff-Chetnie, 14, 405, 1933. 

76 Hamilton, A., and Hardy, H. L.. Industrial Toxicology, 2nd ed„ Paul B. Hoeber 
Inc., N. Y„ 1949. 

70 Hendeison, Y„ and Haggaul, W. H„ Noxious Gases and the Piinciples of Respitation 
Influencing Their Action, 2nd ed„ Reinhold Publishing Corp., N. Y„ 1943. 
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and alcohols the absence of odor gives no assurance that trace quantities of CO 
are not present 

Carbon monoxide is an asphyxiant entering the body by respiration In die 
blood stream it combines with hemoglobin driving oxygen out and thereby depm 
mg the body of its normal oxygen supply The affinity of hemoglobin for CO 
is many times as great as its affinity for oxygen and the product of react on u 
more stable The quantity of CO absorbed m the blood of a person exposed 10 
it and consequently the physiological effect depends on its concentration mar 
duration of exposure physical condition and activity of the person when exposed. 
Table 35 8 illustrates the effect on an average person of breathing air containin'' 
small percentages of CO 

Table 35 8 78 Physiological Effects of Small Concentrations of CO in Am 
CO Concentration 


ppm 

Per Cent 

100 

01 

400-500 

0 04-0 05 

600-700 

0 06-0 07 

1000-1200 

010-0 12 

4000 and over 

0 40 and over 


Effect 

Allowable concentration for several hours ex 
posure 

May be inhaled for one hour without appreci 
able effect 

Causes just appreciable effect (headache) after 
one hour exposure 

Unpleasant but not dangerous symptoms after 
one hour exposure 

Fatal with less than one hour exposure 


Table 35-9 indicates symptoms of carbon monoxide exposure 


Table 35-9 75 Symptoms of Carbon Monoxide Exposure 


Percentage of CO 
in Air 

Effects 

0 02 

Possibly headache, mild frontal in 2-3 hours 

0 04 

Headachy, .frontal- -and .nausea after 1 2 hours, ocop tal 

0 08 

after 2j— 3 2 hours 

Headache, dizziness, and nausea in J hour, collapse an 

0 16 

possibly unconsciousness m 2 hours 

Headache, dizziness, and nausea in 20 minutes, collapse 

0 32 

unconsciousness, possibly death m 2 hours 

Headache and dizziness in 5-10 minutes, unconsciousness 

0 64 

and danger of death in 30 minutes 

Headache and dizziness in 1-2 minutes, unconsciousness 

1 28 

and danger of death in 10-1 5 minutes 

Immediate effect unconsciousness and danger of dea 


1-3 minutes 
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IOD1METRIC (IODINE PENTOXIDE ) METHOD "• 7S . 79 > 80 
Iodine pentoxide oxidizes CO according to the equation 

I 2 0 5 + 5CO -» I* + 5C0 2) 

liberating iodine stoichiometrically which is absorbed in KI solution and titrated 
with standard sodium thiosulfate with starch indicator. Using a known sample 
volume, the concentration of CO present can be calculated. In determining the 
concentration of CO in combustion products of certain gas-burning appliances, 
the sample, not taken directly from a flue, is frequently diluted with air in the 



Fig. 35-1 G. Iodine Pentoxide Apparatus, Bureau of Standards Modifications. (Repro- 
duced with permission fiom Ameiican Gas Assn., New Yoik, 1933.) 


process of collection. The concentration in the combustion products alone, on 
an air-free basis, may be desired. The usual procedure is to determine the free 
ox) gen in die sample, and convert the analytical results to an air-lree basis. It can 
also be accomplished by determining C0 2 in the sample, if the concentration of 
COo in stoichiometric combustion products is known. 

A pparatus .— Figure 35-16 represents one form of apparatus used for the idio- 
metric determination of CO. 77 A resistance furnace, A, heats a porcelain tube 

77 Gas Chemists’ Handbook, 3rd ed., Ameiican Gas Association, N. Y., 1929. 

78 Teague, M. C., Ind. Eng. Cliem., 12, 964, 1920. 

78 Vandas eer, F. E., and Gregg, R. C„ Ameiican Gas Associauon Monthly, p. 469, 
August, 1929. 

80 Yandavecr, F. E., Gas, 5, 18, p. 24, October, 1942. 
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filled with palladium asbestos to 700-750°C through which purge gas enters the 
apparatus B and C form a mercury sealed trap The sample enters through the 
float valve D and £ which is shut off by the sample confining water when allot 
the sample has entered the apparatus A Greiner Friedrichs t)pe scrubber F is 
shown although glass bead towers have also been used This vessel contains a 
concentrated sulfuric acid potassium dichromate mixture to oxidize all combustible 
constituents other than CO which may be present in the sample There folios -s 
a P O drying tube J and the cylindrical bulb ] containing iodine pentoude 
supported on glass wool The Gomberg absorption bulb k containing hi solu 
tion and a second mercury trap L complete the train The acid dichromate solu 
tion is heated to 100"C by oil bath M The I 2 0 5 container is heated to 150 C 
b) the oil bath or thermostated electric heater N 
Reagents Chromic Acid —Concentrated cp sulfuric acid saturated with potas 
sium dichromate 

Iodine Pentoxide —The reaction bulb is filled with high punt) 1 sepa 
rated and dispersed with glass wool to prevent channeling It is conditioned anc 
stabilized b) purging two days at about 2I0°C with air or nitrogen followed by 
another two days at 150 C Prior to use some hi solution in the Gomberg ab 
sorber should show no trace of iodine after 2 or 3 hours purging when starch is 
added After this conditioning the I 0 0 may be used daily up to a year w th 
samples of reasonably small CO concentrations 9 80 

Potassium Iodide — A solution 10% by weight of hi in distilled water Fresh 
solution should show no trace of free iodine 

Sodium Thiosulfate— Approximate!) 0 001 normal solution is required lomain 
ing 0 2482 g ha 2 S O d 5H O per liter Allow to stabilize several weeks before 
standardizing against rcsubhmed iodine Chech the normality periodicall) 
Starch Indicator —Dissolve 1 g soluble starch in a little water Add to 2o0 ml 
of boiling water stir cool and decant clear starch solution 

Procedure —Purge the train thoroughly with CO free nitrogen Connect sample 
bulb to inlet so that it enters train through D Sample bulb is immersed in water 
in a suitable container Connect suction to outlet of tram Open stopcocks of 
sample bulb and stopcock of inlet to apparatus Adjust suction by observing 
bubbling in the Gomberg absorber Continue purge while part of sample is drawn 
through L then shut off When the sample is eompletel) drawn into apparatus 
water will cause float valve E to close At this point resume purge gas flow 
All combustibles other than CO are oxidized to CO_ by the chromic acid The 
gas stream is dried by the P O 0 CO is oxidized by 1,0 0 and liberated iodine is 
carried b) the gas stream into the hi solution vs here it is absorbed Continue 
purge until all liberated iodine has been recovered which may take from one half 
hour to an hour depending on the CO concentration 

At the end of the test period transfer the absorbent solution from the Gomberg 
bottle to an Erlenmcyer flask Wash the Gomberg bottle with distilled water an 
add washings to the flask Titrate with standard thiosulfate solution to the d s- 
appearance of blue color formed when starch solution is added 
Calculation — 


1 ml of 0 001 Na 2 S 2 0 3 = 0 0558 ml of CO (0°C , 760 mm ) 

ml ofNa 2 S 2 Q 3 X 0 0558 X 100 _ 


per cent CO in sample — 


volume of sample (ml at 0°C 760 mm ) 
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COLORIMETRIC METHOD 

A simple and rapid colorimetric test, highly useful in field or laboratory, has 
been developed by Shepherd and co-workers 81 at die National Bureau of Standards. 
It is capable of detecting and determining less than 1 part of carbon monoxide in 
5 X 10 s parts of air in 20 minutes; of detecting as little as 0.001% by volume in 
one minute; or of determining physiologically significant amounts (0.01 to 0.4%) 
in about a minute. Kits are now available 82 containing all necessary equipment, 
including sealed tubes of reagent ready to use. Shepherd says the indicator is silica 
gel impregnated with ammonium molybdate, sulfuric acid, and palladium sulfate. 
A yellow silicomolybdate complex is formed, which is reduced by CO when catalyti- 
cally influenced by palladium. The yellow color changes to shades of greenish blue 
when reduced, indicating the carbon monoxide concentration. 

Procedure— A laboratory' procedure is described 81 in which air to be tested is 
passed through a tube of indicator at 90 ml. per minute for a definite period. The 
color developed is compared with freshly prepared standards which are similar 
indicator tubes exposed to known amounts of carbon monoxide. In the range 0 to 
0.01% by volume, CO can be determined by this means with a reproducibility of 
0.0002% and probable accuracy of 0.001% or better. 

However, the field method, as represented by available kits, is probably the far 
more widely used. A 2-ounce aspirator bulb, equipped with a rate-controlling de- 
vice, is attached to one end of a prepared indicator tube immediately after break- 
ing off the tips of the glass tube. Air is drawn through the indicator with one or 
more squeezes of the bulb. The resulting color of the indicator is compared with a 
color chart supplied with the instrument, from which the CO concentration is read. 
With multiple squeezes a concentration as low as 0.001% can be measured. A 
maximum reading represents about 0.1% CO. 

THE HOOLAM1TE IODINE-PENTOXIDE INDICATOR (Fig. 35-16) 82 ' 8 * 

The Hoolamite indicator 85 is a small hand-operated device for detecting and 
estimating carbon monoxide in atmospheres often encountered around furnaces, 
in mines, or other confined places. It will show concentrations of 0.07% or more. 
The apparatus is simple, and no skill is required; anyone can make a test in about 
a minute. 

The indicator consists of a tube of activated charcoal through which the gas is 
drawn by means of a rubber hand bulb; this discharges through a small glass tube 
containing the Hoolamite, a white or light gray granular substance composed of 
iodine pentoxicle and fuming sulfuric acid on pumice granules. Interfering gases, 
if not present in large amounts, are removed by the charcoal; interfering dusts and 
mists are removed by cotton wool filters placed after the charcoal tube. 

At ordinary temperatures carbon monoxide is oxidized by the Hoolamite, and 
iodine is liberated. The granules become colored through increasing shades of 
bluish green, then brownish purple, or black, according to die concentration of 
the carbon monoxide. A comparison of the shade of blue-green produced with a 
permanent color scale placed beside die active tube enables one to estimate the 

si Shepherd, M., Anal. Chem., 19, 77, 1947. 

82 Mines Safety Appliances Co., Pittsburgh, Pa., United States Safety Service Co., Kansas 
City, Mo. 

s:i Hoover, C. R.. Itid. Eng. Chem., 13, 770, 1921. 

si Katz, S. H„ and Bloomfield, J. J„ Ind. Eng. Chem., 14, 304, 1922. 

ss Mines Safety Appliances Co., Pittsburgh, Pa. 
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concentration of the carbon monoxide from a loner limit of 0 07% to 1% or more 
Hie small glass tubes of Hoolamite are tapered at the ends and sealed against 
moisture which causes deterioration The tips are broken open and the tube in 
serted m place immediately before making a test 

INSTRUMENTS 

There are a number of instruments a\ailable on the market for the determina 
tion of carbon monoxide in air at the low concentrations of concern Portable 
indicating as well as recording models are produced Their reliability is high 
MSA Carbon Monoxide Indicator 8b — By means of a small pump a sample of 
air is drawn at fixed rate through a flowmeter and desiccant canmster into a 
catal)st chamber where CO is oxidized to 0_ In the presence of the catalyst 
Hopcalite the reaction takes place at room temperature Heat is released in 
proportion to the quantity of CO oxidized resulting in a temperature rise m the 
catalyst bed A series of thermocouples embedded in the catalyst register the tem 
perature rise on a milhv oltmeter calibrated to read directly in per cent CO The 
scale range is fiom 0 to 0 15% with divisions of 0 005% 

A recording instrument based on the same operating principle is manufactured M 
ind has found wide use One of ns earliest applications was for monitoring the 
c irbon monoxide m \ehicular tunnels 

LIRA 8 Carbon Monoxide Recorder— The absorption of infrared radiation bv 
carbon monoxide is us"d to produce an indication and record of CO in concentre 
tions of 0 to 0 1% with little instrumental delay 

In operation beams of infrared radiation of equal intensity pass through mo 
absorption cells One cell contains CO free air the other the sample to be analyzed 
Any CO in the sample absorbs radiation from the beam passing through it in pro- 
portion to the concentration 

If the infrared beam which has passed through the blank cell is then passed 
thiough a detector cell containing air with a small fixed amount of CO radiauon 
absorbed will cause a temperature rise in the detector cell The beam pass ng 
through the unknown sample will lose part of the energy which can be absorbed 
by CO Then in the detector cell the energy deficient beam will cause less tem 
perature rise than the beam which passed through the blank 

Ingenious design pros ides for combining the two beams in the detector cell in 
such a way as to gne a rapidly fluctuating temperature change A correspond ng 
sensor fluctuation is amplified and comerted to a signal proportional to the con 
centration of CO in the gas sample 

The versatility of the LIRA instrument is attractive in that appropriate selection 
of the detector cell will permit its use for detecting molecular species other than 
CO Very small concentrations of hydrocarbons in air can be detected 

s® Mmes Safety Appliances Co Pittsburgh Pa 
s LIRA stands for Luft Type Infra Red Analyser 
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GAS ANALYSIS- 
VACUUM TECHNIQUES 

By W. G. Guldner 

Bell Telephone Laborntoiies, Inc. 
Murray Hill, N. J. 


Introduction .— The presence of oxygen, hydrogen, nitrogen, and carbon in metals 
and alloys has been found, in many instances, to produce detrimental effects on the 
physical and electrical properties of these metals and alloys. The impurity level 
may vary greatly from a few parts per million to several thousand. In view of 
this, it has been necessary to de\ ise special apparatus for collecting, measuring, and 
analyzing these impurities. As the amount of gas normally available for analysis 
is relatively small, i.e., below the amount required for Orsat analysis, vacuum tech- 
niques have been found to be most suitable. 

The theoretical aspects relating to vacuum have been adequately covered by 
many scientists well qualified in their fields. Numerous texts have been published 
here and abroad covering many phases of vacuum technology' and applied tech- 
niques. The purpose of this chapter is not to review such detailed discussions, 
but to describe some of the vacuum techniques that have been useful in making 
analytical measurements, and, secondarily, to recommend that the interested reader 
refer to the principles of vacuum in such outstanding works as Dushman 1 and 
Reimann. 2 References to the application of vacuum techniques to analytical 
chemistry appear regularly in Chemical Abstracts and Transactions of the American 
Vacuum Society. 

Seldom will a specific design of apparatus fulfill all of the requirements of a 
laboratory, where accuracy, impurity range, time ol analysis, and cost are governing 
factors. The following summary describes the principles used in good vacuum 
practice, involving the means for: collection, measurement, and analysis of micro 
gas samples; injection of metal samples into a vacuum station; admission of gas 
to an evacuated system; devices for removing gas from glass and metal enclosed 
units; and methods for the determination of oxygen, hydrogen, nitrogen, and 
carbon in metals. 

Most metals contain carbon, oxygen, hydrogen, and nitrogen in either a free 
or combined state. When diese metals are heated in vacuum, gas is evolved that 
may contain carbon monoxide, carbon dioxide, hydrogen, water vapor, and hydro- 
carbons; such inert gases as nitrogen, helium, and argon may also be present. 

t Dushman, S., Production and Measurement of High Vacuum, General Electric Re- 
view, 1922; Vacuum Technique, John Wiley & Sons, New Yoik, 1949. 

2 Reimann, A. L., Vacuum Technique, Chapman and Hall, Ltd., London, 1952. 

15G3 
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Tliese gases are measured at reduced pressure and in the unit of cc mm (1 cc, at 
1 mm pressure) or micron liter Both terminologies are used for the same unt 
1 his unit is micro in dimensions as shown in Table 36 1 

Table 36 1 Weight Equivalents, 1 cc mu at 2d°C 


Gas Measured 

Sought 

Microgra 

CO* 

CO ? 

2 37 


C 

0 65 


o 2 

1 72 

CO 

CO 

1 51 


C 

0 65 


0 2 

0 86 

FLO 

h 2 o 

0 97 


h 2 

0 11 


o 2 

0 86 

O* 

o 2 

1 72 

Hi 

h 2 

Oil 

n 2 

n 2 

1 51 


COLLECTION MEASUREMENT, AND ANALYSIS OF MICRO 
GAS SAMPLES 

The most acceptable method for quantitatively measuring these gases excluding 
water is by means of a McLeod gauge 3 * This is an absolute pressure gauge that 
can be easily designed to obtain m iximum sensitivity and range for a given apph 
cation This gauge appears in several forms throughout this chapter and is used 
in linear and quadratic scale manner in die form of a capillary pipet where all 
the gas is confined m the bulb (see Vacuum Fusion Apparatus p 1580) and as 
a rotary Lippmcott design of gauge 

A low pressure micro gps analytical, aipijaratus was first, described by Langmuir 
additional modifications and improvements were made by Ryder 5 * Prescott 
Dalton 7 Norton 8 and others A good example of sucli an apparatus is shorn 
in Fig 36 21 p 1581 In general the apparatus consists of a McLeod gauge for 
the measurement of pressure in a known \olume In this manner the quant ty 
of gas pressure times volume (PV) is determined A mercury diffusion pump an 

3 See Methods of Measurement p 1587 under \acuum 1 usion Apparatus also ^ 
Hg 36 28 

♦ Langmuir I J Amer Chem Soc 34, 1310 1912 

5 Ryder H M J Amer Chem Soc 40, 16j6 1918 atU! 

« Prescott C H Jr J Amer Chem Soc 50, 3237 1928 with Morrison J *PP a 
for Microanalysis of Gas Ind Eng Chem Anal Ed 11, 230 1939 

r Dll ton R H J \mer Chem Soc 57, 2150 1935 28 

* Norton F J and Marshall A L Trans Am Inst Mining and Met Engrs 
1932 104, 136 1933 
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Toepler pump are used to collect and circulate the gas over suitable reagents In 
most cases where the amount of gas is small, mercury cutoffs are used in preference 
to stopcocks Stopcocks with oblique bore, hollow plug, and special grinding are 
satisfactory, howeter, when the ground surfaces are lubricated lightly with a suitable 
grade of Apiezon vacuum grease Several schemes for the analysis of gases at low 
pressure hate been proposed Most of these methods are based on the measure 
ment of the PV relationship, followed by the separation of a component in the gas 
mixture by reaction or absorption of the gas by a reagent, by fractional freezing, 
or by a combination of the two The resulting PV is subtracted from the former 
as a measuie of the component These are the methods that will be used in 
specific gas metal studies described hereafter 

The selection of the most suitable analytical method depends on the time le 
quired for analysis, precision, at affability of the equipment, and the composition 
of the gas mixtuie The most common methods employed for separation and 
measurement are by selectne absorption on solid reagents, fractional freezing, 
fractional distillation, diffusion, see p 1593, mass spectrometry, thermal conduc 
tiuty, and gas chromotography. 

SCHEME OF ANALYSIS 

The micro gas methods described here lniolie the use of selectne sorption and 
fractional fieezing The general scheme of analysis is shown in Table 36 2 

In the final summary, the total hydrogen found by analysis must be corrected by 
the amount added in Step 6. 

SEPARATION OF GASES BY FRACTIONAL FREEZING 
Rapid separations of gases at low pressures can be obtained through the use of 
liquid oxygen, liquid nitrogen, or dry ice In some special cases, sohent mushes 9 
aie employed The most common method for the separation of water \apor and 
carbon dioxide from other gases is as follows (1) circulate the gas mixture through 
a liquid nitrogen trap to freeze out the carbon dioxide and water tapor, (2) collect 
noncondensable gas in a pipet, (3) transfer the gas frozen out in the liquid nitrogen 
tiap to a closed end manometer by remowng the liquid nitrogen from the tiap and 
placing it about the end of the manometer The carbon dioxide and water tapoi 
aie then lecondensed in the end of the manometer 50 The mercury is raised in 
the manometei and dry ice is substituted for the liquid nitrogen The gas o\er the 
dry ice is caibon dioxide and the pressure is measured in millimeters of mercury 
and at a known tolume The carbon dioxide is remoted to pump, or for further 
identification by absorption m Ascante Close manometer, and (4) remote the 
diy ice from the end of the manometer and allow' the temperature to rise to 
ambient Compiess the water \apor to a known tolume and measure the piessure 
The piessure must be below' the tapor pressure of water at room temperatuie to 
assuie that the watei is all in the gas phase 

lliese are the gases that aie normally encountered in gas metal studies In 
most instances, the mixtuie does not hate moie than 3 gases, thereby simplifying 
the analysis and reducing the time The proceduies described abote are then used 

o Sanderson, R T \ acuum Manipulation of Volatile Compounds, John Miles K. Sons 
\cw Yoik 5I-'i 19-48 1 

in C.ul duel, \\ G, and Beach, A L. , Gasomctiic Method foi Determination of H\dro 
ecu in Caibon, Anal Chcm 26, 1199, 1954. 1 
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Table 36-2 Separation of 11:0, C0 2 , CO, H 2 , 0 2 , N 2 , and CH 4 

1 Separation by Fractional Freezing 
Liquid Nitrogen 


Condensable ] 

H,0 CO 

2 Transfer from trap to closed-end 
manometer® with liquid nitrogen, 
raise mercury column and replace 
nitrogen with dr\ ice, noncondens- 
able— COo 

Measure P\ 

3 Circulate CO o\er \scantc or 
remove to pump 

4 With manometer closed remove dr> 
ice — measure PV — H O 


Noncondensable 

co h 2 , o_, n 2 , ch 4 

5 CO, H 2l 0 2 , N 2i CH 4 
Measure PV 

6 Add measured amount of H 2 in excesi 
required to combine with the oxygen 
measure total PV 

7 Circulate gas over hot platinum nbbon 
and magnesium perchlorate 
Measure PV 

APV - 50, 

3 3 H 2 

8 Circulate gas over Ascante 
Measure PV 

APV = JO- 

SCO 

9 Circulate over copper oxide 320°C and 
magnesium perchlorate 
Measure PV 

APV = H 2 

10(a) Circulate over Ascante 
Measure PV 

APV = CO 

(b) Residual PV 

N2 — CH< 

1 1 Transfer gas to combustion pipet, add 
excess oxy'gen to combine with CH< 
compress to small volume and spark 

12 Circulate over magnesium perchlorate 
Measure PV 

PV - N 2 , 0 2 , co 2 

13 Circulate over Ascante 
Measure PV 

14 Residual PV (step 10(b)) minus CHi 
(Step 13) = N 2 


* For description of method, see footnote 10, p 1565 

in part Initially in the study of unknown samples, it is advisable to collect the 
gas in a sample bottle for analysis with a mass spectrometer In this way 
chemist can select the proper scheme of analysis Also, the residual or inert gas 
should be identified by the mass spectrometer 
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INJECTION OF METAL SAMPLES INTO A VACUUM STATION 

One of the advantages of vacuum techniques is that the sample or samples can 
be placed within the vacuum analytical station. After the apparatus has been 
properly conditioned, the sample can be injected into the furnace for analysis. 
In Fig. 36-1 and Fig. 36-2, sample loading arms for magnetic materials are shown. 



The metal sample is weighed and placed in one of the glass sidearms as shown, 
and then the glass tube is sealed off with a torch. Several samples can be loaded 
in the sidearms, and can be injected into a furnace for analysis when desired. 

When the sample material is nonmagnetic, it is placed in a magnetic cup, as 
shown in Fig. 36-3. This cup, made of iron, nickel, or Kovar, is lifted by means 
of a magnet. In this manner the cup is withdrawn from the sidearm and pulled 
to a position for dumping the sample. Figure 36-4 shows a technique for injecting 
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nonmagnetic samples \n lion slug is enclosed in a glass tubulation By mears 
of two platinum wires this tubulation is attached to a magnetic material that can 
be lifted up over a sample by means of a magnet The sample can then be pushed 
forward into the furnace The advantage of this unit is that the next sample 
cannot work into the furnace as a result of \ibration 
In some cises to admit a sample after the analytical station is under vacuum 
is an advantage This is necessarv in determining hvdrogen in steel, for example 



Fic 36 2 Sample Loading \rm for Magnetic Materials 


since hydrogen will diffuse from siccl when held under vacuum ^l 50 - an a 
tional sample can be admitted to the vacuum station and then analyzed ,mrn 
atelv This is a distinct advantage when the apparatus is used for control wo 
When the sample is not readilv wet or alloved with mercury, it may be adtnitt 
into the vacuum station through a mercury lift, Fig 36-5 When the apparatus 
evacuated the mercury rises in the tube to the barometric height, which u a ®^ 
up to the sidearm Fo introduce a sample into the station, pick up the 
with a pair of tweezers, immerse it in the mercury and under the vertical ^ 
\\ hen the sample is released, it will float to the top of the mercury column 
it can be moved readily, with a bar magnet, to any desired position . 

A magnetic or nonmagnetic sample can be admitted to a vacuum station ^ 

a vacuum lock 11 as shown in Fig 36 6 With the stopcock, Sj, closed, stopcoc , 

ii Also refer to the vacuum lock described in “Use of Stopcocks to provide a ' 3CU 
Lock,’ below, p 159Q 
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is opened to air to release die vacuum. The standard tapered joint, which has 
been waxed leak-tight with Apiezon wax “W,” is warmed with a soft Bunsen flame 
and removed. The sample is placed in a glass boat, which is fused to a glass- 
enclosed magnetic slug. The boat is inserted into the sidearm; die joint is replaced 
and sealed by warming the wax again, and with rotation under slight pressure. 



Fic. 36-3. Sample Loading Arm for Nonmagnetic Materials. 


When the wax is cool, turn stopcock S 2 to auxiliary vacuum. After evacuation, 
close S 2 and open S v By means of die magnet, push the boat containing the 
sample through the hole in the stopcock, and then rotate it to dump die sample 
out of the boat and into the analytical station. The boat is withdrawn, and S x is 
closed. This technique permits the admission of a sample to an evacuated system 
at any time without danger of contamination from stopcock grease. 

ADMISSION OF GAS TO AN EVACUATED SYSTEM 

It is often necessary to admit small amounts of gas to an evacuated system. Be- 
cause the pressure differential is considerable, 1 atm. or more, several basic schemes 
have been devised for admitting small amounts of gas, and eliminating the danger 
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of surging the mercury in '"'cuum system Figure 367 shows a \ery ton 
sement method for admitting a few cc mm of gas to an evacuated system. Voa 
gas companies can supply 1 liter bottles of gas at a pressure of 1 atm with brealo3 
tips To this bottle is sealed a tube containing a laute plug % in in diameter b 
>, m long When the gas is purchased in a soft lead glass bottle the laute pj a 
and assembly can be sealed to the bottle directly A similar laute plug « sea ]^ 



Fig 36-i Apparatus for Injecting "Nonmagnetic Materials 


into a lead glass tube and by means of a 7 step seal is attached to the hard glw 
analvtical station As shown the 2 plugs are separated by mercury Initialh At 
atr is evacuated between the breakoff up and the laute plug Then by 
of a gas torch seal off the glass restriction Raise the glass enclosed iron slug and 
allow it to drop on the fragile tip to release the gas from the bottle When gas® 
desired m the sacuum system raise the gas bottle until the 2 laute plugs are« 
physical contact Gas will slowly diffuse into the lacuum station until the bout 
is lowered to permit the mercurs to act as a cutoff . 

Another \ery simple means of admitting a small amount of gas to an evacua 
system is shown m Fjg 36 8 A special dosing stopcock S 1 is constructed, m a 
the bore of the plug does not extend all the way through The soluffle o 
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cavity can be calibrated. This stopcock is sealed to a gas bottle, A. With tire 
stopcock closed, evacuate the volume between the bottle and the stopcock, and seal 
off the glass restriction, C, with a torch. Then, raise the slug, B, with a magnet, 
and let it fall to fractuie the glass tip. Gas is admitted to the evacuated system by 
totating the plug. The pressure is measured with the manometer, D. 

A simple but practical way of admitting a small amount of gas to an evacuated 
system is shown in Fig. 36-9. The advantage of this technique is that a known 




quantity of gas can be admitted simply by calibrating the volume between the 
2 stopcocks. Close and open S 2 to evacuate. Then, close S 2 , open S ± to dry 
air or a gas volume at known pressure. Close Sj and open S 2 to the vacuum appa- 
latus. In this way a known quantity of gas at tempei ature T is admitted. 

Qcc mm. Pmm.Ecc,- 

In many instances, such as in gas sorption studies, it has been found necessary 
to admit gas at a slow and conti oiled rate from a reservoir, attached at A in Fig. 
36-10, to an evacuated system, attached at B. This technique uses a porcelain leak 
similar to that described by Smytlie 12 and Hagstrunt and Weinhart. 13 As shown in 
Fig. 36-10, a porous porcelain rod, through which the gas leaks from the reservoir, 
is about .055 in. in diameter, and 5 in. long. The leak is an underfired material, 
which can be obtained from Stupakoff Ceramic Co. It is sealed to a short section 
of No. 542 blue glass, which in turn is sealed to 7740 Pyrcx. The leak assembly 

nSmUhe, W. R., Rev. Sci. Inst. 7, 435, 193G. 

is Hagstrum, H. D., and Weinhart, H. W„ ibid., 21, 394, 1950. 
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is scaled to i mercury well at C to permit adjustment of the mercury !e\cl Tht 
resistance oflercd to the gas flow is proportional to the length wetted by the mcr 


To Vocuum 
Staton 



Storage 

Bottle 

lie 3l> 7 \dnmsiori ol Gas to an Ctacuated 
System 

cury and glass seal at the bottom of the rod Molnar and Hartman 14 determined 
the leak rate of this unit to be 

(1 X 10 13 )/> 

l molecules per second for nitrogen 

where / is expressed in centimeters and p is the pressure in millimeters of rBcrcur ' 
is Molnar J P and Hartman C D Res Sci Inst 21,395 1950 
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in the gas bottle. This flow rate depends on the outlet pressure being negligible 
as compared to the inlet pressure. 


5, S 2 



A 

I 


More recently, Morrison 15 described a technique for admitting gas to an evacu- 
ated system that is based on the same principle using the porcelain leak, but has 
several unique features. The advantages of this system are that the leak rate can 
be controlled in the range of 10,000 to 1; long 
mercury columns, to compensate for pressure dif- 
ferentials, are not required; gas reservoirs are used 
at atmospheric pressure; and the leak rate is held 
constant for many hours. As shown in Fig. 36-11, 
the apparatus consists of 2 leaks, each containing 
a porcelain rod of different diameter, in order to 
obtain a wide range of leak rates. In addition, 
the small diameter rod in leak No. 2 was ground 
to a tapered point. In this way a high capacity 
and wide flow range are obtained by using the 
2 leaks and 2 reservoirs in series. The first leak 
controls the pressure in a volume between the 2. 

This volume is set at a high or low pressure de- 
pending on the leak rate desired, the pressure 
being measured with a Pirani gauge. The leak 
rate is proportional to the pressure and the length 
of porcelain exposed to the gas. The mercury level 
about the leak can be changed by raising the glass 
skirt up or down in the mercury well. Initially the 
system is evacuated to a low pressure by pumping 
through the stopcocks, A and B, which open a by- 
pass of the leaks. After evacuation, close A and 
break the tip on the gas reservoir by raising the 
slug with a magnet and letting it fall. Close stop- 
cocks. B and C, and raise the plunger by means 
of a solenoid in the first leak to expose the porce- 
lain rod to the gas. The pressure is adjusted in 
the intermediate reservoir and measured with a Pirani gauge. Then leak No 1 
is cut off, and leak No. 2 is adjusted to the desired rate of flow. Such an apparatus 

is Morrison, J., Rev. Sci. Inst., 24, 230, 1953. 



B 


Fig. 36-10. Porcelain Leak. 
(Courtesy The Review of Scien- 
tific Instillments, American In- 
stitute of Physics, New Yoik.) 
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is very useful in determining tire amount of gas sorbed by metals or evaporated 
metal films. 

A capillary leak 10 for admitting gas to an evacuated system at a controlled rate 
is shown in Fig. 36-12. After evacuation of the entire apparatus to the main pump 
connected to S v the mercury is raised in the capillary column to the point of 
cutoff by opening S 5 to air. Gas is admitted to the 5-1. volume, V, to a desired 
pressure by raising the gas bottle, H, to permit the gas to diffuse through the 
ceramic plugs. The mercury is raised to the level of cutoff at B. Then the pres- 
sure is measured by the McLeod gauge, M v The gas is admitted from V to the 
\acuum section containing the sample, E, at a desired rate, by means of the capil- 
laries. This is accomplished by opening stopcock S- to a manifold connected to the 
auxiliary vacuum at S n to lower the mercury to a level so v that the gas will flow 
from V through capillary C v C 1 plus C 2 , or C 2 plus C. 2 plus C ;{ . Each capillary is 
about 13 cm. long and .06 cm. I.D. The capillary, C v is calibrated by admitting 
pure dry gas to V until the pressure is about 0.1 mm. The mercury level in the 
capillaries is then lowered so that the gas leaks from V through C-, to pump. The 
pressure drop in V is measured as a function of time. Repeat this procedure for 
Cj plus C 2 and C x plus C 2 plus C 3 . The rate of flow, Q, of a perfect gas from 
volume, V, at pressure, P v is experimentally determined from 

0 = _ d{ ^ V) L»i 

dt dt 


where Q is in cc. mm. per minute when p\ is expressed in millimeters, and V in cubic 

. dfr i 

centimeters. For pure diffusion now 17 is a simple function of pi when p 2 , the pressure 
on the pump side, is much less than p h i.e., 




where 7 is the pumping admittance of the capillary, and is a function of the tem- 
perature and molecular weight of the gas. Integrating, 


y 

logiopi = logntfo — (/ - to) 

where the subscript zero designates initial values of /z, and t. Thus the admittance, 
7 , of the capillary is determined from the slope of the straight line obtained from 
a plot of log 10 />j vs. t. Then Q = 7 -/; cc. mm. per minute. After the capillaries 
have been calibrated for 1 gas, the admittance, 7 , may be calculated for any other 
ideal gas, since 7 varies inversely with the square root of the molecular weight. 
Thus 


72 VdA 
7i VlG 

10 Guldncr, W. G., and Wooten, L. A., The Sorption of Gases by Zirconium T Elec 
Chcm. Soc., 93, 223-35, 1948. ’ 

it Dushman, S., Production and Measurement of High Vacuum, General Electric Review 
Schenectady, N. Y„ 30-33, 1922. 
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In normal use the pressure m V is recorded after 1 hr BO mm or 20 rain dt 
pending on the number of capillaries in use 


DEVICES FOR OBTAINING GAS FROM CLOSED CONTAINERS 

Very often the application of a good mechanical deuce for collecting gas [tom 
a simple contained in a glass or metal envelope is the first step toward a successful 
experiment Many ingenious devices have been described 



fir 36 13 Fragile Break Oft Tip 


The use of a fragile tip or thin walled bulb has been described 18 19 and is si nun 
in Fig 36 13 These fragile tips can be attached initially to a manifold for col 
lecting gas to a vacuum tube or to a similar device for collection of a gas sample 
This tubulation may be sealed to an analytical station and the gas released then 
desired by simply breaking the tip with the glass enclosed metal slug 

In Fig 36 14 a rotating stopcock 29 is used for fracturing a fragile tip A tube 
containing the gas sample consists of a thin walled ip 
which may be lightly marked with a file scratch T1 
tube is inserted at A and waxed with Apiezon wax W 
or similar high vacuum wax The fragile tip is broken 
off by simply rotating the stopcock The eccentric end 
of the stem exerts a side pressure on the fragile tip w 
the point of fracture 

In many gas studies it has been found necessa j io 
obtain gas from a glass envelope or vacuum tube 1 
some cases this can be readily accomplished by dropping 
a metal slug on a grid or seal off tip * Stronger c 
velopes are broken readily in the apparatus shot 1 1 
Fig 36 15 In this apparatus 2 the vacuum tube is placed 
in the metal to glass env elope The tapered jo m 5 

waxed vacuum tight with Apiezon wax \\ The tubu 
lation is evacuated and the stopcock is closed The 
copper or steel outer tube is squeezed in a vise to bret 
the glass envelope Steel tubing 2 5 in in diameter 18 in long (bOinwallthd 
ness and copper tubing with a 030 in wall have been found satisfactory Figu fe 



I ig 36 14 Rotiling Stop 
cock for fracturing Tip 


i® Tarkas A and Mehtlle H It Experimental Methods in Cas Reactions Macffll 
London 148 1939 

19 Barr E and Anhorn \ J Scientific and Industna! Glass Blowing and Lai onto 
Techniques Instruments Publishing Co Inc Pittsburgh 245 I9 j9 j 

0 Sanderson R T Vacuum Manipulation of Volatile Compounds Join * |C > 
Sons Inc New Vork 67 1943 . 

21 Morrison J Gas Collection and Analysis System in \ acuum Tube Pr° c 
Vacuum Symposium Transactions 19 j7 

22 Norton T J Rev Sci Inst 26, 238 1955 





1578 GAS ANALYSIS— A ACL’UM TECHNIQUES 

36 16 shov s a device 3 for breaking tubulations by means of a glass ball joint Tlu 
unit maj be constructed in \arious sizes The inner sample tube is broken U 
flexing the greased ball joint through a small angle In a similar manner a met,! 
bellov s which is attached to the vacuum station with glass to metal seals is used. 

\ sen functional unit for fracturing a glass tip is shown m Fig 36 lj Tin 
apparatus makes use of a ball t\pe vacuum metal valve (manufactured by \acuu-a 
Electronic Engineering Co LI \ \ ) The lateral motion of this valve u car 



Fio 36 17 Metal \ahe for Fracturing Glass Fic 36 18 Metal Punching Dev ct f 
Tubulations Metal Encapsulations 


ried out bv means of a sense acting on a ball salse Leakage about the seres 
mechanism is presented b\ operating inside a metal bellows The glass upon il 
desice projects into the salve between the ball and seat and is held m P !ace 
means of a spring located at the bottom of the glass envelope The glass envelop? 
is designed to fit the device under test so as to minimize the dead space volume 

Since mans devices are in metal containers ie vacuum tubes transistors eon 
densers relays and switches the chemist is often confronted with the problem® 
determining the gas content or purity within the envelope In many cases tf 
dead space volume in the device is verv small which means that a vacuum t 
sampling technique must be used Figure 36-18 shows a mechanical unit twin 
capable of piercing the steel can with a needle to release the gas for anal 1 

2» Norton F J Rev Sci Inst 20 6^0 1049 . 01fl . 

" 4 Francois E E and Becker E I Memorandum Iot File Bell Telephone Law 
19_>9 
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This unit was designed for piercing, under vacuum, the envelope of miniature 
electron detices, which have a total volume of about 5 cc. A Sylphon bellows is 
employed as a vacuum-tight shield that will permit the translation of the piercing 
motion. The turnpost is attached to the inner race of the bearing, and screws 
through the piston housing. When the turnpost is screwed through the piston 
housing, a foice is translated to the needle to pierce 
the shell of the electron device. After piercing the 
can, the needle is withdrawn to allow the gas to be 
pumped out for analysis. The next sample can be 
readily inserted by removing 4 screws in the end 
plate. Units of larger dimensions may be pierced 
for analysis in a similar manner. 

A device 23 for breaking open sealed electronic 
devices is shown in Fig. 36-19. Steel rods A and B 
are fitted to slide easily within the glass sidearms. 

The solenoids C and D are wired to activate simul- 
taneously. Rod B is pulled up sharply to rap the 
glass envelope, and at the same time, rod A, which 
was resting on the glass, is pulled downward. In 
this way, the envelope is more effectively broken 
with a minimum of shock to the apparatus. After 
the solenoids are de-energized, rod B drops back on 
the coil spring. Several variations of this design 
hate been used; for example, a needle point has been 
used to pierce a metal envelope. 

In some studies, it is necessary to devise a means 
of drilling under vacuum to release gas from a hole 
or blister in the metal, or from an extremely heavy 
walled unit. The selection of the best means for 
accomplishing this depends upon the amount of gas 
encountered and the precision desired. Rotational 

seals for diilling have included lubricated ground l^ 10 ' Use of Solenoids 

.. . ~ , for liactunng Glass Enclo- 

joints or shafts, and rubber or plastic materials such S ures. (Cointesy The Insti- 

as “O” rings under compression. The drilling may tute of Physics and the Phys- 
be cariied out in an inert gas to minimize contami- * ca ' Society, London, England.) 
nation from leaks, and then the total gas is collected 

for analysis. Figure 36-20 20 shows a scheme where the surface tension of liquid 
metal is utilized in making high vacuum seals about a rotating shaft. Here, the 
eutectic alloy of Ga, In, and Sn, which is molten at room temperature and has an 
extremely low vapor pressure, is used. 

25 Chailton, M. G„ and Perkin, G. M. C., Method for Breaking Open Sealed Electionic 
Deuces in Vacuo, ]. Sci. Instr., 36, 49, 1959. 

20 Milleion, N., Utilization of the Surface Tension of Liquid Metals in Making High- 
Vacuum Seals, Vacuum Sunposium Transactions, Pergamon Press, Inc., Oxford and New 
Volk, 38, 1937. riguie 36-20 is lepioduced with permission of the copsright owner. 
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shown in complete detail in Fig 36 22 The furnace bod) is constructed of boro 
silicate glass and consists of a removable glass ground joint at the bottom side 
arms for magneticalh lifting the graphite plug from the crucible and for injecting 
the metal samples an optical flat to permit die measurement of the temperature 
m the crucible bt means of an optical pvrometer and an etacuation port which 
is connected to the high speed collecting mercury diffusion pump 



Fic 36 22 \ acuum Fusion Furnace (1) Glass rurnace Bods (2) Specimen Pusher 1 3) 

Magnetic Control (4) Quartz Tube (a) Crucible Mires Phlmuni (6) Crucible Cap 
i7) Crucible Plug (8) Crucible Plug Handle (9) Crucible (10) Funnel (II) Funnel U 
dor loading onl>) (12) Blower Assembli (13) Blower Air Guide (14) rurnace Clamp 
(li) Crucible Fork (Cor introducing sample) (16) Crucible Remoter (Cor temowng cm 
able) (17) Loading Pusher (18) Sight Glass Radiation Shield (19) Induction Coil (- 1 
Graphite Powder (21) Spring (22) Pmm Assembh (23) Lower rurnace Flu" (~ ) 
Furnace Head Onl) (2a) Molybdenum Wire C03a in b\ 5 fi long (26) Graphite Powoe 
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Within the furnace, a clear quartz or Vycor tube is supported. It is suspended 
from die glass ears on the injection tube by platinum wire hooks, .050 in. diameter 
wire, which hook into 2 holes in the quartz tube located diametrically opposite. 
Within the quartz tube, a graphite crucible floats in graphite powder, the crucible 
being the conductor for the high frequency induction heating, and the graphite 
powder, the insulator. 



Loading the Crucible Assembly.— Place about l’A in. of sub-250 mesh, AUX 
halogen treated, graphite powder (obtainable from United Carbon Co., Bay City, 
Michigan) in the bottom of the quartz tube; insert the graphite crucible, Fig. 36-23, 
into the graphite powder being careful to keep the walls of the crucible coaxial 
to those of the quartz tube; place a metal or glass cover over the crucible to keep 
powder from falling into the crucible and act as a jig for centering it in the quartz 
tube; and pour in graphite powder until it reaches the top 
of the crucible. Remove cover and insert the graphite 
funnel, Fig. 36-24. Replace cover, and add graphite powder 
until it reaches the top of the graphite funnel. Remove 
cover, insert a glass tube into the crucible, and blow out 
any powder. When it is necessary to avoid excessive spatter- 
ing of metal to the furnace walls, place the Vycor shield on 
top of the quartz tube so that die notches in the base lit over 
the platinum wires. All precautions must be used to avoid 
[lacking of the graphite powder, through excessive tapping 
or vibration. This will cause poor insulation and difficulty 
in evacuation, i.e., powder will blow out during evacuation 
or initial heating. 

Assembling die Furnace.— Insert the hooks of the lifting 
rod, Fig. 36-25, into the 2 loops of the platinum wire, and 
carefully lift the assembly into place, making sure that the 
platinum loops are secure over the glass ears of the injection 
tube. Adjustments to the platinum wires may be required 
to make the assembly bang straight in the furnace. Removal 
of this assembly is carried out by means of die crucible re- 
mover shown in Fig. 36-26. At die bottom of the furnace, warm the inner joint in 
a soft Bunsen flame, and apply a thin uniform coat of Apiezon wax “W.” Warm 
the outer-joint; insert the waxed joint, and rotate it with light pressure until it is 
well seated. Hold the plug tightly in place until die wax has cooled. Adjust the 
induction heating coil so that the top coil is at the same level as the top of the 
graphite crucible. 



Fic. 36-24. Graphite 
Funnel. 
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sifted to remove the dust, and outgassed initially at 230°C. for several hours in 
vacuum to remove the water vapor. This reagent is used at room temperature. 
Thereafter, only short periods of outgassing are required after the reagents have 
been exposed to dry air during a loading period. 

Both reagents are heated by means of Glascol heaters that surround the glass 
traps. The temperature of these traps is measured with an iron-constantan thermo- 
couple, which is connected to a low resistance microameter. 

Liquid Nitiogen .— Liquid nitrogen is used about the double trap, J, to freeze out 
the condensable gas, carbon dioxide. In some areas where liquid nitrogen is not 
readily available, Ascarite is used to remove the carbon dioxide. This reagent 
should be baked at 200°C. prior to use. It is then used for analysis at loom tem- 
perature. 

Induction Heater and Coil.— The graphite crucible is heated by means of a high 
frequency vacuum tube oscillator, about 2 kw. output with a frequency of 350 to 
500 kc. The heater coil consists of 1 1 turns of ’4 in. copper tubing, closely wound 
and cooled with water. The coil has an inside diameter of about 316 in., which 
provides adequate clearance about the glass furnace. 

Evacuation of the Apparatus.— In the evacuation of the apparatus, the mercury 
in the cutoff columns will rise. This rise is counteracted by means of a rough 
secondary vacuum to keep the mercury far below the points of cutoff, and to 
allow adequate degassing of the glass walls. The 3-way stopcocks connect the 
apparatus to the secondary vacuum to lower the columns, and can be turned to 
air to permit the mercury to rise in the columns. 

To evacuate the system, close the Hills-McCanna main valve located between 
the apparatus and main pump, turn all 3-way stopcocks to the horizontal position 
and open to air, close air release valve above DP 3 , and turn on the mechanical 
pumps. With extreme caution, open main valve above diffusion pump very slowly 
until the mercury begins to rise in the columns. Continue to evacuate slowly for 
at least 10 min. If the pumpdown is too rapid, the carbon powder will fluff and 
may be blown about the system. Keep all mercury columns below the point of 
cutoff by periodically turning the 3-way stopcocks to the secondary vacuum. This 
is especially true in C 3 , C-, and C c . When no further upward movement of 
mercury in the tubes is visible, and the pressure is less than 1 mm. (a reading of 
200 on the quadratic scale of the McLeod gauge), open main valve fully. Turn 
on water for diffusion pumps, induction coil, and electronic heater. Then turn 
on heaters for the diffusions pumps. After about 1 hr., no pressure should be 
observed when a reading is taken with the McLeod gauge. 

Outgassing the Crucible.— It is essential that the graphite crucible and powder 
be outgassed very slowly to avoid fluffing out the graphite powder. Turn on the 
air blower for the furnace, and very slowly advance the power of the oscillator 
until the crucible reaches a temperature of about 2500°C. (One hr. temperature 
tise required for safe evacuation.) Continue heating at 2500°C. for 2 to 3 hr., 
or until a tolerable blank has been obtained. 

Blank.— The blank determination consists of the amount of gas evolved from the 
system at a temperature and heating time of the sample. The maximum differential 
between outgassing and fusion temperature is desired. The temperature required 
for fusion is dependent on the melting point of the metal being analyzed and 
the fusion bath. Most analyses are made between 1650° and 1900°C. 

It has been found that 20 min. is adequate for collecting the gas from a sample, 
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and that the time never exceeds 30 mm A suitable blank should be of the order 
of o cc mm of gas for 30 min at 16oO'C Small blanks can be obtained with 
extensive care and the significance minimized by increasing the sample wei»hi 

Outgassing of Reagents — Outgas reagents at temperatures described under re 
agents until little or no blank is obtained Use the copper oxide mixture at 32a*C 
and the magnesium perchlor ite at ambient 

Collection of Gas Blank Check the pressure mth the McLeod gauge to be sure 
the svsltm ins a good \acuum close all mercury cutofFs except C 1 raise the tern 
per mire of the crucible to operating or fusion temperature and turn on time 
snitch (fusion time 20 to 30 min) Immedntel) close Cj and C, , open C and 
loner (lie merttin in the Toepler pump T below the bulb When the timer 
buzzes close cutoff C_ and open Cj \djust the mercury lesel in the McLeod gau«c 
to a point just below the bulb that is between the point of cutofF and the cipilhn 
input from the Toepler Pump the gas with the Toepler pump into the McLeod 
giugc until further pumping shows no increase in pressure The Toepler is oper 
ated b\ opening the 3 way stopcock S 3 to air which lets the mercury rise in the 
bulb and forces the gas over into the McLeod gauge When the mercury spills o\er 
into the gauge the stopcock is opened to \acuum until the mercury is again below 
the Toepler bulb I hen this ode is repeated until all the gas is collected 
Measure the pressure Analyze as described below 

Analysis of Sample for Oxygen Hydrogen and Nitrogen —The analysis ol a 
sample for oxygen hulrogen and nitrogen should be carried out at the same time 
anti temper iture as for the blank 

Eiacuatc the residual gases in the T< epler pump after the analysis of the blank 
and return mercury from r to by opening S to air Proceed for analysis of 
sample by closing Cj ( 4 C 7 ( H C 9 C, 0 and C n and lease all other cutoffs open 
The special mercury cutoff C c for addition of gases is left in cutoff position always 
unless otherwise prescribed 

\djust the furnace temperature for fusion as indicated by an optical pyrometer 
adjust timer to the same time as that used lor the blank inject sample from load 
ing arm either by a magnet or a magnetic pusher and collect gas as described 
under blank Measure P\ collected (Refer to Methods of Measurement 
below p 1587 ) 

To make an analysis close cutoff C raise the mercury in the Toepler pump 
above the point of cutofF open cutofFs C 4 and C 7 and raise the Dewar flask con 
taming liquid nitrogen about the cold traps Then lower the mercury in the 
Mel eotf gu uge AvrAs-w efte pmttt <tl eatetfS i<t permit the g’W to be pumped mi u y v 
die mercury diffusion pump and o\er the reagents Mter about 3 mm check the 
McLeod gauge reading until no differential is detected and raise the mercury in 
the Me! cod gauge just ibo\e the point of cutoff Open cutoff ( )0 to allow the 
gas to be recirculated over the reagents by means of the diffusion pump M cr 
circulating the gas for at least 5 min the time for a specific apparatus being 
dependent on the sensitivity of die reagents and the amount of gas present dose 
cutoff C, and losver the mercury in the Toepler pump below the point of cutolf 
After about 5 mm pump the gas with the Toejaler into the McLeod gauge until 
a constant reading is obtained Record lalue which is a measure of the nitrogen 
I ease the gas m the McLeod gauge with the mercury just above the point of cuto 
and remove the Dewar flask from the cold trips With the Toepler pump open 
as before wait about 10 mm and then pump the cirbon dioxide into the McLtoi 
umd the rcidmg is const uit lhc gain ovc_r the mtro 0 en value is i measure o 
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the carbon dioxide. The total gas evolved by the sample, less the nitrogen and 
carbon dioxide, provides a value for the hydrogen. The values on the analysis of 
the gas sample are all corrected by a similar analysis of the blank. 

Analysis for Oxyen and Nitrogen (Only).— In some instances, hydrogen is of no 
interest. Then, it is possible to shorten the time required for analysis in the 
following manner: check vacuum in the apparatus 


with a McLeod gauge, raise cutoffs Ci, C-, C 8 , C 9 , 
and C n , and the mercury in the Toepler pump to 
point of cutoff; open Co, C 4 , C 10 . This permits the 
gas evolved from the sample to bypass the Toepler 
pump and be circulated over the reagents, re- 
moving the hydrogen and freezing out the carbon 
dioxide in the cold traps. The general procedure 
described for complete analysis is repeated with 
the residual gas, nitrogen being collected and 
measured in the McLeod gauge. The carbon di- 
oxide is then released as before and collected with 
the nitrogen. The difference in the amount is 
equal to the carbon dioxide. A blank determi- 
nation is carried out in like manner and suitable 
corrections are applied. 

Analysis for Oxygen (Only).— Proceed as de- 
scribed for oxygen and nitrogen except for the 
following modification. After the sample has been 
fused for about 10 min., and the bulk of the carbon 
dioxide has been collected in the cold traps, open 
cutoff C n , which allows the residual gas nitrogen 
to be pumped out. At the end of the fusion period, 
close C 2 and C n , and collect and measure the 
amount of carbon dioxide in the usual manner. 
This procedure is not recommended for high pre- 
cision work, since small losses may occur due to 
restricted recirculation over the reagents. Small 
amounts of carbon monoxide, which is the most 
difficult gas to oxidize with the copper oxide, might 
be lost as a noncondensable gas in conjunction with 
the nitrogen to pump. 

Analysis for Nitrogen (Only).— When nitrogen is 
the only interest, proceed as described under oxy- 
gen and nitrogen. Pump the nitrogen with the 



Toepler pump into the McLeod gauge, and meas- Fig. 36-28. McLeod Gauge. 


ure. Remove the Dewar flask from the cold trap, 

and open the cutoffs in the system for complete evacuation. 

Methods of Measurement.— In this apparatus, the McLeod gauge. Fig. 36-28, is 
used for measuring the pressure. This gauge is unique for it can be used as a 
capillary pipet, a multi-range gauge with extra volumes, and with quadratic or 
linear scale.- 0 The volumes of the capillary tubing per unit length and the bulbs 


- 3 Dushman, S., Production and Measurement of High Vacuum, General Electric Re- 
view, Schenectady, X. Y., 1922; Scientific Foundations of Vacuum Techniques, John Wiley 
and Sons, Inc., New York, 1949. 
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Gas Compressed to Point T. 


Qcc.mm. 


V 

V + V, + v 2 +v 3 


XkiX V T 


where V T is the total volume occupied by the gas, including the volume of the 
gauge and external volume or volumes. 

Gas Compressed to Point M. 


Qcc.mm- 

Gas Compressed to Point B. 


V + Vi 


V+ H + V, + V, 


V + Vi + U 
V + V i + V 2 + V 3 


XhXV T 


X hi X V T 


Calculations.— The quantity of each gas has been measured in units of PV 
(cc. mm.) and corrected by the blank. The percentage of each gas in the sample 
is calculated, at an ambient temperature of 25°C., as follows: 


Nitrogen (measured directly as Ns) 

cc. mm. X 1.507 X 10 ~ 4 T 

, r-r - 7 7 - = N 2 , per cent 

sample weight (grams) 

Oxygen (converted to GO and measured as COo) 

cc. mm. X 8.605 X 10 ~ 3 ^ 

sample weight (grams) 2 ’ ^ 

Hydrogen (converted to water vapor and adsorbed, hydrogen determined by difference) 

cc. mm. X 1.084 X lO -5 

— — 7 - = H 2 , per cent 

sample weight (grams) 

If the measurements are made at some temperature other than 25°C., the factor 
equivalent will change inversely, proportional to the ratio of the absolute tempera- 
tures, 


Tjs 

T* 

Introduction of Samples to Apparatus While Under Vacuum. Mercury Lift (for 
Non-Mercury Alloying Samples).— A mercury lift is shown in Fig. 36-5, and is used 
to admit a sample to the apparatus, which is already under vacuum. The lift 
consists of a glass tube attached to the sample loading arm, and extending down 
to an open vessel containing mercury. The column must be in excess of 760 mm. 
in height to prevent mercury from flowing into the sidearm. When the apparatus 
is under vacuum, the mercury rises through the open end of the tube up near the 
sample loading arm. To inject a sample, hold it in special nonalloying tongs, 
and slip it beneath the surface of the mercury and under the mercury column. 
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Release the sample and it will use m die mercury column Light samples urn 
need coaxing with a magnet When the sample reaches the top of the mercury 
column remote it by means ot a magnet, to the loading arm after shaking off am 
globules of mercury \i the time of injection close C 2 and open C t to pump out 
an) minute air occlusion When the material is nonmagnetic, wap the sample 
null iron wire hasing a known gas content The principal need for a mercun 
lift is to obtain accurate results for hvdrogen in steel In a vacuum and at room 
temperature the bulk of the h)drogen m steel and a few other metals will diffuse 
out m a comparatively short time Therefore the samples cannot be loaded in 
the suit irm in the usual manner but must be injected through the mercury lift 
just prior to analysis 

Lse of Jamesbury Vahe 30 — \ unique and practical way to admit samples to a 
loading arm while the apparatus is under vacuum is shown in Fig 36 29 It is 



t)pc basing a port large enough to admit the sample chunks The metal stem 
and ball base seals adequate to hold a \acuum without lubrication 

To admit a simple to the loading arm remote rubber stopper 9 drop in the 
sample, replace the stopper, open valve 5 to secondary vacuum, and evacuate 
Then close salve 5 With tiie crucible in the vacuum fusion furnace at room 
temperature, turn valve i to admit sample from vacuum lock to sample loading 
arm, 1 Close valve to vacuum lock The small amount of gas admitted will not 
interfere, and will be removed rapidly to the pump When hydrogen in steel » 
desired, the samples are injected best through such a lock 

Use of Stopcocks to Provide a Vacuum Lock— An alternative means of admitting 
samples is shown in Fig 36 G The sample is admitted to the lock through tlw 
joint, and is manipulated in the glass boat This lock is evacuated as descriuei 
above, in Injection of Metal Samples into a Vacuum Station/ p 1567 Then 

Manufactured by J nnesbury Corp , Worcester, Mass, vacuum lock developed by 
National Research Corp 
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open S v and push the sample through die hole in the hollow plug by applying a 
magnet to the glass-enclosed iron slug. The glass boat prevents grease from con- 
taminating the sample. With the use of a magnet, die boat is rotated to drop 
the sample. After the sample has dropped to the sidearm, close S a . 

Fusion Bath Technique .— Many metals can be analyzed by fusing directly in a 
graphite crucible, referred to as a dry bath or dry crucible technique. In numerous 
cases, it is necessary to inject the sample into a bath of another metal. This 
technique is used Mien the sample during fusion runs dirough the graphite cruci- 
ble, the melting point is too high for satisfactory fusion, or as a possible approach 
towards minimizing the effect of gettering by evaporated metal films within the 
furnace. The selection of die most suitable bath for the work, and the technique 
of application might be described as the art in vacuum fusion. No doubt, there 
are many alloy combinations that may prove to be satisfactory. 

The proportion of sample to bath material can be estimated by studying the 
phase diagram of the resulting alloy. For best results, the alloy should be liquid 
at 1900°C. or below, and sufficiently fluid to allow rapid solution of the carbon. 
Low and erratic recoveries of gas from a sample can often be attributed to a bath 
that is too viscous. 31 Also, it has been found that when a bath is heated at a 
fusion temperature, it becomes less fluid to a point where gas bubbles are trapped 
in the melt. This phenomenon has been found to be due to the carbon continually 
dissolving and reacting with the bath material. In addition, the temperature of 
die iron bath must not be allowed to rise above the selected operating temperature 
either during outgassing of the bath or analysis of the samples. The temperature 
fluctuation should be avoided because the solubility of the carbon in iron, and 
many other metals, increases rapidly with an increase in temperature. On a cool- 
ing cycle, carbon precipitates out to make a very viscous bath. The high viscosity 
of the bath traps gas bubbles within the melt and tends to prevent metal samples 
from alloying properly to give quantitative gas recovery. 

Without doubt, iron and platinum are the two elements most widely used and 
accepted for bath materials. 

In addition, tin is often added to die bath along with a sample, to keep fluidity 
and assist in the alloying of the sample. Also, the tin has a very high vapor 
pressure at fusion temperature, which acts to stir and blow out the gas in the 
fusion melt. In the case of high volatile materials known to getter the evolved 
gas, tin is often added so that it will volatize to the furnace walls with the getter 
type material and minimize the gas adsorption. In a fusion where a bath is used 
along with tin addition, the partial pressure due to the volatile getter material 
will be lowered. 

A bath is used in the following manner: (1) outgas the crucible at 2500°C. for 
2 hr.; (2) determine the blank, i.e., the amount of gas evolved at fusion tempera- 
ture and collection time; (3) inject 25 g. of iron, platinum, or suitable bath 
material, and outgas for 30 min. Again determine blank and analyze composition; 
(4) inject samples consecutively, collecting the gas from each and analyzing the 
composition. Usually, 0.25 g. to 2 g. samples are injected. The sample weight 
is dependent on gap concentration. In most cases tin is added in an amount equal 
to about by weight of the bath. Tin is sometimes added with each sample 

31 Smith, W. H„ Vacuum Fusion Analysis by the Iron Bath, Anal. Chem., 27, 1636, 1955; 
McDonald, R. S., Fagel, J. E., and Balis, E. W., Vacuum Fusion Analysis of Titanium, 
Zirconium and Molybdenum, Anal. Chem., 27, 1632, 1955. 
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ind suitable corrections are applied This large bath technique is olten preferred 
and found adequate since the technique pros ides for relatively rapid analysis 
The anal) st must study his data however to determine when the gas recovery is 
tending to become low due to the solidification of the bath 

Cui rent studies have shown that better recoveries can be obtained especially m 
metals of low gas concentration by using an intermittent bath 32 With this method 
many of the solidification problems are avoided 

-\n intci mi ttent bath technique is used m the following manner (1) outgas the 
crucible at 2a00°C for 2 hr (2) determine the blink i e the amount of gis 
evolved at fusion temper mire and collection time (3) inject bath (generally 5g ol 
iron or platinum plus 0 3 g tin) (4) outgas to pump for 30 mm and then deter 
mine the amount of gis evolved in a fusion period and analyze This is the blank 
used for correcting the sample analysis (5) inject sample keeping the proper ratio 
of simple to bath collect gas and analyze In some cases a known weight of tin 
is added with the sample and suitable corrections are applied (6) inject second 
s nnple and proceed as described in (5) (7) inject more bath material and repeal 
procedure for analysis of 2 more samples 

Flux Technique a3 — In order to overcome some of the difficulties involved when 
the fusion bath technique is used it was found that the sample and the bath or 
flux matcri il could be injected simultaneously Platinum is most satisfactory for 
use as a flux since the oxygen content is low less than 10 p p m and very uniform 
Also the metal has a relatively low vapor pressure which permits fusions at high 
temperature The sample to flux latio should approximate 1 to 10 This method 
Ins been found to be applicable to the determination of oxygen in refractory 
metals Since no preliminary outgassing of the platinum is required the analysis 
time is reduced considerably 

Tentative Procedure for Preparation of Sample —The distribution of the oxides 
nitrides and hydrides in most materials is not uniform since m general the 
greater concentration is nca»- the surface In view of this the engineer must con 
sidcr die preparation of the sample so that the material analyzed is the same as 
the material used in application 

Rod or Ingot Material —Samples in chunk form are preferred in order to keep 
the surface small relative to the weight of the sample Prepare the sample by 
cutting it into small chunks by means of a hacksaw File the surface on all sides 
to remove surface scale or oxide and degrease in a solvent To load into the 
sid carm of the furnace handle the sample with tweezers only 

Sheet \\ ire. Tubing —Cut the material to suitable weight and form so that the 
material can be injected through the tube of the furnace and into the crucible 
Clean the material in solvent to degrease In some instances when the hydrogen 
content is immaterial the samples are treated m an acid etch solution to remove 
tlie surface layer of impurity Generally the removal of about 0 l mil from the 
surface is adequate In the case of sheet or wire roll the material into compact 
form 

Powder —In general metal powder has a high gas content Weigh small samples 
(10 to 100 mg) into small tin cups or on a 1 in square of tin foil Fold and 

a* Beach A I and Guldiici !\ G Symposium on Determination of Gases in Mclah 
ASTAt Special Technical Publication No 222 19 j7 , 

ss Hausen \\ R Mallett M \\ and 1 izeuak M J Plmnum flux Ieclini(|ue ior 
Determining Oxygen in Titanium Anal Chem 31, No 7 1237 19)9 
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compress tin firmly about the powder. Also, pellets can be made by compressing 
the powder. Avoid washing powder or sponge material in a solvent. 

VACUUM FUSION APPARATUS (FISHER-SERFASS ) 34 
A modification of the conventional vacuum fusion system is shown in Fig. 36-BO. 
Since the principle of the method is similar to that described, the details will not 
be given. The apparatus embodies some features which are advantageous in some 



Fig. 36-30. Vacuum Fusion Apparatus (Fisher-Serfass). 

fields of work and operation, especially control analysis. The apparatus is unitized 
and semi-portable. 

Apparatus. Stopcocks.— To obtain maximum ruggedness, stopcocks have been 
used instead of mercury cutoffs. Good vacuums can be obtained by using precision 
ground stopcocks and greasing with care. When an apparatus is under vacuum, 
and a break occurs in the glass, less damage occurs to the glass in a stopcock type 
of system. 

Palladium Lamp.— To remove the hydrogen rapidly during a gas analysis, a 
palladium lamp or valve is used. This lamp is a hydrogen diffuser, which consists 
of a thin-walled tube of a palladium-silver alloy, which is bent in the form of a 
hairpin and mounted within a glass envelope. 

Connections are made to the palladium tube by means of glass-to-metal seals. 
The tube is heated conductively by a low voltage high current power supply. 

Combined Hot Extraction and Vacuum Fusion.— By means of ball joint con- 
nectors, this unit is readily modified for each type of analysis. For example, a 
vacuum lock is attached in this manner for introducing the sample into the vacuum 
station to provide for immediate analysis of the sample for hydrogen. 

ai Vacuum fusion apparatus, Fisher-Serfass gas analyzer, available from Fisher Scientific 
Co.; reproduced with permission from the Milton Roy Co., St. Petersburg, Florida. 












GAS ANALYSIS-VACUUM TECHNIQUES 1595 

Procedure. Evacuation of the System— The system is initially evacuated in the 
following manner: close stopcocks S s , S 4 , S-, and S§, leave all the other valves open, 
and rotate the manometer to a horizontal position to permit complete evacuation; 
start mechanical pump, slowly open S 3 to the pump until the pressure is less than 
0.1 mm., and then turn on diffusion pumps DPj^ and DP 2 . Evacuate system to a 
pressure of 1 /t (.001 mm.) or less, as indicated by the Lippincott-type manometer 
(sensitivity range 1 to 1000 n); turn heater to outgas the quartz furnace, adjust the 
temperature to about 800°C., turn on power to heat the palladium filter conduc- 

Sample 



tivcly. After conditioning the furnace and system, lire volumes of the analytical 
section must be calibrated. Turn off power to palladium filter, and close S G , S v 
S 2 , .S’-, and .S'.,. 

Calibration— A known amount of dry air is admitted into a small calibrated 
capillary volume, and then expanded into the larger unknown volume. In this 
apparatus, the capillary volume has been previously calibrated by weighing the 
volume of mercury required to fill the space between S 4 and S, (approximately 
0.2 cc.). Open S 4 to permit dry air to be admitted from the atmosphere, through 
a drying tower, into the capillary volume. Close S 4 , open S-, and measure the 
pressure in the unknown volume, V 1 , by means of the manometer. At a tempera- 
ture, T, the volume may be calculated from the following relationship: 

Po X Vo = P, X F, 

where Po = atmospheric pressure, in millimeters, 

Fo = capillary volume, 0.2 cc., 

P i = pressure in millimeters in V h and 
F] = volume desired. 
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where P = pressure of hydrogen in millimeters, and V 1 or V 1 + V 2 = volumes in 
cubic centimeters. If the hydrogen is expanded to V z , then V 1 + V 2 must be sub- 
stituted for Fj in the above relationship. Also, when the pressure is measured at 
some temperature other than 25°C., the value should be multiplied by the ratio 
of absolute temperatures T/T v where T is 273 + 25 and is 273 -f- t. 

With this apparatus, a sample can be analyzed for hydrogen in about 15 min. 
with a precision of 0.2 p. p. m. 

LABORATORY EQUIPMENT COMPANY METHOD 
In Fig. 36-32 a design of hydrogen extraction apparatus, 35 which is commercially 
available, is shown. 



Fig. 36-32. Hydrogen Extraction Apparatus: A and G, Drying Tubes; B, Expansion 
bulb; C, Pressure Gauge; D, Copper Oxide-Misch Metal, 320°C.; E, Magnesium Per- 
chloiate; F, Mercury Diffusion Pump; H, Sample Loading Tube; I, Induction Furnace; 

J, Solenoid; IF, Water; .S'j to S 8 , Stopcocks. 

Principle of (he Method— The principle of the method is based on the extrac- 
tion of the hydrogen by diffusion from a metal sample, by heating in vacuum. 
In this apparatus, the sample is heated indirectly by induction in an evacuated 
S) stem, and, due to the combination of heat and vacuum, the hydrogen is quanti- 
tatively evolved. The initial pressure, P v in the vacuum station is practically 

35 Hydrogen analyzer, by Laboratory Equipment Co., St. Joseph, Michigan; reproduced 
with permission from Laboratory Equipment Co. 
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negligible but after tire extraction the pressure P 2 is readily measured m a knoi n 
volume with a McLeod gauge 

Some materials give up hydrogen only and in this case a simple measurement 
of P Pi is sufficient Other materials give up carbon monoxide and nitrogen 
in addition which contribute to the total pressure In these cases the total gas u 
passed through an analvsis section of the apparatus to remove the hydrogen The 
residual gas pressure is measured The difference in pressure P p f gn ei 
the pressure attributable to the hydrogen onl) 

Apparatus Tlie system is evacuated with a mechanical pump when the handle 
of S is in a vertical position \fter evacuation of the apparatus the pump is 
cut off from the station by rotating the handle to a 9 o clock position In this 
position the mercury diffusion pump collects and circulates the gas in the system 

The quartz reaction tube contains a bottomless graphite crucible which is scaled 
within an evacuated quartz envelope This crucible has a ceramic and movable 
bottom The bottom can be pulled downward by the solenoid J to drop the 
sample The sample drops into the bore of S 8 in which the glass plug is bored 
partly through By rotating the stopcock to air the sample is ejected from the 
analytical station 

The next sample is admitted to the vacuum station through the vacuum lock H 
By closing S 7 and opening S b to dry air this section 1 $ then adjusted to atmospher c 
pressure Remove die tipered joint H On removal of the joint the weighed 
sample is placed in the boat and the joint is replaced Tins section is evacu ted 
through S r \fter evacuation S 6 is closed S 7 is opened and the ground joint H 
i$ rotated to drop the sample out of the holder and into the furnace The stop 
cock S which contains a recessed metal insert to prevent contamination of the 
sample with grease is then closed 

The tube £ contains magnesium perchlorate and D a special copper oxide 
Misch metal type reagent 

The pressure is measured in a calibrated volume by means of the rotating t\pe 
of McLeod gauge C If the pressure is too high for the gauge the gas is expanded 
to the volume li 

Procedure — E\ acuate the system with the mechanical pump by opening 5 
(handle in vertical position) Turn on diffusion pump £ and bake out ovens E 
and D Initially condition the system for several hours turn off heater £ aid 
close S by rotating handle to 9 o clock Test to determine if apparatus i ill hold 
the vacuum by periodically measuring tire pressure with the McLeod gauge 

Calibration of the apparitus is accomplished by admitting dry air into the 
svstem with a dosing stopcock attached at H The plug of a dosing stojicock h 
bored partly through so that when the stopcock is turned to atmosphere the bore 
will fill with air that has passed through a drying tower and is at atmospheric pres 
sure Since the volume 1, of gas and the pressure P A (atmospheric pressure) is 
known a known qu mtity of gas is admitted by rotating the stopcock to the system 
With S 4 and closed open S 7 to permit the gas to be collected by the diffusion 
pump and rn the small volume 1 T Measure the pressure P T The volume of Vi 
at room temperature is calculated from the following equation 


where the pressure is measured in millimeters of mercury and the volume in cubic 
centimeters Suitable corrections roust be applied if the temperature of the room 
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is not controlled. In like manner, the total volume plus volume B may be cali- 
brated by opening S 3 . 

A blank determination is made after the system has been well outgassed. The 
graphite crucible, which is enclosed in quartz, is heated to 1200°C. or lower for 
some metals, for the same length of time (4 min. or more) as for the sample. The 
gas is collected in V T and the pressure P is measured. The gas is analyzed by open- 
ing S 4 (S~ can be left open if the pressure is low) to circulate the gas over the 
copper oxide and magnesium perchlorate. After 4 min., close S 4 to collect the 
gas in V T , and measure the pressure P.„ The pressure due to the hydrogen is 
P-P 2 . 

The extraction time and temperature are determined by analyzing a series of a 
sample where the extraction time and separation time are kept at 4 min. each, 
and the temperature is varied. In this way, the optimum temperature for the 
extraction is determined. 

The analysis of a sample is carried out in the same manner as the blank. With 
S 7 closed, dry air is admitted through S G . The sample holder, H, is removed and 
the sample is placed in the boat. After replacing H, S 6 is opened to pump for 
evacuation. Then, close S G , open S 7 , and rotate H, to drop the sample. Close S 7 . 
For collection of gas, S 4 is closed, and S 2 is opened to calibrated volume. The 
amount of hydrogen is measured and analyzed as described above for the blank. 
This value must be corrected for the blank. The percentage of hydrogen is calcu- 
lated in the following manner: 


X F’(cc.) = hydrogen (m i.) 


Weight percentage of hydrogen at 25°C. 


milliliters of hydrogen X 0.108 X 1000 
weight of sample (micrograms) 


If the gas is measured at some temperature other than 25°C., suitable corrections 
must be applied. 

The sample is prepared by cutting with a hacksaw, or shearing, or in a manner 
to minimize heating and contamination of the sample. Cut a sample from chunk 
material that will fit into the boat, and is capable of passing through S 7 . The nor- 
mal sample size is 0.2 to 0.5 g. File or sand off any heavy oxide coating, and de- 
grease in trichloroethylene, followed by a rinsing in acetone. Weigh and insert 
into the holder, H, for analysis. 


DETERMINATION OF OXYGEN IN METALS BY INERT 

GAS FUSION 


Inert gas fusion provides a unique approach for a rapid, single, and inexpensive 
method for determining oxygen in metals. It is generally used as a control tool 
for analyzing metals of relatively high oxygen levels, 100 to 2000 p. p. m. With 
modifications in technique and apparatus, this method can be applied to samples 
containing in the range of a few parts per million of oxygen, to oxides of metals 
containing several per cent. Three alternatives have been developed that give 
adequate results when compared to vacuum fusion. 
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Preparation of Crucible.— The graphite crucible, M", is preheated in a muffle 
furnace at 1000°C. for 15 min., and followed by a vacuum induction heating at 
1000°C. in a rough vacuum, less than 0.1 mm. for 1 hr. After the crucible tem- 
perature drops to ambient, add 15 g. of tin, and heat in nitrogen to 1250°C. for 15 
min. In this manner, several crucibles containing the tin bath are prepared ahead 
of time and stored in a desiccator. Determine die blank, which is the amount of 
carbon dioxide adsorbed in die Schwartz absorption tube. R, during 15 min. of 
heating at 1250°C. of the preconditioned crucible and tin. Allow the crucible to 
cool to ambient, place the sample in die crucible, and repeat die above procedure. 
Weigh die carbon dioxide collected. 


Oxygen in sample, per cent = .364 


(II 3 - If 2 ) ~ I<T 
weight (grams) of sample 


X 100 


where Wi = weight of carbon dioxide in grams, blank, 

W 2 = weight of absorption tube in grams, and 

IF 3 = weight of absorption after fusing sample, in grams. 


APPLICATION OF THE CAPILLARY TRAP METHOD TO INERT 

FUSION IN ARGON 

A modification of this technique , 38 which attached a real significance to inert 
fusion b) increasing die sensitivity, is shown in Fig. 36-34. This apparatus con- 
sists of a clear quartz fusion furnace, Fig. 36-35, within which a graphite crucible 
is supported by a tungsten rod. The crucible is heated in argon by high-frequency 
induction. The carbon monoxide formed during fusion is oxidized to carbon 
dioxide by a modified form of Schiitz’s reagent , 39 which provides an indicating 
reagent operating at ambient temperature. In addition, die apparatus consists of 
a capillary trap (Fig. 36-36), T, in Fig. 36-34, which provides for the measurement 
of the carbon dioxide gas in a small volume to achieve adequate sensitivity. In 
this apparatus, the vacuum pump is used to evacuate the capillary only. 

Procedure.— Insert the sample at D, and replace die glass plug; no grease or wax 
is required. Adjust die argon flow with valve J\ until gas bubbles out slowly 
through the manostat. Turn on die vacuum pump, close V-, and open valve J' e 
slowly, and adjust the mercury column to the zero mark by raising or lowering the 
beaker. 'With V 3 and V 4 closed, open F 2 and adjust V- to give a manometer read- 
ing of 50 mm., which corresponds to an argon flow of about 100 cc. per min. Turn 
on cooling water to die furnace jacket, and heat the crucible and bath material 
by induction to 1800°C. for 20 mi n. Then, open V 3 and and close V n . which 
diiects the flow of argon through the oxidizing reagent, R. 

Determine the blank by placing a Dewar flask containing liquid nitrogen about 
trap, T. After 10 min. of heating, close I' 3 , and evacuate the argon in die trap. 
Close P c , and remove the Dewar flask, warm the trap with a water bath, and 
allow the trap to come to ambient temperature. Read die pressure to the nearest 
0.5 mm. Repeat blanks until a satisfactory le\el is obtained; die blanks should 
be equivalent to 2 to 7 /ig. of oxygen. Flush out carbon dioxide. 

Analysis of Sample.— Replace Dewar flask about trap, T. Inject the sample into 
the ciucible by raising the iron-cored plunger by means of a solenoid. Repeat the 
procedure as described under blank determination, and read the manometer pres- 

38 Smiley, W. G., Xucleat Sci. Abstr., 3, 391, 1949; Determination ot Oxvgen in Metals 
Without High Vacuum bv Capillarv Trap Method, Anal. Chem., 27, 1098-1102, 1955 

39 Schutz. M„ Ber., 77B, 484, 1944'. 
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sure Shut off induction heater and when the crucible is cool open D, and insert 
the next sample 



Fic 36 84 Inert Gas Ar-,on Fusion— Capillar) Trap Method A Ascarite and Magnesium 
Perchlorate D Sample Holder F Induction Furnace 1/ Manostat R Modified Sch itze 
Reagent T Capillar) Trap and Manometei U Purification 1 uinace Containing Uran um 
fj lj I'j 1 I,i Brass Bellows T)pe \alves II Glass Wool and Magnesium Per 
chlorate (Cop) right 1055 bv The American Chemical Societs repioduced with permission) 

Calibration of Capillary Trap —Denoting the \olume of the capillary trip abote 
the zero mark and between 1 5 and F c by V the cross section of the capillary bore 
b) A and the manometer reading by X the weight of ox)gen II is 

w 16 X(V + AX) 

RT 

The atomic weight of oxygen is used as only 1 atom of oxygen per molecule of 
carbon dioxide comes from the sample Expressing the weight in micrograms ami 
linear dimensions m millimeters with an ambient temperature of 25°C 

W = 00086(VX + AX 2 ) micrograms, 

Then 

, 1 lEa^mDle — Wslmk 

oxygen in sample, per cent = — - 

10 weight of sample, in milligrams 

APPLICATION OF A CONDUCTOMETRIC METHOD TO INERT 
FUSION IN ARGON *° 

This method, a modification of the 2 previously described techniques embodies 
a better fusion furnace in conjunction with a conductometric means for measuring 
the carbon dioxide The analysis time is about 8 min Purified argon gas > s 

40 Apparatus developed and manufactured by Laboratory Equipment Co St Joseph 
Michigan reproduced with permission from the Laboratory Equipment Co 
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passed over a hot graphite crucible in which the sample is fused. Oxides in the 
sample are reduced by the carbon to form carbon monoxide. This gas is con- 
verted to carbon dioxide that is then absoibed in dilute caustic. The change in 
conductivity of the solution is measured in terms of resistance. This apparatus is 
simple to operate, sensitive, and commercially available. It is most adaptable to 



Fig. 36-35. Clear Quartz Fusion Fur- 



determining oxygen in metals in the range of 50 to 2000 p. p. m. With a reason- 
able adjustment of sample size, the optimum amount of oxygen can be introduced 
for analysis. Fusion bath techniques are employed in a manner similar to that 
described under vacuum fusion. 

Apparatus.— A schematic diagram of this apparatus is shown in Fig. 36-37. 

Purification of the Argon.— Argon is admitted to the apparatus by means of a 
diaphragm 2-stage regulator valve, through a purifying train consisting of copper 
oxide 300°C., A, Ascarite and magnesium perchlorate, B, sulfuric acid, magnesium 
perchlorate, and Ascarite. The gas flow is indicated by a ball-type flow meter, and 
fui ther regulated by means of the needle valve, D. Then, the gas is passed over 
the hot titanium sponge, F, at GOtPC. In this flow system, a mercury pressure re- 
lief \al\c, H, has been inserted. This purified argon passes into the furnace. 



1604 GAS ANALYSIS- VACUUM TECHNIQUES 

Furnace Assembly.— till the quartz thimble about full of carbon black tap 
lightly to settle carbon black, and insert the graphite crucible with the top of the 
crucible about 'u, m abo\e die top of the thimble Add carbon black until the 
thimble is full Lightlv tap the thimble to settle the carbon black but avoid 
packing Blow out any loose powder that has fallen into the crucible by means 
of a glass tube I he carbon black must be loose about the crucible to avoid danoer 
of coupling bv the high Irequencv heater and to provide adequate insulation 
1*1 ice the crucible assembly on die quartz pedestal and raise the furnace base to 
the bottom of the quilt/ tube furnace In tins nay the crucible is placed in the 
Ingh fiequencv field A rubber O ring provides an adequate seal between the 
quartz tube and the furnace bast At the top of the furnace an inner tube serves 
to luimel the simples from the loading stopcock into the crucible 
Conductometric Analyzer —This analyzer consists of a sensitive Wheatstone 
bridge having 2 conductivity dip cells 1 as a reference, and the other as a mensur 



lie 36 3i liven Gas ["vision \pparatus A Copper Oxide 1 imiace B, liap, vsciute 
and Magnesium Perchlorate C Purifying Tram Conccntiated Sulfuric Acid, Wcvitte 
Magnesium Perchlorate, Ilow Meter D, N’cecllc Valve C, Pressure Gauge, T, Iurnacc 
Containing Titanium Sponge at COO°C G, Quick Disconnect H, Mercury Pressme Rc 
lease, /, Induction Turnacc Graphite Crucible Hoited in Lamp Black J, Optical flit 
A Bill Joint L, I u mace Containing Iodine Pcntoxide (140°C) M, Sodium TIuosuHiie 
Crystals, A, Ilow Meter O, Trap, Porous frit Covered with Mercun, V Porous I'm for 
Dispetsing the Gas in the Baiiuni Hydroxide, Q, Mater Jacket Containing Tempt' rug 
Coil foi Piewarining the Barium Hvdrovide Solution, Temperature Regulator and 
Heater, ft, Conductivity Cell, Measuring, R', Conductivity Cell, Reference, Sj Sample 
Loading Stopcocks, S 2 3 4 , 2 Way Stopcocks S 3 , S, 3 Way Stopcocks I, Thermometer, 
U, Rubtier Squeeze Bulb V, Water Circulator, It , Counterweight, X, Caiboy llinuni 
Hydroxide 
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ing cell in the sorption solution. Both cells dip into a dilute barium hydroxide 
solution and are balanced in the bridge circuit. The argon gas containing the 
carbon dioxide bubbles through a mercury trap and a glass diffusion frit into the 
barium hydroxide contained in the measuring cell. The resistance required to 
rebalance the bridge is used as a measure of the carbon dioxide absorbed. Since 
the conductivity of a solution changes with temperature, the cells and analyzer are 
water-jacked with thermostatic control at some temperature higher than room tem- 
perature (40°C.). 

Reagetits. Iodine Pentoxide.— Specially prepared iodine pentoxide is used at 
about 140°C. to oxidize the carbon monoxide evolved from the fusion of the sample 


I2O5 + 5CO -► 5C0 2 + I2 

Sodium Thiosulfate.— The resulting iodine is absorbed by sodium thiosulfate 
2Na 2 S 2 0 3 + I 2 -> 2NaI + Na 2 S 4 0 6 

The carbon dioxide is then carried by the argon into the measuring cell containing 
the barium hydroxide. The change in conductivity of the solution is measured 
in ohms. 

Barium Hydroxide.— The barium hydroxide is prepared as follows: (1) pass tank 
nitrogen through 17 1. of distilled water contained in an 18-1. flask for 45 min. 
(For best results use distilled water that has been passed through a cation and 
anion exchange tesin, e.g., Amberlite MB1 or equivalent); (2) boil about 1 liter of 
distilled water for a few minutes to render it free from carbon dioxide. Add 15 g. 
of barium hydroxide to a portion of the water, and vacuum filter it through a fine 
glass frit containing some paper pulp. Add this solution to the 17 1. of distilled 
water, and adjust volume to 18 1.; (3) stopper, shake, and allow to settle for about 
1 week before using. In a similar manner, a solution containing as low as 5 g. of 
barium hydroxide in 18 1. is prepared when the amount of oxygen to be measured 
is very low, 10 to 100 p. p. m. 

Procedure. Conditioning the Crucible. 

1. Turn on argon and flush system. 

2. Turn on catalyst heaters, thermoregulator heater for water bath, filaments in 
the induction heater, water supply, and allow time to reach equilibrium. 

3. Adjust argon flow to 0.5 1. per min. with needle valve when the sample load- 
ing stopcock, S v is open to atmosphere. 

4. Turn on induction heater and raise the temperature of the crucible slowly 
until the crucible is at least 2500° C. The temperature is measured through 
the optical flat, J, at the top of the furnace, by means of an optical pyrometer. 
Continue heating for 15 min. 

5. Lower the temperature of the crucible to fusion temperature, 1650° to 2000°C., 
depending on the metal to be analyzed. 

6. Check the blank by closing stopcock, S lt and allowing the argon to pass from 
the furnace over die iodine pentoxide and sodium thiosulfate. 

7. Fill the measuring cell, R, by applying a pressure with the squeeze bulb over 
the barium hydroxide solution, close S 3 and S 4 , and open S c to permit the 
solution to flow into the cell to a point above S 4 . Turn off S G and S,„ and 
open S 4 to drain, in order to adjust the solution to a constant volume. Open 
S 2 fully, adjust argon flow with the needle valve to 200 to 300 ml. per min., 
as indicated by the flow meter on the conductometric unit. 
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8 Fill the reference cell R by opening S- to permit the barium hydroxide to 
use about 1 m above the electrodes, and about in below the water level 
Hush se\ eral times when a new solution of barium hydroxide is used The 
cell is drained by opening S, to drain and removing the rubber policeman 
on the cell to let in air The barium hydroxide in this cell is replaced only 
when a new solution is used, or when a balance on the bridge cannot be 
obtained 

9 Balance the bridge by superimposing the lines on the cathode ray tube 
Collect gas from the hot crucible for 3 mm , turn off plate current, and 
continue the argon flow for another 5 min Balance the bridge and record 
the ohms resistance required to bring the lines into coincidence If the re 
sistance change is reproducible and of the order of 2 ohms or less, the appa 
ratus can be standardized (solution containing 15 g per 18 1 ) 

Standardization Use of Silver Oxide —The method is standardized with weighed 
amounts of silver oxide that contain 6 9% oxvgen In this manner, a calibration 
curse is established on graph paper with the oxygen content plotted versus the 
resistance 

1 Weigh approximately 2 3, and 4 mg of siher oxide into tin cups (raanufac 
tured by Laboratory Equipment Co \olume slightly less than 0 2 cc) 1 5 cm 
high 0 5 cm in diameter, and weighing about 0 14 g Flatten cups with 
spatula, and roll with tweezers into a compact sample Sheet tin foil may be 
used also 

2 Place standard sample m the loading stopcock allowing the argon to pass over 
the sample and out to the atmosphere during the time required to raise the 
crucible from ambient to operating temperature (5 min ) 

3 Repeat procedure as outlined under blank and inject sample 

Use of Potassium Acid Phthalate —Because the weighing of milligram amounts 
of silver oxide is both tedious and time consuming, potassium acid phthalate 41 
can be used to great advantage By making a standard solution and dispensing 
known amounts into the tin cups by means of a micro syringe, it is possible to 
prepare approximately 100 standards in 30 min 

Preparation of Solution —Dissolve 6 38 g of NBS potassium acid phthalate, which 
contains 31 34% oxygen (previouslv oven dried at 115°C), in distilled water and 
dilute to 1 liter One \ (0 001 ml ) of solution contains potassium acid phthalate 
equivalent to 2 fig of oxygen 

Dispensing of Solution —Use a micro syringe, with a 100 X capacity, which is 
calibrated to an accuracy of ±1 X (Syringe manufactured by Hamilton Co, 
Whittier, California, #5 710N, and may be obtained with a Chaney adapter 
S710NCH or micro buret syringe, sold by Scientific Glass Apparatus Co, Bloom 
field New Jersey ) Dispense solution into tin cups, and dry jn an oven at 10()°C 
or below Flatten out tin cups with a spatula, and roll into a compact sample 
with tweezers In this way, standards can be readily prepared in the range of 
50 to 400 fig of oxygen By making up standard solutions of various concentra 
tions, standards may he prepared in like manner from 10 to 2000 /ig 

The blank due to the tin is generally built into the calibration curve The etTOr 

Technique suggested by T D McKinley and associates at E I DuPont de Nemours 
Wilmington, Delaware 
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is automatically subtracted by using an equal amount of tin in the fusion of the 
sample. The total time schedule is adjusted according to the type and quality of 
the measurements desired. A recommended time schedule to obtain maximum pre- 
cision is as follows: 


To raise the furnace from ambient to fusion temperature 5 min. 

To fill the conductometric cell and make necessary adjustments, about 2 min. 

To provide adequate fusion, heat sample for 3 min. 

To sweep all carbon dioxide into sorption cell, an additional 5 min. 

Total analysis time 15 min. 


Analysis of Sample.— Adjust sample size so that the oxygen present will not be 
greater than 400 m g . Prepare samples in a manner similar to that described under 
vacuum fusion. Use a tin cup and fusion baths when required. Run sample for 
the same time and temperature as the blank. Measure resistance change and deter- 
mine oxygen content from the calibration chart. 

Since the calibration curve can be extended to 2000 Mg-, a sample containing 
large amounts of oxygen may be analyzed. There is a slight curvature to this 
extended calibration curve, but any 400-/ig. portion can be assumed to be a straight 
line. When the oxygen content is not known, run tire sample first, and then 
follow with standards that contain oxygen contents just above and below that of 
the sample. 

When weaker solutions of barium hydroxide are used, low oxygen standards are 
used, i.e., when 5 g. of barium hydroxide are used in 18 1., the maximum oxygen 
that can be measured is about 250 Mg- This solution is very suitable down to 
10 Mg- of oxygen. 

When larger amounts of oxygen are to be measured, such as are found in the 
reduction of metal oxides, the carbon dioxide is measured best by means of an 
adsorption tube containing Ascarite, attached at the end of the tube, M (Fig. 36-37). 

DETERMINATION OF CARBON IN METALS 

The change in the carbon content of a metal, as a result of processing, is often 
as important as the measurement of the oxygen content. The carbon-oxygen ratio 
has been found to change with processing, and is of prime importance in many 
gas phase studies. 

Most methods for determining carbon depend on burning the metal sample in 
oxygen, and measuring the amount of carbon dioxide. The measurement of the 
carbon dioxide is made in several ways: volumetric analysis by absorption in po- 
tassium hydroxide; gravimetric analysis by absorption in Ascarite or similar solid 
reagent; low pressure analysis by separation by fractional freezing, and then measur- 
ing the carbon dioxide in a known volume by means of a McLeod gauge; and 
conductometric method by absorption of the carbon dioxide in dilute barium 
hydroxide, and measuring the change in conductivity. 

The low pressure combustion method for determining small amounts of carbon 
and the conductometric analyzer are described below. 
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DETER MIA AT IOI\ OT CARBON IN METALS BY THE LOW PRESSURE 
COMBUSTION METHOD* 2 


Principle of the Method The principle of this method is based on the com 
bustum of the metal sample in a reduced pressure of oxygen during which the 
c u bon is concerted to rurbon dioxide The carbon dioxide is frozen out m a 
liquid nitrogen trap the excess oxvgen is pumped out and the liquid nitrogen is 
removed from the trap to allow the carbon dioxide to warm up to ambient tem 
perature The carbon dioxide gas is measured in a known \olume by means of a 
McL eod gauge 

This method has found wide applicition in the determination of carbon m 
high puritv metals where the carbon content is often less than 0 01% With an 
expulsion \oltime or by ahquoting the range can be extended to cover samples 
coin lining c u bon as high as 0 1% Since the precision of the method has been 
established on the order of 0 0002% carbon based on the analysis of Oo g KBS 
s imples the technique can be applied to the determination of carbon in small 
samples While the method was developed for application to steel it can be 
tppiiecl to most other metals 

Apparatus and Reagents The low pressure combustion apparatus is shown in 
Tig 36 38 It consists essentially of a purification train a combustion chamber 
vnd an analysis system "Ibis apparatus is evacuated bv means of a single stage 
meicury diffusion pump which is bickecl bv a mechanical pump (Cenco Hypenae 
No 2) or its equivalent) Mso a small auxiharv pump (Cenco Hyvac or its equiv 
alent) foi a backing vacuum is required 

Purification of Oxygen The oxvgen is admitted from a tank connected at A 
to i stindird 2stige regulator through flexible copper tubing to the glass appi 
ratus \ copper to glass sell is used to make the connection The oxygen is 
admitted to the ev icu ited system through the stopcock % through the liquid 
nitrogen trip over the palladium catalyst (400°C ) and then through another 
double liquid nitrogen trap The palladium catalyst is contained m a clear quartz 
tube that is step sealed to the glass apparatus at each end The oxygen is purified 
by condensing approximately 10 ml in trap T y and then evaporating a portion 
ol this and recondensing it in tr ips T n and T, These traps collect any oxidation 
products formed by passing the oxygen over the catalyst and hold an ample supply 
ol liquid oxygen until ready to be admitted to the combustion furnace 

At liquid nitrogen temperature the vapor pressure of oxygen is approximately 
16 cm so that it is possible by raising the mercury in cutoff / to hold a supph 
of pure oxvgen in traps X 2 and T ^ while evacuating and outgassmg the analysis 
and combustion sections The capillary by pass (l mm bore) in / is a device for 
admitting oxygen at a relative high pressure of about 16 cm to an evacuated 
system The capillary A serves a similar purpose in exhausting the excess oxygen 
slowly subsequent to the combustion of the sample 

Combustion rurnace— The combustion furnace is sealed on at D and consists 
of i tubular chamber made of Pyrex in which is suspended coaxially a platinum 
crucible (Baker Platinum Co Bell Telephone laboratory Special) with reinforced 
rim which contains the refractory oxide crucible (Coots AL200 high alumina or 
equivalent) An outer ceramic crucible supports the above assembly Fig 36 39 and 

* Wooten 1 A and Gtddnei W C Peteimination ol Carbon in Low Carbon Iron 
and Steel Ind Eng Chem Anal Ed 14, 83 j- 8 1942 copyright 1942 by the American 
( lietincal Societv reproduced with permission 
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acts as a heat radiation shield. Platinum wire .050 in. is hooked tluough an eye 
of a glass support, with the ends hooked through holes located diametrically oppo- 
site in the outer ceramic crucible. The length of the loop is adjusted to hold 
the crucible just below the sample chute. The sample is prepared in the form of 
fine turnings, drillings, nibblings, or thin chips, and is introduced into the sicle- 
aim, Q, and sealed off. As many as 20 samples have been loaded in respective side- 
arms and held for analysis. The advantage of this technique is that it permits the 
loading of all the samples at one time to eliminate the danger of changing the 
furnace blank. Also, it is possible to run a blank on the crucible prior to an 
analysis. 

The platinum crucible is heated by high frequency induction (500 kc.-2 kw. out- 
put), which senes as the heating or conducting element to the ceramic crucible. 



lie. 3G-38. Low Piessuie Combustion Apparatus for the Determination of Carbon: A, 
Flexible Copper Tube with Copper-to-Glass Seal; B, C, Outlet to Rough Backing Vacuum; 
D, Connection to Anabsis Sxslem; E. Outlet to Mechanical Oil Pump, Cenco Megavac; 
F, Electiic Furnace; G, Palladium Catalyst on Alumina; H, Clear Quartz Tube; I, J, and 
A', Met cun Cutoffs; M, McLeod Gauge; i V, Alumina Ciucible, Coors: O, Platinum Cru- 
cible with Reinforced Rim; P, Alumina Ciucible, Coois; Q, Side Tube for Admitting 
and Storing Samples; S, to S 7 , Stopcocks; T, Resistance Heater; T t to T c , Traps. ° 
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For the combustion of metals difficult to bum, a 60/40 platinum rhodium crucible 
has been used to present excessive damage to platinum crucibles 
Calibration of Apparatus —The volume between the cutoffs ] and K, m which 
the carbon dioxide is measured is calibrated by admitting the maximum amount 
of purified dry oxvgen that can be measured by the gauge (McLeod gauge bulb 
volume 120 c c , pressure range 0 00002 to 0 7 mm ) Record the pressure, and, with 



the gas trapped in the bulb open the cutoff A, io the pump to remoie all of the 
gas external to the bulb Raise cutoffs J and A to the calibration lines Lower 
the mercury m the McLeod gauge below the point of cutoff to permit the gas to 
expand into the volume between the cuioffs Remeasure the pressure 
Calculate the volume from the following relationship 

V - 3-X v \ 

* P z 

where V x — total volume between cutoffs J and A, 

P z — pressure between cutoffs J and A, 

Vi = \ olume of gauge, in cubic centimeters, and 
Pi — initial pressure of oxygen ra the gauge 
The gauge may be used in a similar manner, to aliquot the gas evolved from a 
sample when the pressure is too high to measure By trapping an aliquot in tie 
bulb die gas external of the gauge is pumped out The gas in the bulb is then 
expanded in the volume between cutoffs / and K, and the pressure is measure 
The amount of gas measured in the aliquot is multiplied by the ratio of I e 
v olume l j to the total v olume V x 
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Procedure .— Weigh 0.5 g. of the degreased sample. With a gas-oxygen torch, 
heat the top of the sidearm, Q, and blow out the end, taking care that glass flake 
does not fall inward. Insert sample and reseal. In like manner, samples are 
inserted in the remaining sidearms. 

Those metals that are nonmagnetic are loaded into magnetic boats and used in 
a horizontal tree, such as that described above, under “Injection of Metal Samples 
into a Vacuum System,” p. 1567. 

Some metals, such as high melting and high purity alloys, are difficult to burn. 
In these cases, where poor combustion is observed, weigh a 0.5 g. portion of NBS 
No. 131 silicon steel, and insert it with die sample as a flux. The heat evolved 
in burning the flux raises the temperature sufficiently above the temperature of 
the crucible, to burn the sample. Some investigators include a small amount of tin. 

Close stopcocks S v S 2 , and S 7 , and turn stopcocks S 3 , S 4 , S 5 , and S c to connect the 
mercury wells to the back vacuum in the manifold. Turn on both mechanical 
pumps, and slowly open S~ until the mercury begins to rise in the tubes. Counter- 
act this rise by opening S 2 to the mechanical pump attached at C, thus keeping 
the mercury below levels of cutoff. After the system has been evacuated, close 
S 3 , S 4 , S-, and S G . Turn on the heater for the diffusion pump, and adjust the 
heater voltage to provide a rapid stream of mercury through the jet. Turn on the 
catalyst furnace, F, and raise the temperature to about 1100°C. Evacuate the entire 
system for at least 30 min. Then lower the temperature of the catalyst to about 
400°C. Raise the mercury in cutoff I by opening S 3 to the atmosphere. 

Purify the oxygen by placing Dewar flasks containing liquid nitrogen on traps 
T v T 2 , and T s , and slowly admit oxygen through stopcock S v When the pressure 
of oxygen exceeds 16 cm. of mercury, as indicated on cutoff I, die oxygen will 
liquify in trap T v After about 10 ml. of oxygen have been formed, close S v 
Partially lower the Dewar flask from trap T 4 to permit the major portion of the 
oxygen to distill over the catalyst and recondense in traps T 2 and T a . Replace 
Dewar flask about T v and keep liquid nitrogen in these flasks throughout the day. 

Raise the induction coil about the furnace to a point where the top of the coil 
is about in. below the top of the platinum crucible. Turn on the heater and 
increase the power until the temperature of the crucible is 1150° to 1200°C., as 
measured with an optical pyrometer. 

Raise the mercury in the capillary cutoff, K, and the McLeod gauge, M, by open- 
ing S g and Sr, to the atmosphere. Open stopcock S 4 to air until the mercury 
reaches a height just below the cutoff ]. 

Admit purified oxygen by slowly lowering the mercury in cutoff I, by turning S 3 
to the manifold until the oxygen bubbles through the capillary and into the 
combustion furnace. Admit oxygen until the pressure is about 16 cm. as indicated 
on the mercury cutoff K. Raise the mercury in / by opening S 3 to air. Place a 
Dewar flask, containing a mixture of dry ice and ethylene glycol monoethyl ether 
acetate, about trap, T 4 , and liquid nitrogen about T-. Heat the crucible to at 
least 1150°C. for 10 min. Turn off power. Remove the excess oxygen by slowly 
turning S c to die manifold until the mercury is sufficiently low to permit the oxygen 
to bubble through the capillary to pump. This evacuation should be carried out 
slowly to eliminate the danger of sweeping sulfur compounds and water from T 4 
and carbon dioxide from T 5 . When die pressure is about equal, open cutoff K 
fully to obtain rapid evacuation. Evacuate for 10 min., raise the mercury in cutoffs 
J and K to calibrated points of cutoff, and remove the liquid nitrogen from trap 
T-. Allow ample time for the trap to reach ambient temperature, and record the 
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pressure as measured with the McLeod gauge The \alue of the blank should 
not exceed 0 0002% carbon based on a 0 5 g sample Evacuate the carbon dioxide 
and repeat if blank is not satisfactory If the blank is satisfactory proceed with 
the analysis of a sample 

To determine the carbon content of a sample proceed as described in deter 
mining the blank Admit the oxvgen turn on the power to heat the crucible to 
at least llaO C and inject tire sample into the hot crucible The sample is re 
moved from the sidcarm bv means of a magnet In a similar manner the rennm 
mg samples are analvzed 

After completing the firing of the samples the excess liquid oxygen must be 
removed with care With 5, open to air open 1, to C which is connected to the 
backing vacuum pump Since the vapor pressure of oxygen at liquid nitrogen 
temperature is about 16 cm the vacuum pump will remove the excess oxv»en 
I hen it will be safe to remove the Dewar flasks from the traps 
Calculations — 

PI - ?il X 6459 X 10-« X 100 , , 

A = percentage ot carbon m sample 

where P = pressure m millimeters of CO evolved from sample, 
i = volume m millimeters in which gas was measured, 

Pi = pressure in millimeters of CO evolved from blank, 
f> = weight of sample m grains, and 
4 = peicentage of carbon present in 0 a g flux 
Note— Some samples do not require flux hence no correction is made 
The factor above is calculated for 2a°G If the gas pressure is measured at some 
other temperature apply a suitable PI correction 

DETER \1J\ ATtO\ Ot CARBOS I\ MET 4LS 
B\ CO\DUCTO METRIC A\AL)SIS 
Principle of the Method —A he principle of this method is based on the com 
bustion of the simple in oxvgen during which the cirbon in the sample is converted 
to carbon dioxide I he carbon dioxide is absorbed in a dilute solution of barium 
hvdroxide vs here the change in conductiv its is used as a measure of the carbon 
content The method is calibrated by burning NBS steels of known carbon content 
or other primary standard such as potassium acid plnhalaie 

T his method Ins found wide appltcition because of the speed and sensitivitv ol 
the analysis The amlvsts time is 5 to 8 mm The method is recommended for 
measuring up to 0 035% carbon based on i 1 g sample, and several times that 
amount if smaller samples are used Through special modifications die method 
may be applied to measuring a few micrograms of carbon 
Apparatus and Reagents —Figure 36 40 shows a schematic diagram of an appa 
ratus that is commercially available (mat ufactured by Laboratory Equipment Co 
St Joseph, Michigan) 

Purification of the Oxygen —Oxygen is admitted to the apparatus by means of a 
diaphragm 2 stage regulator valve, through a purifying tram consisting of copper 
oxide at 300°C , A, magnesium perchlorate, and Ascarite in trap B, sulfuric acid 
magnesium perchlorate, and Ascarite, followed by a flow meter, E A pressure 
gauge, C, is inserted, as well as an oxygen reservoir, D 



1613 


GAS ANALYSIS-VACUUM TECHNIQUES 

Furnace Assembly.— The furnace consists of a quartz or Vycor tube within which 
a ceramic crucible is supported on a ceramic pedestal. The pedestal is supported 
from the furnace base, which can be lowered by simply rotating the weight, G, until 
the handle is released. The seal of the metal base to the quartz tube is made 
with a rubber “O” ring. 

Conductometric Analyzer.— This analyzer consists of a sensitive Wheatstone bridge 
having 2 conductivity dip cells, 1 as a reference cell, ^ 1 , and the other a measuring 
cell, Q 2 . Both cells dip into a dilute barium hydroxide solution, and are balanced 
in the bridge circuit. The oxygen containing the carbon dioxide bubbles through 
a mercury trap, K, and a diffusion frit, L, and into the barium hydroxide con- 
tained in the measuring cell. The resistance required to rebalance the bridge is 
used as a measure of the carbon dioxide absorbed. Since the conductivity of a 
solution changes with temperature, the cells and analyzer are water jacketed with 
thermostatic control at a temperature above ambient (40°C.). 

Preparation of the Barium Hydroxide Solution.— The barium hydroxide solution 
is prepared as follows: (1) pass nitrogen gas for 45 min. through 17 1. of distilled 
water, contained in an 18-1. flask. For best results, use distilled water that has 



lie. 36-40. Carbon Apparatus: A, Copper Oxide 32a°C.; B, Magnesium Perchlorate; 
C, Pressure Gauge; D, Carboy, Oxygen Reservoir; E, Purification Train, Sulfuric Acid, 
Magnesium Perchlorate, Ascarite, and Flow Meter; F, Pinch Clamp; G, Weight, Com- 
pression of “O" Ring; H, Combustion Furnace, Induction Heater, Ceramic Crucible Sup- 
ported on a Ceramic Pedestal: /, Sulfur Trap, Manganese Dioxide; /, Flow Meter; K, 
Diffusion Frit with Mercury Trap; L, Diffusion Frit; M, Tempering Coil for Barium 
Hydroxide, Water-Jacketed and Thermoregulated: A’. Thermometer; O, Water Pump; 
P, Barium Hydroxide Solution; Q,, Conductivity Cell. Reference; (? 2 , Conductivity Cell, 
Measuring; .S',, S 2 , S :l . 2- Way Stopcocks; .S',, .S'-. 3- Way Stopcocks. 
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been passed through a cation and anion exchange resin (Amberlite MB1 or equn 
alent may be obtained from Fisher Scientific Co ) (2) boil about I 1 of distilled 
uater for a few minutes to render it free from carbon dioxide Add lo g of barium 
hydroxide to a portion of the water and \acuum filter through a fine glass frit 
containing some paper pulp Add this solution to the 17 1 of water (3) adjust 
the volume to 18 I stopper shake and allow to settle for about 1 week before 
using 

\ote— W hen small amounts of carbon are being determined the banum hydroxide 
solution ma) be diluted to a g per 18 1 

Procedure —The procedure is as follows (1) turn on the induction heater and 
the conductometric analwer and allow sufficient time for the water bath to reach 
a constant temperature of 40 C (2) close all stopcocks and pinch clamps Add 
dilute sodium hxdroxide solution to exhaust trap at top of II adjust the oxigen 
with the regulator to a pressure of 2 to 3 psi (3) open to permit barium 
hjdroxide to fill the glass tempering coil and the measuring cell Q Close S and 
$! and open S 3 to drain the banum hxdroxide down to constant \olume Close S 
Open 5 X parti) to adjust oxxgen flow Open S 2 to drain (4) open S 4 to reference 
cell Q l and fill to slighcl) below the water bath level Initially both the measuring 
and reference cells should be flushed out several times Lease the cell full (jj 
close pinch clamp r lower furnace base and place crucible with sample x eighed 
to the nearest milligram on the pedestal Close the furnace open the pinch 
clamp and then open S 4 slow Is until the owgen flow indicated by the flow m ter 
J reads about 300 ml per min (6j fill the measuring cell with barium hvdroude 
and adjust the volume as described in step (3) Adjust owgen flow and flush lor 
about 4 min (7) balance the measuring and standard cell on the Wheatstone bridge 
as indicated by the coincidence of the lines on the oscillosopt (bj turn on the 
induction furnace timer so that the sample is fired for 3 min and followed bv a 
4 min flush Rebalance the bridge with the decade resistor and record the 
resistance value (9) open S 2 to drain close F lower furnace base remove crucible 
and burned sample 

Standardization — \ graph is established b\ burning several standard samples of 
known carbon content and recording the resistance change of the banum hydroxide 
solution for each These resistance changes are plotted against the carbon p t 
centages on coordinate paper and should pronde nearlv a straight line oier the 
range of 0 to 03o% carbon For example standards containing 3a 0/ and 
carbon a 0 1 0 5 and I 0 g sampl" is used One scoop of granulated tin (less 
than 2 g) is used with each combustton of the standard and the sample 

Bum at least 2 different \BS samples weighed to the nearest milligram covering 
the range of the unknowns and plot the resistance change against the carbon 
content 

Some metals and alloys xequue an accelerator m order to effect a complete com 
bustion In this case the same amount of iron accelerator and tin is burned i ith 
the standards as with the unknowns (accelerator has a low uniform carbon content 
and is axailable from Laboratory Equipment Co St Joseph Michigan) MI cor 
rections are built into the standard curve to eliminate the correction for the carbon 
content of the accelerator In general the amount of accelerator used is about 
Oog 

A new graph is plotted daily 

An alternative method for standarduation is the use of potassium acid phthalate 
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Since the NBS steel standards have an appreciable variation in carbon content 
within a specified sample, and are relatively high in carbon content, this procedure 
makes it possible to set up a more accurate standard curve. This is especially 
helpful in the low carbon levels. By making a standard solution of potassium acid 
phthalate and dispensing measured amounts into tin cups (available from Labora 
tory Equipment Co.) by means of a micro syringe, it is possible to prepare about 
100 standards in 30 min. 


Potassium Acid 
Phthalate 

Volume 

= Carbon 

Milligrams per 250 cc. 

Cubic Centimeters 

y 

26.6 

0.2 

10 

53.1 

0.2 

20 

79.7 

0.2 

30 

106.2 

0.2 

40 

132.8 

0.2 

50 


Tin capsules are placed in holes of an aluminum drying block, filled with 0.2 cc. 
of solution of different concentrations by means of a micro syringe (0.25 cc. volume, 
Scientific Glass Company, or equivalent), and slowly evaporated to dryness in an 
oven at 100°C. or less. After the solution has been evaporated, the capsules are 
flattened with a spatula and rolled up tight into a compact form. In this way, 
standards can be prepared rapidly and stored for future use. It is always necessary 
to burn an accelerator with this standard in order to provide a sufficient mass of 
sample to effect adequate coupling to the induction heater. When such low carbon 
standards are run, the barium hydroxide solution is used more dilute (5 to 7.5 g. 
per 18 1.). 

Preparation of the Sample .— The sample should be used in the form of millings, 
drillings, or nibbled chips. All samples should be dust-free and degreased in a 
suitable solvent before analyzing. 
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PAINT, VARNISH, AND LACQUER 

li\ C \ I ucchesi * P | Secrest and C F Hirn 

Analttuxl Research Depaumeiu 
Sherwin Williams Co 
Chicago 111 


Introduction The term paint sometimes is used in a general way to describe 
all the surface coatings manufactured b\ the paint industry However the term 
usuallt is used in a more specific was to designate a highly pigmented coating 
In the broadest sense a paint mas be defined as a mixture of pigment binder 
thinuei and addttises which when spread m a dun film forms a solid adherent 
surface coating The pigment gises the paint color and hiding power the binder 
acts as a film former which holds the pigment on the painted surface the thinner 
brings the pigment binder mixture to a suitable consistency for application and 
the additnes impart special properties such as rapid drying The binder plus the 
thinner is called the tehicle because together these two components carry the 
pigment to a surface The pigment plus the binder (md some additnes) male up 
the nomolatile matter which becomes the dried paint film 

Rased upon the nature of the binder and the amount of pigment in a formula 
non surface coatings are commonh classified as paint tarnish or lacquer A paint 
and a tarnish both contain binders which form films primarily by oxidation and'tfl 
polinienzation \ lacquer contains a binder which becomes a film primarily by 
etiporation of the thinner A nmish differs from paint in that the tarnish is 
not pigmented a tarnish may be used as a paint tehicle A lacquer may or mat 
not be pigmented Eten when pigmented the pigment content of a lacquer b 
usually much lower than that of a paint Coatings are also classified according 
to the ttpe of thinner used in the formulation Coatings in which organic sohents 
are the thinner are called soltent type coatings those in which water is used are 
known as water ttpe or water based coatings The comentionaf paints tarnishes 
and lacquers are examples of solvent coatings The roost important example o 
the water based coatings is the latex paint The definitions of these and other 
• Currently affiliated with Research and Detelopment Ditision Mobil Chemical Co 
Metuchen Is J 
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terms relating to paint, varnish, and lacquer may be found in A.S.T.M. Desig- 
nation D16-57. 1 

The number and complexity of the raw materials available to the formulator 
of surface coatings have increased markedly since the publication of tire Fifth Edi- 
tion of this book in 1939. Almost all the binders and many of tire pigments non- 
in commercial use were not considered commercially important enough to be 
included in dre Fifth Edition. Instead of a drying oil and/or a natural resin binder 
and an inorganic pigment, a modern coating is likely to contain synthetic resins 
and plasticizers and may contain organic pigments. The synthetic resins found 
in today’s coatings include alkyds, aminos, acrylics, cellulosics, epoxies, phenolics, 
polyesters, silicones, vinyls, and rubber-type resins. In addition many very high 
molecular weight polymers and copolymers, such as styrene-butadiene and poly(vinyl 
acetate), are used as the binders in latex paints. Considerable changes in the 
pigments, dtinners, and additives hate also taken place. Because of this ever- 
increasing array of raw materials used in virtually thousands of different combina- 
tions, no complete scheme for die analysis of all surface coatings can be given. 
However, a general analytical approach which will enable one to identify the type 
of coating widi a fair degree of certainty can be presented. Since diis chapter is 
intended to help the non-paint chemist in die identification of die contents of a 
can labeled “paint,” “varnish,” or "lacquer," raw material quality control tests 
are not included. 

Strictly speaking, a coating can be considered identified only when each raw- 
material used in die manufacture of the coating has been identified and the rela- 
tive amounts of each are known. Fortunately, in practice it is rarely necessary to 
determine the additives present. When the nature and amounts of the pigment, 
binder, and thinner are known, the coating usual])- is considered identified. In 
order to identify and/or determine these three main components, they must be 
separated from each other. In general, die pigment is first separated from the 
vehicle, and then the binder is obtained as die nonvolatile portion of the vehicle. 
The thinner usually is recovered directly from the paint. For analytical purposes 
it is most convenient to consider all coatings as consisting of a pigment and a 
vehicle and to present methods for die identification and analysis of the pigment 
and vehicle portions. In this way unpigmented coatings, such as varnishes and 
other clear coatings, can be treated as vehicles in the general outline given in this 
chapter. 


PRELIMINARY INSPECTION OF THE SAMPLE 

A great deal of information about a paint product can be obtained simply bv 
reading the label on the can. The label usually will give the name of the manu- 
facturer, the intended use of the product, and some idea of the composition of 
the paint. If the product is a trade sales item (a product sold at retail directlv to 
the consuming public), very likely a statement of composition will be given on the 
label. The label analysis generally shows the percentages of pigment and vehicle 
present and something about the composition of the pigment and vehicle. Some 
label analyses are sufficiently detailed, for example, to show diat the vehicle in the 
paint is a linseed-soya alkyd resin. This information is very useful in deciding 

r American Society for Testing and Materials. Philadelphia, Pa., A.S.T.M. Standards on 
Paint, Varnish, Lacquer and Related Products, 1961. 
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such questions as what extraction sohent should be used tor separating the pigment 
and \ehicle and what methods should be used to analyze the vehicle Accordingly 
the label information should be noted as the first step of the analysis Of course 
for a sample which does not have a label analysis as much information concernin'* 
its history, use, performance, and cost should be obtained elsewhere, if possible 
Before the analysis is started the odor, color and condition of the paint sample 
should be noted Trom the odor one can tell if the coating is a sohent type ora 
water type coating For pigmented coatings the color will suggest which pigments 
are present as discussed in the Section ‘Identification and Analysis of Pigments 
The homogeneity of the sample should be checked before a portion is remm ed for 
analysts If the pigment has settled the paint should be thoroughly mixed if 
skins are present, they should be remoxed When possible it is best to retain 
a portion of the sample for future tests by immediately transferring just the right 
amount of sample to completely fill a container which should be tightly closed for 
storage 


TESTS ON THE TOTAL COATING 
GENERAL 

The nomolatile matter m a pigmented ot unpigmented coating is very important 
in determining the properties and cost of the coating and must be determined is 
part of every analysis It is standard practice to obtain the percentage of non 
volatile matter (abbreviated ®" 0 NVM) by heating a small sample of the coating 
in either a convection or vacuum oven and noting the loss in weight The proce 
dure making use of the vacuum oven is preferred betiuse oxidation of the binder 
present is less likely Other properties of the formulation, such as the weight per 
gallon the water content, and the flash point, may also be required These tests 
are made on the total formulation before any separations are made The methods 
given below are based on Federal Test Method Standard 141 2 

NONVOLATILE AND VOLATILE CONTENTS 

Procedure —Place a portion of the thoroughly mixed sample m a stoppered 
flask or weighing bottle (Note 1) 

Weigh the sample and container to the nearest milligram Transfer hoin 25 
to 3 5 g of pigmented paste or paint or 0 5 to 1 0 g of clear liquid (Note 2) to a 
weighed, flit bottom dish about 8 cm in diameter (Note 3) and weigh the con 
tamer anu’ sample again, and by difference calculate the weight of sampi'e trsirf 
fened to the dish 

Heat the dish and contents at 105° ± 2°C in a well ventilated, convection type 
oven for 3 hours or in a vacuum oven under a continuous vacuum of 29 ±05 
inches of mercury for 2 hours 

Cool the chsh and contents in a desiccator and weigh 

Trom the weight of residue in the dish and the weight of sample taken, calculate 
the percentage of nonvolatile or volatile matter as required 

Note 1 —An eyedroppei fitted into a cork which in turn fits into a 50 nil Erleninejer 
flask is a convenient way to handle the sample for weighing A Lunge p»pet or sjnng 
is also convenient 

Mederal Test Method Standard No 141 (foimerly Ted Spec 1 FP 141b) Paint, 
tush, Lacquer, and Related Materials, Methods of Inspection Sampling and res i 0 
C.eneral Services Administration, Business Seivite Center, Washington 25 D C Ho# 
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condenser jacket not less than 400 millimeters (1514 inches) in length with an inner 
tube 9 a to 12 7 millimeters {% to u inch) in outside diameter The end of the 
condenser to be inserted m the trap shall be ground off at an angle of 30* ±5* 
from the vertical axis of the condenser 

The trip shall be made of well annealed glass constructed in accordance with 
Fig 37 1 and shall be gradu ited as shown from 0 to 10 ml in 0 1 ml disisions The 
error of an) indicated capacity shall be not greater than 0 05 ml The outside 
diameters should be preferabl) 2 5 to 3 5 millimeters (% to inch) greater than 
the inside diameters specified 

Reagent The sohent used when testing paint products shall be ACS reagent 
grade toluene 

Sample — The sample shall be thoroughly representative of the material to be 
tested and the portion of the sample used for the test shall be thoroughly repre 
sematne of the sample itself Deviation from this requirement shall not be 
permuted 

When the sample to be tested contains less than 10% of water exactly 100 g 
of the material to be tested shall be placed into the flask and thoroughly mixed 
with 75 m! of toluene by swirling proper care being taken to avoid any loss of 
matei lal 

When the simple contains more than 10% water (by weight) the amount of 
material used shall be decreased to that which will yield somewhat less than 10 ml 
of water (IsoTt) 

Procedure — 1 he connections between the flask trap and condenser shall be 
made bv means of tight fitting corks as shown in Fig 37 I or standard taper glass 
ware mav be used throughout The end of the condenser inserted in the trap 
shall be adjusted to that position which will allow the end to be submerged to a 
depth of not more than 1 millimeter below the surface of the liquid in the trap 
after distillation conditions have been established A drying tube of the calcium 
chloride type shall be inserted in the top of the condenser tube to prevent con 
clcnsation of atmospheric moisture in the condenser tube Heat shall then be 
tpphecl and so regulated that the condensed distillate falls from the end of the 
condenser at the rate of from 2 to 5 drops per second 

I he distillation shall be continued at the specified rate until no water is visible 
on am part of the apparatus except at the bottom of the trap This operation 
usually requires less than 1 hour A persistent ring of condensed water in the 
condenser tube shall be removed by increasing the rate of distillation for a fe' 
minutes The number of ml of condensed water measured by the trap at room 
temperature multiplied by 100 and divided by the weight of the sample is tilt 
percentage of water (by weight) in the material 

Note— I n special cases wheie the water content exceeds 10% and it is not desirable to 
leduce the size of tl e sample to that which v ill yield somei hat less than 10 ml of " al * r 
a distilling tube receiver graduated from 0 to 25 ml may be used This tube shall he 
graduated from 0 to 2 ml in 0 1 nil anil from 2 to 25 ml in 0 2 ml 

FLASH POINT 

I he flash point of a material is the temperature at which it can be ignited by a 
small flame There are two standard methods by which the flash point of a p aint 
can be determined the open cup method and the closed cup method The open 
cup method is used chiefly to determine whether the paint must be classified as 
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“inflammable,” and therefore, required to have a “Red Label” for interstate ship- 
ping. Complete directions for determining the flash point by means of the Tag 
Open Cup apparatus can be found in A.S.T.M. Method D1310-59T. A procedure 
for the open cup method is given in the chapter on Petroleum and Petroleum 
Products in this volume. 

The closed cup method is most frequently specified in governmental and indus- 
trial specifications as a measure of the flammability hazards of a coating material. 
The flash point of a coating material by the closed cup method is commonly deter- 
mined b) either one of two methods. One method is by the use of the Pensky- 
Martens Closed Cup Tester. The details of this method are given in A.S.T.M. 
Method D93-61 and in Federal Test Method Standard 141, Method 4293. This 
method is intended for determining the flash point of pigmented coating materials 
that require stirring to obtain uniform distribution of heat. The other closed cup 
method, described in A.S.T.M. Method D56-61 and in Federal Test Method Standard 
141 Method 4291, is by means of the Tag Closed Tester. This method can be used 
for all mobile liquids, such as varnishes and thinners, which flash below 79°C. 
(175°F.). The Tag Closed Tester can likewise generally be used to determine the 
flash point of pigmented materials which do not have an unusually high viscosity. 
Detailed procedures for both closed cup methods are given in the chapter on 
Petroleum and Petroleum Products in this volume. 

SEPARATION OF PIGMENT, BINDER, AND THINNER 
OF SOLVENT TYPE COATINGS 

GENERAL 

The most fundamental process in the analysis of a pigmented coating is the 
separation of pigment and vehicle. Depending upon whether the coating is a 
solvent type or water type, different treatment is required to resolve the pigment 
and vehicle. For solvent paints the standard methods involve diluting the paint 
with a solvent mixture in which the vehicle is soluble and in which the pigment is 
insoluble. After dilution the paint is centrifuged to remove the pigment. The 
pigment content is determined by drying and weighing the separated pigment. 

It should be pointed out that complete separation of pigment and vehicle is 
seldom achieved. Usually a small amount of vehicle is left with the pigment por- 
tion through adsorption of the vehicle on pigment particles. On the other hand, 
some pigment particles stay with the vehicle in the form of a colloidal dispersion. 
The separated pigments and vehicles also may be different from the original pig- 
ment and vehicle used in the manufacture of the paint because of chemical re- 
actions of the components. For example, in paints containing zinc oxide, some 
zinc may be found in the vehicle portion due to reaction of the basic zinc oxide 
with an acidic binder. 

ISOLATION AND DETERMINATION OF PIGMENT 

Extraction Mixture— The solvent mixture used for the extraction of the vehicle 
from the pigment depends upon the particular pigments and vehicle in the coating. 
The extraction solvents recommended for certain groups of pigments in various 
vehicles as given in Federal Test Method Standard 141, Method 4021 are listed 
below (also see Note 2, p. 1623): 
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Pigment Groups 

I Whites, all II 

Ultramarine blue 
Yellow ochre 
Yellow iron oxide 
Chrome yellow and orange III 
Molybdate orange 
Metallic brown 
Umbers and siennas 
Mineral red iron oxide 
Bright red 
Indian red 
Venetian red 
Chromium oxide green 
Carbon black. 

Extraction Salients 

A 10 vols ethyl ether C 1 vol toluene 

6 vols benzene 1 vol acetone 

4 vols methanol 
1 vol acetone 

B 3 vols toluene D 1 vol ethvl ether 

4 vols absolute ethanol 3 vols petroleum ether 

3 vols acetone 

Selection of Extraction Salients 
COATING OR VEHICLE PIGMENT GROUP EXTRACTION SOLVENT 

1 Paint 1 Mixture A 

Enamel 

Lacquer 

Paste 

Color-m-OiI 

2 Linseed Oil Vehicles I Pen oleum ether when mixture \ « 

not satisfactory 
II Petroleum ether 

HI Mineral spirits followed by hot ab- 

solutealcohol (See note, p 1623) 

3 Varnish and Resin Vehicles III Mixture B 

4 Cellulosic lacquers and I and II Extraction mixture C May be nee 

vinyl paints (except for essary to modify with other appro 

tolutdine) pnate solvents if separation is 

unsatisfactory 

II Mixture/) In some cases the ratio 

of ethyl ether may have to be in- 
creased 


Lampblack 
Carbon black 
Toluidine 

Chrome green 
Iron blue 


5 Toluidine Enamels 
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Note.— Group III pigments may be separated from linseed oil vehicles in the following 
way: Place 10 to 15 g. of sample in a weighed four-ounce screw cap bottle. Add 5 ml. of 
mineral spirits, replace cap, and shake thoroughly. Remove cap, add 45 ml. of hot abso- 
lute ethanol, and mix thoroughly by stirring with a glass rod. Keep the bottle and con- 
tents in a hot water bath while stirring. Remove Lhe stirring rod and wash any adhering 
pigment back into tl)e bottle with hot alcohol. Centrifuge while hot for about 2 minutes. 
Pour off the clear solvent and oil la^er and rinse the bottle with hot alcohol without 
disturbing the pigment cake. Repeat the extraction three times. Dry the bottle and con- 
tents as below and calculate the pigment content. 

Procedure .— Weigh about 15 g. of sample (to nearest 0.1 g.) into a four-ounce 
bottle with a screw cap (Note 1). Add 50 to 60 ml. of the extraction mixture indi- 
cated above. Screw cap onto bottle and shake until thoroughly mixed. Place the 
bottle in a centriiuge and counterbalance the container of the opposite arm with 
another sample or with a bottle containing water. Centrifuge until well settled. 
Decant the clear supernatant liquid and add about 50 ml. of extraction mixture. 
Shake vigorously to redisperse the pigment. Centrifuge as before. Repeat once 
more. (A final wash with ethyl ether hastens the drying process.) Save all the 
decanted liquid portions if the binder is to be recovered from the extraction liquid. 

Initially dry the pigment by passing a gentle current of air into the bottle. Re- 
place the cover and shake the bottle to break up the pigment. Remove the cover 
and place in an oven at 105° ± 2°C. for 2 lirs. 

Cool, weigh, and calculate the percentage of pigment. 

When a pigment analysis is required, transfer all of the pigment to a mortar. 
Grind with the pestle, stopping occasionally to scrape the sides of the mortar with 
a spatula to thoroughly mix the pigment since stratification of the pigment may 
occur during centrifugation. Pass the powder through a No. 80 sieve to remove 
any “skins” and save the pigment in the four-ounce screw cap bottle. 

Note.— 1. The authors have found that four-ounce screw cap bottles about 11 cm. in 
height and 4.5 cm. in diameter to be more convenient than centrifuge tubes. If such 
bottles are unavailable, the sample may be placed in a centrifuge tube and mixed with a 
glass Stirling rod where the above proceduie calls for shaking. Crown No. 9-456 bottles 
Irom Crown Glass Corporation have been found to be satisfactory. An International 
Centrifuge, size 1, type C, also has been found to be satisfactory. 

2. Suggestions for other pigment-vehicle combinations may be found in tefcrence 3. 

ISOLATION OF VEHICLE (SUPERCENTRIFUGE) 

General .— This procedure is satisfactory for most materials except black and 
certain other organic pigments. 

Procedure .— About 75 ml. of a well-mixed paint are placed in the bowl of a 
laboratory supercentrifuge. If the viscosity is too high, reduce with’ suitable solvent 
to the consistency of an ordinary enamel. Record weight of solvent added to the 
weight of total paint in this case. 

The material is then revolved at approximately 40,000 r.p.m. for a period of 
30 min. or until clear. The isolated vehicle is then removed and placed in a well- 
stoppered bottle. Every precaution should be taken to prevent evaporation of 
solvent from the vehicle. The isolated vehicle is held and used for other tests. 

ISOLATION OF THINNER (VOLATILE MATTER) 

General .— Two procedures for the isolation of the volatile matter in a coating 
are regarded as standard; one involves ordinary distillation and the other steam dis- 
tillation. Steam distillation is the more generally applicable of the two because 
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all times. Vacuum distillation may be used and is preferred, particularly where 
nonvolatile ingredients having low decomposition temperatures are involved. 

Thoroughly mix and examine the distillate for the properties required of the 
volatile matter in the coating material. 

ISOLATION AND DETERMINATION OF THE BINDER 
(NONVOLATILE VEHICLE) CONTENT 

General — The binder may be obtained by evaporation of the volatile material 
from the isolated vehicle or from the decanted liquid portions remaining after the 
isolation of the pigment. When the binder (nonvolatile vehicle) is to be recovered 
for identification purposes, both methods are equally satisfactory. When a quanti- 
tative analysis of the binder is to be made, it is convenient to make the analysis 
\ ia the isolated vehicle as obtained in the section "Isolation of Vehicle (Supercen- 
trifuge),” above. 

Procedure by Ordinary Centrifuge .— Proceed as in section on Isolation and De- 
termination of Pigment (page 1621) and retain all of the decanted liquid. 

Combine the liquid portions and evaporate on a steam bath until all volatile 
matter has been removed. The remaining nonvolatile portion is the binder. 

Procedure by Supercentrifuge .— Isolate the vehicle by the supercentrifuge 
method. 

Determine the nonvolatile matter in the isolated vehicle as given in the sections on 
Nonvolatile and Volatile Contents (page 1618) or Nonvolatile Content (page 1642). 
See the section on Nonvolatile and Volatile Contents for a discussion of the factois 
involved in obtaining an accurate nonvolatile content determination. 

The nonvolatile portion of the vehicle is reported as the per cent nonvolatile, 
usually abbreviated as %NVV. The nonvolatile vehicle is the binder. 


CALCULATION OF BINDER OR PIGMENT CONTENTS 
General .— The percentage of nonvolatile matter in the total paint (NVM), the 
percentage of binder in the vehicle (NVV), and the percentage of binder in the 
total paint are related through the equation given below. When any two of the 
three quantities are known, the third may be calculated. 

Let: A = %NVM = nonvolatile matter in total paint 

B = %NVV = nonvolatile vehicle or binder content of vehicle 
C = % of binder (or vehicle solids) in total paint. 

„. 100 — B 100 - A 

I hen : = 

B C 

Binder (or Vehicle Solids) Content of Total Paint.— 


Pigment Content.— 


(100 - A) 

B (100 - B ) 


% Pigment in Total Paint = %NVM — C, or 


% Pigment in Total Paint 


(A - B) 100 


100 - B 
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ISOLATION AND DETERMINATION OF BINDER 
The binder (plus additives) may be obtained as the nonvolatile portion of the 
vehicle separated above. See Sections on pages 1618, and 1642. 

DETERMINATION OF THE WATER CONTENT 
The water in a latex or emulsion paint may be determined as described on 
page 1619. 


IDENTIFICATION OF THE BINDER 

GENERAL 

As the film-forming part of a surface coating, the binder imparts many of the 
special properties of a particular formulation. For this reason, the identification 
of the binder is usually the most important step in the analysis of a coating. As 
indicated earlier, the binder may contain drying oils, natural or synthetic resins, 
high-molecular weight polymers, and plasticizers. Synthetic resins are actually 
polymers, and whether a binder is called a resin or a polymer is dictated by com- 
mon usage. Virtually all of the polymers found in commercial plastics and in 
rubber products have been used as binders in modern coatings. Accordingly, the 
information given in the chapters on the analysis of plastics and rubber in this 
volume may aid in the identification of a particular binder. The present chapter 
is confined to the presentation of methods for those materials most likely to be 
found in the binder portion of finished paint, varnish, and lacquer products. 

It must be emphasized that the binders of lacquer formulations almost always 
contain monomers in addition to the polymeric film-former. The monomers are 
called plasticizers and are added to improve the flexibility of the lacquer film. 
(Other low-molecular weight materials, such as drying oils and resins, also may be 
present in a product labeled a “lacquer” and may act as plasticizers in addition 
to performing other functions. For the purposes of this discussion, monomers, 
oils, and resins are all included in the term “plasticizer.”) In order to fully identify 
a lacquer binder, both the polymer and plasticizer portions present must be identi- 
fied. Identification of the types of polymer and plasticizer present sometimes may 
be made by tests applied to the total binder, but usually it is necessary to separate 
the two before each can be fully characterized. Methods for their separation 
depend upon the particular polymers and plasticizers present. Consequently, the 
total binder should be tested first by the methods given for the polymers below in 
order to obtain some idea of which polymer is present. Then, the polymer- 
plasticizer separation may be made by the procedure given under the heading of 
the polymer in the section on Analysis of the Vehicle, p. 1641. 

The most common lacquer polymers include cellulose nitrate, cellulose acetate, 
cellulose acetate-butyrate, ethyl cellulose, poly(vinyI chloride), poly(vinyl chloride- 
acetate), and poly(methyl methacrylate). The common plasticizers are phthalate 
esters, aryl phosphates, and low molecular weight alkyds. In contrast with the 
lacquers, the binders of paints and varnishes usually do not contain plasticizers; 
instead they almost always contain oils which are self-plasticizers. Common paint 
and varnish binders include oil-modified alkyds, drying oils, drying oils modified 
with rosin derivatives or phenolic resins, oil modified alkyds blended with mela- 
mine and/or urea resins, styrenated alkyds, and epoxides. The binders of latex 
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Table 37-1. Identification Scheme for Polymers, Resins, and Oils Based on 

Infrared Absorption Bands 


Pari I — Ester Types (< Carbonyl Band at 5.8 Microns) 


6.3, 6.7 

Present 

(Aromatic) 


—6.5, 8.2 
—7.7, 8.1, 13.8 
—7.8, 8.9, 9.3, 13.5, 14.2 
—7.9, ^9.0, 11.5, 13.8 
—8.1, 8.5, 12.1 
—12.3, 12.8, 14.3 
— 13.2—13.4, 14.3 


Carbonyl Band 
at 5.8 Microns 


—6.85, 8.1 (w-), 8.6 
—7.0, 7.26, 8.1 
—7.0, 14.5(6) 


1 6.3, 6.7 

Absent 

(Aliphatic) 


—8.1,8.55, 12.2 
—9.0— 9.5(6) 
—9—10(5), 7.9, 8.05 
—9—10(5), 8.0(6) 


Polyurethanes 

Isophthalate Alkyds and Polyesters 
Phthalate Alkyds and Polyesters 
Terephthalate Alkyds and Polyesters 
Bisphenol Epoxy Esters 
Vinyl Toluene Esters 
Styrenated Esters 


Oils 

Poly (vinyl acetate) 

Poly(vinyl chloride-acetate) and Poly(vinylidcne 
chloride-acetate) 

Rosin Esters 
Cellulose Esters 
Polymethacrylates 
Polyacrylates 


Part II — Non-Ester Types (No Carbonyl Band at 5.8 Microns) 


6.3, 6.7 

Present 

(Aromatic) 


—3.0, 8.2, 11—15 
—7.0, 9-10(5) 
—8.1, 8.5, 12.1 
—12.3, 12.8, 14.3 
—13.2, 14.3 


Phenolics 
Phenyl Siloxane 
Bisphenol Epoxides 
Poly(vinyl toluene) 
Polystyrene 


No Band 
at 5.8 Microns 


—3.0, 9.0— 9.6 
—4.4 


1 6.3, 6.7 1 

Absent 

(Aliphatic) 


—6.1, 6.5 
—6.1, 7.9, 12.0 
—6.5, 12.1 
—6.5, 12.3 
—7.0, 7.4, 9.5(6) 
—7.0, 7.5, 14.5(6) 
—7.9, 9—10(5) 


-9.0 


Poly (vinyl alcohol) 

Polyacrylonitrile 

Urea-formaldehyde and Polyamides 
Cellulose Nitrate 
Benzoguanamine-formaldehyde 
Melamine-formaldehyde 
Poly(vinylidene chloride) 

Poly (vinyl chloride) 

Methyl Siloxane 

Polyvinyl Ethers and Acetals, Cellulose Ethers 


KEY: (w), weak; (5), strong; (6), broad. 


and consequently, the unknown is placed in Part I of the table. Next, it is neces- 
sary to note if bands at about 6.3 and 6.7 microns are present. These bands also 
are present in Fig. 37-2, and consequently, the unknown has been narrowed down 
to something given in the upper half of Part I. At this point the unknown has 
been identified as an aromatic ester. For more detailed identification, the strong 
bands from 6.5 microns and higher become important. The strongest band in this 
region is at 7.8 or 7.9; next strong band is at 8.8 or 8.9; next at about 9.3; next at 
about 13.4; and next at about 14.3. Comparison of these numbers with those given 
in Table 37-1 shows that the unknown is probably a phthalate alkyd (or polyester) 
or a styrenated ester. Table 37-2 lists a phthalate alkyd as spectrum number 1 
and a styrenated phthalate alkyd as spectrum number 2. Comparison of the spec- 
trum of the unknown with the two reference spectra at the end of the chapter 
shows that the unknown’s spectrum matches that of a styrenated phthalate alkyd. 
This matching of spectra is considered sufficient evidence to establish that the un- 
known binder is primarily a styrenated phthalate alkyd. 

The above example serves to demonstrate both the utility and the limitations 
of the infrared method. By infrared it was very easy to show that the binder was 
a phthalate alkyd, and it was equally simple to show that the alkyd was styrenated, 



Table 37-2 List of Infrared Spectra of Binder Materials 


Spectrum 


Bud,” Malawi, Kmln 

Alkyd Resins 

Linseed Glycerol Phihalale (film) j 

Sty renamed Soya Tung Glyceryl Phthalate (film) 2 

Vinyl Toluenated Soya Tung Glycerol Phthalate (film) 3 

Alkyd-Melamine Urea Blend (film) 4 

Amino Resins 

Melamine Formaldehyde, n-Butylated (film) 5 

Urea-Formaldehyde, n-Butylated (film) g 

Ben2oguanamine-Fornialdeh>de (film) 7 

Oils 

Linseed Oil, Raw (liquid) 8 

OiUcica Oil (liquid) 9 

Tung Oil (liquid) 10 

Castor Oil, Dehydrated (liquid) 11 

Phenolic Modified Linseed Oil Varnish (film) 12 

Phenolic Resins 

/>- tert -Butylphenol-Formaldehyde (1 4 mg in KBr) 11 

p-Phenylphenol-Formaldehyde (1 2 mg m KBr) 14 

Rosm Derivatives 

Glyceryl Ester of Rosm (Ester Gum) (film) 1 5 

Maleic Rosin Ester (film) 16 

Zinc Resinate (film) 17 

Pentaerythritol Dehydrated Castor Oil Rosin Varnish (film) 18 

Epoxides 

Bisphenol Type with Epoxide Equivalent of 200 (1 mg in KBr) 19 

Bisphenol Type with Epoxide Equivalent of 500 (1 mg in KBr) 20 

Epoxide Ester of Castor Oil (film) 21 

Cellulosics 


Cellulose Nitrate (film) 22 

Cellulose Nitrate, Phthalate Ester Plasticized (film) 23 

Cellulose Acetate (film) 24 

Cellulose Acetate-Butyrate (film) 25 

Vinyls 

Poly(\in>I chlotide) (film) 26 

Poly(vinvI chloride), Phthalate Ester Plasticized 27 

Poly(vinvt chloride-acctate) (film) . 28 

YrA/ifvnry'i x'n'iur nkt -acer aie -n rJieifie'; \Y% Via’ieic Xcicij (nim; 33 

Acrylics 

Poly(methyl methacrylate) (film) 30 

Poly(methy I methacrylate), Phthalate Ester Plasticized (film) 31 

Poly(melhyl methacrylate butyl methacrylate) (film) 32 

Plasticizers 

Di(2 ethvlhexyl)phthalate (liquid) 33 


Butyl Benzyl Phthalate (liquid) 34 

Epoxidized Soya Oil (liquid) 3? 

Trjcresyl Phosphate (liquid) 36 

Latex Polymers 

Poly(styrcne-butadiene) (film on AgCl) 37 

Styrene-Acrylonitrile-Acrylate Terpolymcr (film on AgCl) 38 

Poly (vinyl acetate) (film on AgCl) 3" 

(Footnote on facing page 1 
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Fig. 37-2. Spectrum of Unknown Binder. 


and not, for example, vinyl toluenated. To distinguish between a styrenated and 
vinyl toluenated alkyl is of practical importance with this type of binder, and it 
is very difficult to do so by chemical means. Further, the infrared procedure re- 
quires less than an hour of operator time. Unfortunately, in the case of alkycls, 
one limitation is that their infrared spectra reveal almost no information about 
the fatty acid and polyhydric alcohol part ot the alkycl. Once it is known the 
binder is an alkyd, however, it may be saponified and the constituents can be deter- 
mined as described in the section on Alkyds of this chapter. A second limitation 
of die infrared method is a general one and is reflected in the use of the qualifying 
term “primarily” in the above identification. “Primarily” should be used when 
only an infrared identification is made because there is always the possibility that 
a few per cent of another material which is not revealed in the spectrum of the 
binder may be present. 

Several excellent papers on the use of infrared spectroscopy for the identifica- 
tion of polymers and resins have appeared in the literature. 13 Recently, a com- 
prehensive paper on “An Introduction to the Use of Infrared Spectroscopy in the 
Field of Paints and Coatings” has been prepared by the Technical Committee of 
the Chicago Society for Paint Technology specifically for the practicing paint 
analytical chemist. 14 This paper presents the elementary theory of infrared spec- 
trophotometry, techniques for the preparation of samples for infrared analysis, 
types of apparatus and accessories available, and methods of qualitative and quanti- 
tative analysis by infrared. Systematic reviews of the qualitative, quantitative, and 
research applications of infrared as applied to the paint industry with 2G3 refer- 
ences are given. Reference spectra of 121 binder materials, 46 pigments, 22 sol- 


13 \\ einberger, L. A. and Kagarise, R. E„ Infraied Spectra of Plastics and Resins U S 
Dept, of Commerce, O. T. S. Bulletin No. PBI11438, 1954; Hausdorlf, H. Analysis' of 
Polymers b\ Infraied Spectroscope , Pittsburgh Conference on Analytical Chemistry and 
Applied Spectroscopy, 1951. (Repiintec! by Perk in -Elmer Corp., Norwalk, Conn.). 

14 Brown, W. H., Ansel, R. E., McGinness, J. D., and Lucchesi, C. A., Offic DR Federa- 
tion Societies Paint Technology 33, Part II of March Issue, 1961. 


(Footnote to Table 37-2) 

The state of the sample used to obtain the infrared sprectrum is given in parenthesis after 
the name o. the material. The term ‘’film” means the sample was cast from solution as a film 
on sodium chloride. Film on AgCl” means the film was cast on silver chloride and “KBr” 
means the material was dispersed in a potassium bromide pellet. The exact procedures are 
given at the end of the chapter in the section on Infrared Spectra. 
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Table 37-3. 

Qualitative and Spot Tests for Polymers and Resins 

Test 

Binder Materials 

Giving Positive Test 

Remarks 

Nitrogen 

(Sodium Fusion) 

Melamine-Formaldehyde 
Urea-F ormaldehyde 
Cellulose Nitrate 

Polyamides 

Acrylonitrile Polymers 

Sulphonamides 

Polyurethanes 

Vehicles separated from paints 
containing Prussian blue or 
phthalocyanine blue may give 
positive test due to presence of 
these pigments. 

Halogen 

(Sodium Fusion 
and Beilstein 

Test) 

Poly(vinyl chloride) 

Poly (vinyl chloride-acetate) 
Poly(vinylidene chloride) 
Chloroprene 

Chlorinated Rubber 

Rubber Hydrochloride 

Residues of chlorinated solvents 
may cause positive test. 

Sulfur 

Polysulfide Rubber 
Sulphonamides 

See Chapter on Rubber Products 

Formaldehyde 

Melamine-F ormaldehyde 

U rea-F ormaldehyde 
Phenol-Formaldehyde 

Phenolic modified rosin may give 
negative test. 

o-Phthalate 

(Phenolphthalein) 

Phthalate Alkyds 

Phthalate Polyesters 
Phthalate Plasticizers 

Isophthalic and terephthalic al- 
kyds and polyesters give negative 
tests. Cellulose nitrate interferes. 

o-Phthalate 

(Quinizarin) 

Same as above 

Same as above, but cellulose ni- 
trate does not interfere. 

Acetate 

Poly(vinyl acetate) 
Poly(vinyl acetate-maleate) 
Poly(vinyl alcohol) 
Poly(vinyl acetal) 

Cellulose Acetate 

Poly(vinyl chloride-acetate), Poly- 
(vinyl butyral), Poly (vinyl ace- 
tate-propionate), Poly (vinyl 
acetate-butyrate) may give nega- 
tive tests. 

Cellulosics 

Cellulose 

Cellulose Acetate 

Cellulose Acetate-Butyrate 
Methyl Cellulose 

Cellulose nitrate does not give posi- 
tive test 

Nitrate 

Cellulose Nitrate 

Melamine, urea, polyamide, 

acrylonitrile, acrylate, and vinyl 
resins give negative tests. Cou- 
marone resins and oxidizing 
agents interfere. 

Epoxide 

(Foucry) 

Bisphenol-Type Epoxy 
Resins and Varnishes 

Epoxidized oils may give negative 
test. Phenolics and nitrogen 
resins do not interfere. 
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Table 37-3 ( Continued ) 

Test 

Epoxide 

(Swann) 

Binder Materials 

Guttig Pontne Test 

Same as above 

Remarks 

Same as above 

Phenolic 

(Gibbs) 

Phenol Formaldehyde 
Phenolic Varnishes 
Turfural-Phenol Resins 

Bisphenol type epoxides and epo\y 
resin esters, coumarone-indene 
resins, and some alkyds give posi 
tive tests 

Phenolic 

(Swann) 

Same as above 

Bisphenol type epoxides do not in- 
terfere Alkyds give negative 
tests 

Stviene 

Polyst>rene 
Stvrene-Butadiene 
Styrenated Alkyds 
Styrenated Oils 

Phenohcs and epoxides do not in 
terfere Vinyl toluenated alkyds 
and oils give positive tests 

Urea 

Urea-Formaldehyde 

Melamine, polyurethane and alkyd 
resins do not give positive test 
Some heat reactive phenohcs 
may interfere 

Melamine 

(Swann) 

Melamine-Formaldehyde 

Urea, polyurethane, and alkyd 
resins do not interfere 

Melamine 

(Feign 

Melamme-Formaldehyde 

Urea gives negative test but cellu 
lose nitrate gives positive test 

Rosin 

(Licbermann- 

-Storch) 

Rosin 

Rosin Esters 

Metal Salts of Rosin 

Maleic Modified Rosin 

Tall Oil 

Rosin-Modified Phenohcs 
Rosin -Modified Alkyds 

Other natural resins give similar 
colors and interpretation must be 
made cautiously Highly poly- 
merized or oxidized oils and 
coumarone-indene resins may 
give positive lest 

Methacrylates 

Poly(methyl methacrylate) 

Poly(methyl acrylate) and cellulose 
nitrate give negative tests 

Chlorinated 

Rubber 

Chlorinated Rubber, and 
Substances having ter- 
minal — CH2CI or 
— CHClf groups 

Chloroprene gives negative lest 
Poly (vinyl chloride) gives pc" 
tive test 
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Note.— Chromotropic acid (l,8-dihydroxynaphthalene-3,G-disulfonic acid) may be re- 
placed with veratrole (1,2-dimethoxybenzcne). 

Ortho-Phthalate.—Ortho-phthalate alkyds have been detected by the formation 
of a white sublimation upon pyrolysis of the resin, by the formation of fluorescein 
when treated with resorcinol, by the formation of quinizarin when treated with 
hydroquinone, and by the formation of phenolphthalein when reacted with phe- 
nol. 5 - 10 ’ 21 The latter method is most reliable, but in the presence of cellulose 
nitrate the test yields a dark water-soluble material which obscures the phenol- 
phthalein color. Consequently, if it is suspected that cellulose nitrate is present in 
the sample, phthalate must be detected in some other way. For this reason two 
procedures are given below. If the dark material appears as a result of the first 
test (phenolphthalein), then the second test (quinizarin) must be made. 

Phenolphthalein Procedure.— Add 2 to 3 g. of phenol (Note 1) and 5 drops of 
concentrated sulfuric acid (sp. gr. 1.84) to 1 g. of binder in a test tube. Bring to 
a gentle boil and keep boiling for 15 sec. Cool, dilute with water, and mix by 
inverting the tube several times. Wait about 2 min. and add a 10% solution of 
potassium hydroxide until the mixture is alkaline. 

The appearance of the pink color of phenolphthalein as the solution is made 
alkaline is a positive test for ort/fo-phthalate. 

Quinizarin Procedure.— Place a drop of vehicle or a piece of binder in a 25 x 150 
mm. borosilicate glass test tube and add about 1 g. of hydroquinone and 2 ml. of 
concentrated sulfuric acid (sp. gr. 1.84). Place the tube and contents in a glycerol 
bath initially at room temperature (Note 2) and heat the bath to 190°C. Remove 
the test tube, cool, and cautiously add 25 ml. of water. Then add 20 ml. of ben- 
zene and shake the mixture. 

A yellow color in the benzene layer is a positive test for ort/;o-phthalate. For 
confirmation, transfer part of the benzene layer to another test tube and shake 
with dilute aqueous alkali. A violet color results when orl/m-phthalates are present. 

Notes.— 1. It is convenient to melt the phenol first and then add a few milliliters with an 
eye dropper. 

2. Alternatively, the test tube may be fitted with a thermometer and slowly heated to 
190°C. over a small Bunsen flame. 

Acetates— No method for the detection of acetate binders is regarded as standard. 
The method given below has been used by the authors. 

Procedure.— Warm a piece of binder (see Note) in about 1 ml. of dilute hydro- 
chloric acid for 10 min., cool, and add a drop of 5% solution of lanthanum nitrate, 
1 drop of 0.1 M iodine, and enough concentrated ammonia to make the solution 
basic. A blue or brown color quickly develops in the binder if acetate is present. 

Note— Best results are obtained when the dried binder is pulverized before it is added 
to the acid.i G 

Cellulosics .—' There are no tests for cellulosics which are regarded as standard. 
The method given below 10 has been found to be useful by the authors. 

Procedure.— Place a piece of the binder and a drop of concentrated phosphoric 
acid in a micro 15 x 125 mm. test tube fixed in an asbestos board. Cover the mouth 
of the test tube with a piece of filter paper moistened in aniline acetate solution 
(10% of aniline in 10% acetic acid) and weigh down with a watch glass. Cautiously 
heat test tube with a micro flame for 30 to 60 seconds. 

- 1 Swann, M. H., Anal. Chem. 29, 1352, 1957. 
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A red fleck appears on the filter paper if cellulose or a cellulose derivative is 
present Onlv a v iv id led color should be taken as a positive test Many bindets 
such as cellulose nitrate bisphenol epoxides and polymerized oils give an oran°e 
color I his orange color should not be mistaken as a positive test It is best to 
run a known (as cellulose acetate) along with the unknown to help in the inter 
pretation of the color 

N itrates The diphemlamine test for nitrate is the standard method lor detect 
ing cellulose nitrate Tests by the authors on clear blends of cellulose nitrate with 
acrylics with vinvN and with dkvcls inditite that as little as 1% cellulose nitrate 
m these blends can be detected easily with diphtnylamine Strong oxidizing agents 
such as chromites in a pigmented coating interfere by over oxidizing the reagent 
and causing the formation of a brown to black color 
Reagent —Prepare 80% sulfuric acid by mixing 100 ml of acid (sp gr I 81) with 
30 ml of distilled water Then add 100 mg of diphenylaminc to 100 ml of the 
8o% acid solution 

Procedure Place a few drops of the reagent on the surface of a dried film (or 
chips) of the binder in the depression of a white porcelain spot plate 
The immediate appearance of an intense blue color is a positive test for 
nitrate The blue color gradually disappears and a blackened spot remains after 
a few minutes 

Epoxides — The YSTM is cuirently studying three Foucry tests * and a spot 
test proposed by Swann 3 for their use m detecting bisphenol type epoxides in 
resin mixtures The two most promising tests are given below 

Foucry Nitric Acid Procedure— Dissolve 0 1 g of binder in 10 ml of conceit 
trated sulfuric acid by sh iking at room temperature To 1 ml of the sulfuric acid 
solution add 1 ml of 63% nitric acid (63 ml HNO s sp gr 1 42 with 37 ml water) 
and allow the mixture to stand for 5 min 

Poui the mixture into 100 ml of o% NaOH (d g NaOH pellets plus 9a ml 
water) with stirring Note the color when the heavier (more viscous) acid solution 
strikes down into the alkaline solution \ positive result usually follows when a 
reddish color is produced wheieas a negative test results if only a whitish cloud 
is formed However the final color of the total solution obtained upon stirring 
should be the criterion of the test A positive test is indicated bv an orange red 
solution (sometimes almost totallv red) which forms immediately 
Swann Spot Test Procedure —Dissolve about 0 1 g of binder in about 5 ml of 
concentrated sulfuric acid If necessary a water bath at 40 to 50°C may be used 
to effect solution The sample in sulfuric acid is then diluted with more concen 
trated sulfuric acid (or v small amount is added dropwise to about 5 ml of acid 
in a test tube) until the color of the diluted sample approximates that of 0 1 » 
potassium dichromate solution (see Note) 

Dip a glass stirring rod into the acid solution and streak the rod across a piece 
of filter paper suspended in a horizontal position If bisphenol type epoxy Tesins 
are present a bright purple color develops m less than a minute eventually the 
color turns blue 

Note —D ilution to an approximate color makes the test specific for epoxy resins IhoJ* 
concentrations of other binder materials such as fish oil tung or oiticia oil cvtlopci 1 ^ 
diene treated linseed oil rosin rosin esters and some phenolic resins produce pink to n 
colors which may cause confusion 

0 Rudd H \\ and Zonsveld J J Oil and Odour Chemists Assoc 39 314 
2 * Swann \f H Offic Dig Iederation Soc I aint Technology 30, 12/7 19->8 
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Phenolic Resins .— Five tests for phenolic resins have been subjected to coopera- 
tive study: that of Kappelmeier with 2-nitro-4-aniline, that of Gibbs with 2,6- 
dibromoquinone-4-chlorimide, that of Moir with p-nitroaniline, that of Millon with 
mercurynitric acid, and that of Swann with nitrous acid. From a comparative 
study of the first three tests, in which phenol formaldehyde resins, modified phe- 
nolic resins, and phenolic varnishes were involved, the Association of Paint Re- 
search in the Netherlands concluded that on the whole the Moir Method was “to 
be preferred but that in many cases the Gibbs method also gave satisfactory re- 
sults.” 24 A current A.S.T.M. study of the Gibbs, Millon, and Swann procedures, 
involving epoxides as well as phenolics, has already shown that the Gibbs and 
Millon methods give positive results for bisphenol-type epoxides and epoxy resin 
esters. Thus far, the Swann method appears to be free of interference from 
bisphenol-type epoxides. 

A method for distinguishing between phenolics and epoxides is particularly 
valuable because in some cases a small amount of phenolic resin cannot be seen 
in the infrared spectrum of a resin mixture containing the two resins. For 
this reason the Swann method as well as the more generally recognized Gibbs 
method 2 -- s is given below. 

Gibbs Procedure.— Place about 1 milligram of binder in a micro test tube fixed 
in an asbestos board. Cover the mouth of the test tube with a disk of filter paper 
which has been bathed in a saturated ether solution of 2,6-dibromoquinone-4- 
thlorimide and then dried (see Note). Heat the bottom of the test tube gently at 
first and then more strongly until fumes are produced, and make the fumes come 
into contact with the reagent paper. Several minutes heating are required in most 
cases. Cool the paper and expose it to ammonia vapor. A blue stain is a positive 
test for phenol. 

Swann Procedure.— Place 40 ml. of benzene in a 50-ml. glass-stoppered graduate 
and add 50 mg. of the binder to be tested. If the binder is insoluble in benzene, 
dissolve it in 20 ml. of butyl acetate and then add 20 ml. of benzene. 

Add 10 ml. of 3.6 N sulfuric acid followed by 2 drops of a freshly prepared solu- 
tion of 20% sodium nitrite. Stopper and shake vigorously for at least 10 sec. 
Allow to stand for 5 min. and examine the benzene layer. A strong yellow color 
indicates phenolic resin. 

Note— 2,G-dichloroquinone-4-chlorimide may be used instead of the dibromo reagent. 

Styrene.— There is no standard method for styrenated materials, but the test 
given below 25 has been found to be useful by the authors. 

Procedure.— Place a few milligrams of the binder in a micro test tube, add four 
drops of fuming nitric acid (sp. gr. 1.5), and take to dryness by heating in a flame. 
The heating should start at the middle of the test tube and progress downward. 

Continue by following the directions given under the Phenolic (Gibbs) Procedure 
above. 

Urea— No standard method for the detection of urea resins is available. How- 
ever, at least three methods have appeared in the literature. In each of these 
methods the resin is hydrolyzed with acid to release urea which is then reacted 
with a reagent. In one method xanthydrol is used to form a precipitate of di- 
xanthyl urea; - 1 ' in another, aniline, benzylamine, or fie/o-phenylethylamine is used 

24 Kappelmeier, C. P. A., op. cit., p. 26. 

25 I r cigl. I'., Modern Plastics 37(9), 151, 1960. 

2(5 Kappelmeier, C. P. A., op. cit., p. 167. 
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is i precipitant ° in the third mcmod p dimethylaminobenzaldehyde rea^ei t 
lorms a blue reaction product with urea 28 The third method is given below be 
cause it has been used by the authors and because both urea and melamine can be 
detected simultaneous^ 

Procedure —Place 1 to d drops of the vehicle into a 50 ml round bottom flasl 
hiving a stindard 24/40 ground joint \dd 10 ml of acetic acid acetic anhydride 
solution (3 volumes of acid to 10 volumes of anhydride) and a bumping stone such 
as a Berl saddle Then add OOlo g of p dimcthylamtnobenzaldehyde powder and 
attidi an air condenser Heat the flash with an electric heater and increase tie 
temperature until the contents reflux and vapors condense in the lower few inches 
ol the condenser Continue the refluxing for 10 min 

I he ippearance of a blue or blue green color m the flask is a positive test for 
urea resin In the absence ol urea the test mixture develops a yellow color on 
refluxing If the urea content is very low the yellow color of the blank may be 
visible with the blue resulting in a green color 

Melamine Several methods for detecting melamine have appeared in the litera 
ture but none of these is considered standard s 28 29 The method of Swann and 
Esposito 28 is given below because it can be carried out simultaneously with lie 
above urea test \ second method by Fcigl and Anger 5 is given as a confirmatory 
test 

Swann Procedure Perform the urea test as given above being sure to weigh 
exactly 0 015 g of p dimethvlammobenzaldehyde 

If melamine is present an insoluble white residue collects in the condenser at 
the point of condensation ind becomes more visible after the flask has cooled 
Feigl Procedure —PI ice a few milligrams of the binder in a micro test tube and 
add a lew drops of hvdrothloric acid Heat the mixture gradually to 190 to 
200 C in a glvcero! bath until the vapors no longer turn Congo paper blue Cool 
the residue and add about 30 mg of thiosulfate Cover the mouth of the tube 
with a disk of Congo paper moistened with 5% hydrogen peroxide Now lieat tie 
tube to I60*C m a glycerol bath 

If melamine resin is present a blue Siam appears on the paper 
Rosin —There are two standard qualitative tests for rosin the Liebermann Storcli 
test and the Halphen Hicks test 2 The former is more reliable and is given belot 
Procedure —Place 0 1 to 0 2 g of the binder in a test tube (2 5x15 cm) an! 
add about 15 ml oi icetic anhulride Heat on a steam bath to effect solutioi 
cool and filter through paper (Note 1) Transfer a few drops of the filtrate to a 
white porcelain crucible cover ( v Note 2\ and. place a. drop ol sulfuric acid [Sj 7 ml 
of con ceil tr ited sulfuric tcid (sp gr 1 84) to 34 7 ml of water] along side the fil 
tratc Incline the cover in such a manner that the acid will slowly mix with die 
filtrate 

If rosin is present a characteristic fugitive violet color develops immediately 
A pink or brown coloration should be ignored A control sample containing rosin 
should be run simultaneously 

The characteristic color is due to reaction with the abietic type dtenc acids pres- 
ent in natural rosin Consequently any reactions which alter the double bond 
system of these acids interfere with color formation Thus rosin which has been 

* kappclineitr CP \ op cit p 1"6 

28 Swann M H and Esposito G G Anal Chcm 30, 107 1958 
* kappclmeier C I A op cit pp 166 and 1/8 
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cooked into oils may not give a positive test. Also modifying reactions such as 
hydrogenation, disproportionation, polymerization, and adduct formation, when 
carried to completion, result in products which do not give a positive test. How- 
ever, these reactions seldom are carried to completion in commercial products. 30 

Notes.— 1. Whatman No. 40 or equivalent is satisfactory. 

2. Porcelain spot plate may be used instead. 

Methacrylates .— There are no qualitative tests for methacrylate polymers which 
are regarded as standard. The procedure given below has been found to be useful 
by the authors. 20 

Procedure.— Place about 0.5 g. of binder in a 15 x 125-mm. test tube and pyrolyze 
by heating in a Bunsen flame, protecting against the escape of vapors by covering 
the mouth of the tube with a piece of filter paper held in place by a test tube 
clamp. To the drops of condensed pyrolyzate in the test tube, add a few milli- 
liters of concentrated nitric acid (sp. gr. 1.40) and heat gently over the flame. (The 
solution may turn yellow.) Cool, and dilute with water to half the volume of the 
test tube. Add a few drops of a 10% sodium nitrite solution. 

The immediate appearance of a blue color is a positive test for methacrylate. 
The blue color, but not the yellow, can be extracted by chloroform to intensify 
the color. 

Chlorinated Rubber.— The reaction of sodium thiosulfate with terminal — CH 2 C1 
and — CHCL groups to form sulfur dioxide has been used to differentiate between 
chlorinated rubber and synthetic chloroprene rubber. 25 

Procedure.— Place a small piece of binder in a 15 x 125-mm. test tube and add 
about 0.5 g. of sodium thiosulfate. Then place the tube and contents into a 
glycerol bath which has been preheated to 80 to 100°C. and gradually raise the 
temperature. After the thiosulfate has been dehydrated at about 150°C., cover 
the mouth of the test tube with a piece of Congo paper moistened with 3% hydro- 
gen peroxide and bring the bath to 170° to 180°C. 

The indicator paper turns blue if resins containing terminal — CHC1 2 or — CH 2 C1 
groups are present. Chlorinated natural rubber gives a positive test whereas syn- 
thetic chloroprene rubber gives a negative test. 

CHEMICAL AND SOLUBILITY CLASSIFICATION TESTS 

Certain chemical procedures which yield a quantitative result, such as saponifi- 
cation number and hydroxyl number, have been used to classify binder ma- 
terials. 5 ! 10 . 19 In the opinion of the authors these procedures are of limited value 
when applied to a completely unknown binder. However, once it has been estab- 
lished by infrared or other methods that a single type of binder material is present, 
these procedures may be used to further characterize the binder. For example, 
once it is known that the binder is an oil, the saponification number helps to 
establish which oil. Because these chemical procedures are most useful in the 
quantitative analysis of the identified binder, they are given in the sections on the 
Analysis of the Vehicle, under Oils and Alkyds. 

Solubility tests also have been used to classify binders into types. 5 . 10 In fact, 
Shaw 19 and others have presented a comprehensive identification scheme based on 
solubility and qualitative tests. The chief disadvantage of a solubility scheme for 
identification purposes is due to the fact that most resins used in coatings gen- 
s'' Mano, E. B„ Anal. Chem. 32, 291, 1960. 
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erally vary in molecular weight and hence in solubility In view of the infrared 
method and the newer spot tests the authors feel that the general solubility scheme 
is the least reliable On the other hand when the type of binder present is known 
and when it has been freed of plasticizer solubility differences can be used for 
identification as well as lor separation An interesting example of the latter case 
involves the cellulose derivatives 1,1 Information on the general solubility of resins 
can be found in several references 10 31 32 

IDENTIFICATION OF PLASTICIZERS 
As stated earlier (page 1627) the binder of i lacquer formulation almost always 
contains a plasticizer in addition to the polvmeric film former Many binders 
found in latex formulations also contain plasticizers Unfortunately there are no 
standard or generally accepted methods for separating and identifying plasticizers 
Once the polymer present m the binder has been identified or at least tentatively 
identified by the methods given ibove (under Identification of Polymers Resins 
and Oils) the plasticizer may be isolated according to the procedures given under 
the heading of the polymer in the following sections on Analysis of the \ elude 
There are two general ways of separating the plasticizer and the polymer portions 
of a binder a solvent nonsolvent method and i Soxhlet extraction method The 
solvent nonsolvent method is probably the most widely used and involves the 
dissolution of the binder in a suitable solvent followed by precipitation of the 
polymer by the addition of a nonsolvem The polymer nonsolvent must be a 
solvent for the plasticizer and must be miscible with the solvent used to dissolve 
the binder The Soxhlet proceduie involves extraction of i finely divided sample 
of binder with ether or some other plasticizer solvent Hanson 31 lias described an 
interesting Soxhlet type procedure in which the total formulation (including pig 
ment »nd thinner) is dispersed on silt the thinner evaporated and then the 
powdered nonvolttile matter placed in a Soxhlet thimble and successively extracted 
with various solvents In the case of a cellulose nitrate formulation petroleum 
ether may be the first extraction solvent used to remove simple plasticizers Benzene 
might then be used to remove certain resins This may be followed by acetone 
to remove the cellulose nitrate leaving the pigment dispersed on the sodium chlo- 
ride Finally the pigment can be recovered by extracting the salt with water 
Once the plasticizer portion of the binder h is been isolated the best way to 
identify the type of plasticizer present is by means of its infrared absorption 
spectrum Consequently a scheme for the identification of plasticizers based on 
the most significant absorption bands is given in Table 37 4 The spectra of four 
of the most commonly encountered plasticizers also are included in the section on 
infrared spectra (also see Table 37 2) Other reference spectra of plasticizers mav 
be found in the literature seventy nine m reference 33 ten in reference 14 and nine 
teen in reference 34 The latter spectr i art those of plasticizers encountered in poly 
(vinyl chloride) formulations 

Although the type of plasticizer may quickly be determined by mftared methods 
it is di'ficult to establish exactly which plasticizer is present by infrared alone If 

®i Hanson \ W J Oil and Colour Chemists Assoc 41, 242 . 

3 ’ Mattiello J J Protective and Decorative Coatings vol \ p 112 John Nile) an 
Sons 1*146 - i'q 

33 Kendall D Hampton R HausdoifT H and Pristen F Appl Spectroscopv 7, n 
19j3 

** Haslam J Soppct \\ and Willis H A J \ppl Chem 1, 112 19 >1 
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Table 37-4. Scheme for Identification of Plasticizers Based on Infrared 

Absorption Bands 


— 5.8 Band — 
Present 
(Ester Type) 


-5.8 Band — 
Absent 
Non-Ester 
Type 


(Wavelength in microns) 


—6.3, 6.7— 
Present 
(Aromatic) 


— 6.3, 6.7 

Absent 
(Aliphatic or 
Alicyclic) 


r— 7.8, 8.9, 9.3, 9.6, 13.4, 14.2 Phthalates * 
' — 7.9. 9.1, 14.1 Benzoates 


— 7.9 Carbonates 
— 8.1 Acetates 

— 8.5 Most Mono- and Dibasic Esters, Oils, and 
Citrates 

— 8.9 Ether Esters 


—6.3, 6.7- 
(Present) 
Aromatic 


— 6.3, 6.7 

Absent 
(Aliphatic or 
Alicyclic 


, — 7.5, 8.6 Sulfonamides 

— 7.7, 10.4 Phosphates 

' — Chlorinated Aromatics (no specific bands) 


— 4.4 Nitriles 
— 6.9, 13.4 Chlorine 
— 7.8, 9.7 Phosphates 
— 8.9 Polyglycol 


* Specific phthalates can further be distinguish bedy comparison of the 8.3 to 12.2 micron 
region as shown n references. r >- “’W 


the plasticizer is shown to be a phthalate ester type, it may be injected into a gas 
chromatograph for further identification. Phthalates from dimethyl phthalate up 
to and including dioctyl phthalate have been separated on a silicone grease-Celite 
column at 206°C. with a helium flow rate of 124 ml./min. and identified from their 
retention times. 35 If higher phthalate esters or phthalate alkyds are suspected, the 
plasticizer should be saponified and the alcohol and/or fatty acids portions identi- 
fied by the methods given under the analysis of alkyds (page 1649). 

The chemical qualitative and spot test methods given above for the polymer 
portion of the binder can be used for the plasticizer portion as well. In addition 
to the elemental tests listed in Table 37-3, a qualitative test for phosphorus is use- 
ful since tricresyl phosphate is a very common plasticizer. 

ANALYSIS OF THE VEHICLE 
GENERAL 

The analysis of the vehicle portion of a pigmented coating (or a clear coating) 
generally is aimed at characterizing the binder or nonvolatile portion of the ve- 
hicle, and perhaps it may seem more logical to have entitled this section The 

as Dal Nogare, S. and Safranski, L. 3V., Anal. Cliem. 30, 894, 1958. 
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Analysis of the Binder However even though only the composition of the binder 
is desired Us analysis is earned out via procedures applied to the total vehicle 
For this reason and to provide a starting place for the anal) sis of clear coatings in 
the analytical scheme of this chapter this section was labeled as shown above 
Of course before the procedures in this section are utilized the binder must be 
identified by the mediods given in the section on the Identification of Binder 

As indicated above (page 1621) the separation of vehicle from pigment is almost 
never quantitative The vehicle maj contain soluble reaction products of the pi<* 
ment with the binder as well is additives such is driers Methods for deter 
mining the metal content of vehicles are discussed in reference 36 The authors 
have found that the metal content of an acid extract of a vehicle or drier solution 
can be determined rapidly and accuritely b) an EDTA (cthvlenedmitriho) tetra 
acetate titration 37 38 39 40 

When an analysis of the volatile portion (thinner) of a paint or clear coating is 
desired it should be separated as given in the section on Isolation of Thinner (page 
1623) and treated according to the procedures given in the sections on Identification 
and Analysis of the Thinner (page 1703) 


NONVOLATILE VEHICLE CONTENT 


General — The nonvolatile content of the vehicle (the concentration of the binder 
present) must be known to calculate the composition of the binder when the 
analysis is carried out via the total vehicle Consequently the first step in the 
analysis of the vehicle is the determination of the per cent nonvolatile vehide 
(%NW) by evaporating the volatile thinner in an oven under specified conditions 
The %NVV may be calculated from the %M M of the total paint and the per cent 
pigment when these are known as shown in the section on Calculation ol binder 
or Pigment Contents (page 1625) However if the s imple is a clear coating or if the 
%NVM and per cent pigment are not known then the %NVV must be deter 
mined In order to obtain the true nonvolatile content of a resin solution no 
thinner must be left in the film formed upon release of the thinner and the binder 
must not gun or lose weight through chemical reactions such as oxidation or 
degradation To achieve reproducible results the amount of sample the tempera 
ture and the time of heating must be carefully controlled The use of a vacuum 
oven is also desirable for those resins and oils which may gain weight through 
oxidation Unfortunately there actually is no true per cent nonvolatile vehicle 
content for many resin solutions because the nonvolatile content found depends 
upon the procedure used ASTM Committee D 1 has tested several procedures 
for determining the per cent nonvolatile content of resin solutions and to date 
has found only one which gives accurate and precise results for a wide variety of 


resin solutions the procedure is known as the foil method 

In the foil method a weighed sample of resin solution is spread into a dun film 
between two sheets (or one sheet folded in half) of aluminum or tin foil The 
coated foil sheets are separated and then dried The weight of residue is deter 
mined and the nonvolatile content is calculated The method is unique in that it 
provides for drying of a very thin film of resui thus minimizing chances for vola 


3 « Kappelmeier CPA op at p 225 

3 Hirn C F and Lucchesi C A Anal Chem 31, 1417 19 j9 

38 Lurches! C A and Him C F Anal Chem 30 18/7 19 j8 

89 Lucchesi C A and Him C F \nal Chem 32, 1191 19G0 

*o Lucchesi C A Stearns J \ and Hirn C T Chemist Analyst 48 9 I9 j9 
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tiles to be trapped and held during the heating operation. In the newly revised 
A.S.T.M. Method D1259-61 1 . 41 two procedures are given, method A for non-heat- 
reactive resins and method B for lieat-reactive resins and for resins which release 
thinner slowly. The non-heat-reactive resins, such as alkyds and rosin esters, re- 
main stable and release the thinner under the conditions of the test. Heat-reactive 
resins, such as the formaldehyde reaction products of urea, melamine, and phenols, 
undergo condensation or other reactions or both under the influence of heat. 
Epoxides are examples of resins which release thinner slowly. The two methods 
differ primarily in the drying times and types of ovens used. In method A either 
a gravity-convection or a forced-ventilation oven and a 30-minute heating period 
at 105°C. are used. In method B a forced-ventilation oven and a 2-hour heating 
period at 105°C. are used. 

In spite of the demonstrated superior accuracy and precision of the foil method, 
it is not used routinely in most laboratories because it is very time-consuming. 
Most laboratories, including the authors’ laboratory, use the dish method (page 1618) 
for routine determinations and use the foil method to settle disagreements which 
might arise between two laboratories. An abstract of the foil method is given 
below. 

Procedure for Foil Method — Weigh to the nearest 0.1 mg. a 6 x 12-in. piece of 
aluminum or tin foil and fold in half. Place 0.9 to 1.1 g. of resin solution on the 
center of one-half of the tarcd foil. Fold the foil over the resin sample and press 
the sandwich between glass plates to distribute the resin over the foil in a thin film. 

Open the foil and place it into the appropriate oven and heat for either 0.5 or 
2 hours, depending upon whether the resin should be treated by method A or 
method B. 


ANALYSIS OF DRYING OILS 

GENERAL 

An oil is a triglyceride which, in turn, is an ester of glycerol and fatty acids. 
A triglyceride may contain one single kind of fatty acid or may contain as many as 
three kinds of fatty acids. Most oils are mixtures of triglycerides, and consequently, 
the analysis of an oil means establishing which fatty acids are present and how 
much of each is present. Strictly, it might also mean determining the nature and 
amounts of other minor or trace components which are present even in refined 
natural oils. Fortunately, the commonly used drying oils contain large amounts of 
one or two very characteristic fatty acids, and it is usually sufficient to determine 
only the characteristic fatty acids in an analysis. When a single oil is present, an 
“analysis” actually amounts to an identification of the oil. When two or more 
oils are present, determination of the relative amounts of the characteristic fatty 
acids of each oil provides an approximate analysis which is usually sufficiently 
accurate for most purposes. The approximate compositions of the raw oils com- 
monly encountered in coatings are given in Table 37-5. Those fatty acids present 
to the extent of 50% or more are considered the characteristic acid for that par- 
ticular oil. The oils listed may be given various treatments, such as heating, blow- 
ing with air, and reaction with unsaturated compounds, which change their com- 
position and make them more suitable for certain applications. 

41 American Society for Testing and Materials, Philadelphia, Pa., A.S.T.M. Standards. Part 
8, 1961. 
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Table 37 5 Fatty Acid Composition of Some Common Oils % 


Fatty Acid 

Coconut 

Soybean 

Linseed 

Tung 

Oiticica 

Castor 

Saturated Acids 

Less than 12 carbons 

15 

— 

— 

— 

— 

— 

Launc 

50 

— 

— 

— 

— 


More than 12 carbons 

25 

10 

10 

5 

10 

5 

Unsaturated Acids 

Oleic 

5 

30 

25 

10 

5 

5 

Linoieic 

5 

55 

15 

5 

? 

7 

Linolemc 

— 

5 

50 

— 

— 

— 

Eleosteanc 

— 

— 

— 

80 

— 

— 

Licamc 

— 

— 

— 

— 

80 

— 

Ricinoleic 

— 

— 

— 

— 

— 

90 


\t the present time there are standard tests lor determining some chemical 
properties of otls such as poly unsaturation * iodine number saponification num 
ber acid number and hydioxyl number 1 but there ire no methods foi the analjss 
of oils which are regarded as standard lhc methods presented in this section are 
those found to be useful by the authors Of the three methods presented only the 
gas chromatographic method truly imohes analysis of the oil The others involve 
the identification of characteristic f itty acids present in the oils 

I\rRAllED ML r HOD 

As indicated in Tabic 37 I the infrared absorption binds of oils it a 8 (ictualh 
5 75) 6 85 8 1 and 8 6 microns help to distinguish the oils from other binder 
materials In addition most oils line a we tk lbsorption bind at 13 8 microns due 
to the presence of — CH 2 — groups m the fatty acid chain Oils containing as 
unsaturation exhibit a rither broad band between 13 and 15 microns and the 
intensity of absorption in this region m n be utilized in differentiating relatively 
highly unsiturated oils such as soybem and linseed from slighth unsiturated oils 
such as coconut 

Several oils exhibit very diaricteristic absorption bands which may be used to 
distinguish them from other oils Tung and oiticica oils have rather specific ab 
sorption bands at 10 1 (strong) and 10 3 (weak) microns which are due to the conju 
gated tnene systems they contain Oiticica oil also has a characteristic band at 
5 83 microns due to the ketone group it contains Dehydrated castor oil has char 
acteristic bands at 10 2 10 35 md 10 6 microns Riw castor oil his i characteristic 
band at 3 0 microns due to the hydroxyl group it contains Spectra of raw linseed 
oiticica tung and dehydrued castor oil are given as numbers 8 9 10 and H w 
the section on Infrared Spectra (page 1708) of this chapter Spectra of other oils 
may be found in references 8 14 

Some of the treatments that oils may undergo alter the infrared spectrum of the 
raw oil Heat bodying of oils such as linseed results in tram unsaturation which 
m turn results in rather strong absorption at 10 3 microns Blown oils usually 
absorb at about 3 0 microns due to the formation of hydroxyl groups The blown 
oils also usually exhibit some absorption at 10 3 microns due to pans unsaturation 

*2 American Oil Chemists Society Chicago 111 Official and Tentative Methods of 
American Oil Chemists Society Method Cd 7 48 
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Modification of oils with styrene results in strong absoiption at 13.2 to 13.4 microns 
and at 14.3 microns. Modification of oils with vinyl toluene results in strong 
absorption at 12.3, 12.8, and 14.3 microns. An idea of what the bands due to 
styrene and vinyl toluene look like can be obtained from the spectra of styrenated 
and vinyl toluenated alkyds, spectra 2 and 3 in the section on Infrared Spectra. 

IDENTIFICATION BY PHYSICAL AND CHEMICAL TESTS 
Most oils can be identified by means of refractive index, iodine number, and 
saponification number. Values of refractive index, iodine number, and saponifica- 
tion number of several oils are listed in Table 37-6. 


Table 37-6. Some Physical and Chemical Characteristics of Oils 


Oil 

Refractive Index at 
25°C. ( approximate ) 

Iodine Number 

Saponification 

Number 

Linseed 

1.479 

155-205 

188-196 

Soya 

1.475 

125-135 

189-195 

Dehydrated Castor 

1.483 

135-141 

192-196 

Tung 

1.518 

160-175 

189-195 

Oiticica 

1.515 

140-160 

186-193 

Cottonseed 

1.475 

99-113 

189-198 

Coconut 

1.454 

7-11 

250-264 


As oils, such as linseed or soya, are polymerized (heated or blown), the iodine 
number decreases and the refractive index increases. Consequently, the combina- 
tion of a low iodine number plus a high refractive index indicates the oil has been 
heat-bodied or blown. Modification with aromatic \inyls such as styrene or vinyl 
toluene results in a higher refractive index, lower iodine number and lower saponi- 
fication number. Reaction with unsaturated dicarboxylic acid materials such as 
maleic anhydride results in a higher saponification number and a lower iodine 
number. A.S.T.M. Method D555-58 contains procedures for determining refrac- 
tive index, iodine number, and saponification number of drying oils and latty 
acids. Abstracts of these methods are given below. 

Refractive Index— The refractive index of the oil or the nonvolatile portion of 
the vehicle at 25"C. may be determined by means of a properly standardized Abbe 
relractometer or any other equally accurate instrument. The procedure recom- 
mended by the manufacturer for making measurements and cleaning the prisms 
should be followed. 

Iodine Number.— Iodine number is a measure of the unsaturation of' fats and 
oils and is expressed in terms of the number of centigrams of iodine absorbed per 
gram of sample (percentage by weight of iodine absorbed). When the iodine 
number of oils having conjugated systems is determined, the result is not a measure 
of total unsaturation, but rather is an empirical figure indicative of the amount 
of unsaturation present. Reproducible results are obtained which afford a com- 
parison of total unsaturation. 

Procedure.— Filter the vehicle containing the oil through filter paper to remove 
any solid impurities and the last traces of moisture. The sample must be abso- 
lutely dry. All glassware used in this test must be completely dry. Sample drying 
oils of high viscosity should not be filtered. 
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Place in a 500 ml iodine flask to which has been added 20 ml of carbon tetra 
chloride, a weight of sample such that there will be an excess of Wijs’ solution of 
125 ± 25% of the amount absorbed for normal oils and 125 ± 10% for the con 
jugated oils Sample weights meeting this requirement are given in Table 37 7 


Table 37-7. Sample Size for Iodine Number Determination 


Sample Size {grams) 


Iodine 

Number 

Normal Oils 

Conjugated Oils 

80 

0 3175 to 0 3969 

0 3377 to 0 3691 

90 

0 2822 to 0 3528 

0 3002 to 0 3281 

100 

0 2540 to 0 31 7 5 

0 2702 to 0 2953 

110 

0 2309 to 0 2886 

0 2456 to 0 2684 

120 

0 2117 to 0 2646 

0 2252 to 0 2461 

130 

0 1954 to 0 2442 

0 2078 to 0 2271 

140 

0 1814 to 0 2268 

0 1930 to 0 2109 

150 

01693 to0 2116 

0 1801 to 0 1969 

160 

0 1587 to 0 1984 

0 1689 to 0 1846 

170 

01494 to 0 1868 

0 1589 to 0 1737 

180 

01411 to 0 1764 

0 1501 to 0 1640 

190 

01337 to 0 1671 

0 1422 to 0 1554 

200 

0 1270 to 0 1587 

0 1351 to 0 1476 

210 

01210 to 0 1547 

0 1287 to 0 1406 

220 

0 1155 to 0 1443 

0 1228 to 01374 


Pipet 25 ml of Wijs solution (see Note) into the flask containing the sample 
and also into each of at least two additional flisks to be carried through as blanks 
Stopper the flasks, and swirl the flask containing the sample to ensure intimate 
mixture Store the flasks in a dark place for 1 hr at a temperature of 25 ± 5 D C 
For conjugated oils, such as tung oiticica or dehydrated castor oil allow the 
absorption to proceed for 1 hr at 25 ± 1 °C 

Remove the flasks from storage and add 20 ml of potassium iodide solution 
(150 g per liter) and 100 ml of water Titrate with 0 1 iV sodium thiosulfate solu 
tion (24 8 g per liter), adding it gradually and with constant and vigorous shaking 
Continue the titration until the yellow color has almost disappeared Add 1 to 
2 ml of starch indicator solution and continue the titration until the blue color 
has just disappeared 
Calculation — 


. , „ , {B - A) X N X 12 69 

Iodine Number — — 

IFX S 

where A = ml of NaaSjO.! solution required for titration of the sample, 

B = ml of NazSsOs solution requued for titration of the blank, 

N = normality of the NagSjOa solution, 

W — weight of sample, and 
S = fractional nonvolatile content of sample 

Note — Wijs’ solution obtained from ITsher Scientific Company has been found to be 
satisfactory It may be prepared bv a method given on page 1439 
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Saponification Number.— Saponification number is a measure of the alkali re- 
active groups in fats and oils and is expressed as the number of milligrams of 
potassium hydroxide that react with 1 g. of sample. 

Procedure.— Prepare an alcoholic potassium hydroxide solution by placing 5 to 
10 g. of potassium hydroxide in a 2-liter flask and add 1 to 1.5 liters of ethyl alcohol 
(95%) or denatured alcohol conforming to USSD Formula 30 or 3A of the United 
States Bureau of Internal Revenue. Boil on a water bath under a reflux con- 
denser for 30 to 60 minutes. Distill and collect the alcohol. Dissolve 40 g. of 
potassium hydroxide in 1 liter of the distilled alcohol, keeping the temperature 
below 15.5°C. while the alkali is being dissolved. This solution should remain 
clear. 

Transfer 2.0 to 2.5 g. of the sample, weighed to the nearest 0.001 g., to an Erlen- 
meyer flask. Add 25 ml. of the alcoholic potassium hydroxide solution to the sam- 
ple and to one or more additional flasks to be carried through as blanks. Place 
a condenser loop inside the neck of each flask (Note 1). Heat on a steam bath for 
1 hr. (Note 2). 

Cool the solution, add phenolphthalein indicator, and titrate with 0.5 N sulfuric 
acid or hydrochloric acid until the pink color has just disappeared (Note 3). 

Calculation.— 


Saponification Number = — A \ * _ X 56-1 • 

where A = ml. of acid required for titration of the sample, 

B = ml. of acid required for titration of the blank, 

N = normality of acid, 

W = grams of sample, and 
S — fractional nonvolatile content of sample. 

Notes.— 1. Suitable condenser loops aie shown in Figuies 1 and 2 of A.S.T.M. Method 
D305-51. 

2. Ceilain synthetic oils aie not completely saponified in 1 hr. Run samples of chemi- 
cally modified drying oils in duplicate, using 1- and 2-hr. heating periods to establish com- 
pleteness of saponification. If thfe 2-hr. heating peiiod gives appreciably higher results 
than the 1-lir. run, additional 4- and 6-hr. deteiminations should be made to establish 
the time lequiied foi complete leaction. 

3. A “masked phenolphthalein indicatoi” may be used with off-color materials. It 
may be prepared by dissohing 1.6 g. of phenolphthalein and 2.7 g. of methylene blue in 
500 ml. of denatmed alcohol (USSD Formula 30 or 3-k). The pH is adjusted with sodium 
hydioxide or potassium hv dioxide solution so that the greenish-blue color is faintly tinged 
with puiple. Co’oi change is fiom gieen to purple when going fiom acid to alkali. 


GAS CHROMATOGRAPHY 

The simplest and most rapid way to identify and to determine the fatty acids 
of an oil is by gas-liquid-partition chromatography. 43 - 41 By this relatively new 
method it is possible to separate the methyl esters of the fatty acids found in dry- 

43 Dal N'ogaic, S. and Safianski, L. W., “Gas Chromatography” in Organic Analysis, ed. 
Mitchell, Kolthoir, I’roskauer, and Weissbeiger, vol. 4, p. 91, Interscience Publisheis, New 
\ork, N, Y„ 1960. 

41 James, A. T., "Qualitative and Quantitative Determination of Fatty Acids by Gas- 
Liquicl Chromatography” in Methods of Biochemical Analysis, ed. D. Glick, vol. 8, p. 1, 
Intciscicnce Publisheis, New York, N. Y., 1954. 
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mg oils and to measure the relame amounts of each fatty acid present. It is also 
possible to determine roughly the amount of polymerization which has occurred m 
blown and heat bodied oils 45 



Fic 37 3 Chromatograms of the Fatt\ Acid Methyl Esteis of Some Oils C J0 Represents 
Capric Acid, C 12 Laurie Acid C 14 Myrntic, Cj r Palmitic, Ci 8 Stearic C, s = , Oleic 
Cj S = - Iinoleic C )t i = i Linolemc, and FS for EleoMearic Isomcts 

The gas chromatograms of the fatty acid methyl esters of seseral oils are pre 
sented in Fig 37 3 The areas under the peaks are proportional to the concentra 
non ot the acid represented by the peak, and the concentration of a particular 

Wielmski, W L, Jr, Moseley, \\ \ , Ji , and Bricker, R C, National Meeting of 
the American Chemical Society Organic Coatings and Plastic Chemistry Diusion 
^ork. Sept 1960, Offic Dig redeiauon Soc Paint Technologs 33, Mas 1961, 
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fatty acid may be approximated by dividing the area under its peak by the total 
area under all the peaks. Visual comparison of the chromatogram of an unknown 
with that of a known is usually sufficient to identify the oil from which the fatty 
acids were derived. The procedure used to obtain the chromatograms is given 
below. 

Procedure— Saponify a sample of an oil or oil-modified binder large enough to 
yield about 250 mg. of total fatty acids with about 150 ml. of 4% ethanolic potas- 
sium hydroxide for 1 hour. 

Extract the oil acids by the procedure given for the filtrate from the phthalic 
anhydride determination in alkyds as described in the Procedure (page 1652). Evapo- 
rate most of the ether from the fatty acids and add 2 to 3 ml. of a boron trifluoricle- 
methanol solution (120 g. of boron trifluoride per liter of methanol) (Note 1). 
Heat on a steam bath for about 3 minutes. Then transfer a representative sample 
of the methanolic solution to a 250-ml. separatory funnel containing about 60 ml. 
of water. Extract the methyl esters with 50 ml. of ether and then evaporate the 
ether on a steam bath. Take up 3 microliters of the methyl esters with a micro- 
syringe and inject the contents into a gas chromatograph (Note 2). 

Use a diethylene glycol succinate-Chromosorb column maintained at 225°C. and 
a helium flow rate of 85 ml. per minute. 

Notes.— 1. A procedure for preparing the boron trifluoride-methanol solution can be 
found in reference 4B . 

2. The F and M Model 202 gas chromatograph has been found to be satisfactory. 

ANALYSIS OF ALKYD RESINS 
GENERAL 

An alkyd resin may be defined as a polyester of a polyhydric alcohol and a di- 
carboxylic acid. Alkyd resins used as varnishes or paint vehicles are modified with 
oil or fatty acids. By far the most commonly encountered dicarboxylic acid is 
orth o-phthalic acid. Isophthalic, maleic and fumaric acid also are used exten- 
sively. Succinic, adipic, azelaic or sebacic acids may be found in alkyd resins. The 
polyhydric alcohols or polyols used extensively are glycerine, pentaerythritol and 
ethylene glycol. The oils and fatty acids most commonly used in alkyd resins are 
soybean, linseed, coconut, castor, dehydrated castor, and fish. 

The analysis of an alkyd resin involves first breaking down the resin into its 
three basic monomeric fractions (a dicarboxylic acid fraction, a fatty acid fraction, 
and a polyhydric alcohol fraction) and then analyzing each fraction. This is 
accomplished by first saponifying the resin with ethanolic potassium hydroxide 
solution. Insoluble potassium salts of the dicarboxylic acids are formed and re- 
moved by filtration. The filtrate is then extracted with ether to remove unsaponi- 
fiable material. The water layer remaining after extraction of the unsaponifiable 
matter is dien acidified, and the fatty acids are extracted with ether. The remain- 
ing water solution containing the polyhydric alcohols is passed through ion ex- 
change resins to remove all ions and is then carefully evaporated and dried to 
recover the polyhydric alcohols. 

Alkyd resins are formulated and manufactured in such a way that the resin con- 
tains acid and hydroxyl groups and the characteristics of the resin depend par- 
tially upon the amount of each of these groups. Consequently, the amount of acid 

40 Metcalfe, L. D. and Schmitz, A. A., Anal. Chem. 33, 363, 1961. 
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and hydroxyl groups must be determined for complete characterization and quan 
titative analysis of the resin 

DICARDOX1LIC ACIDS FRACTION (. PHTHALIC ANHYDRIDE) 
Standard methods are available for determining the phthalic content (as phthalic 
anhydride) of alkyds and these methods fall roughly into two types The first tvpe 
provides for the determination of phthalic anhydride in alkyds which contain only 
phthalic as the dicarboxylic acid the second type provides for the determination of 
phthalic anhydride in alkyds which also contain other dicarboxylic acids ASTM 
Method D563 52 is an example of the first type and is based on the pioneering 
methods of Kappelmeier 1 « ASTM Methods D 1306 56 (gravimetric) and D1S07 
56 (spectrophotometnc) are examples of the second type. Recently ASTM has 
made available a method DI651 61, for the determination of the phtlnlic acid 
isomers and benzoic acid in alkyds which contain only the four acids 
Although not a standard method, the authors have found a method reported by 
Swann 47 for the determination of dicarboxylic acids other than ortho phthalic to 
be very useful 11 48 This method is applicable to alkyds containing maleic fumanc 
succinic adipic or sebacic acids in addition to oitho phthalic acid In the method 
all the dicarboxylic acids present are obtained as the dipotassium salts by a modified 
Kappelmeier saponification procedure Hie total dicarboxylic acid fraction is re 
dissolved and each acid component is determined by selective precipitation o r 
brotnmation 

The nature of the dicarboxylic acids present m the alkyd and an estimate of 
their relative amounts cm be obtained from the infrared absorption spectrum of 
the total alkyd as is indicated m the section on the Identification of Polymers 
Resins and Oils (page 1628) 14 49 When more information is desired ibout the 
identity of the dicarboxylic acids m the alkyd it may be obtained from the infrared 
spectrum of the dicarboxylic icid fraction ao 81 

An abstrict of AST M Method D563 32 for the determination of the phthalic 
anhvdnde content of alkyd resins containing no other dicarboxylic acids and no 
modifying resins such as uiea melamine or plienolics, is given below 

Procedure —Weigh by difference a sample of vehicle or resin solution sufficient 
to yield from 0 8 to 1 2 g of dipotassium phtlialate monoalcoliolate into a 500ml 
Lrlenmeyer flask with a ground glass joint Add 150 ml of benzene, warming 
slightly on a steim bath if necessarv to effect solution Add 60 ml of anhydrous 
ethyl alcoholic potassium hydroxide solution containing 66 g of potassium hydro* 
ide per liter of alcohol Attach air condenser to the fiisk and place flask in a 
water bath to a depth about equal to that of the contents of the flask Warm the 
bath, maintaining a temperature of 40’C for 1 hour, and then gradually raise the 
temperature until the alcoholic solution boils gently Reflux for 1 5 hours 

Remove the flask from the bith and wash down the inside of the condenser with 
a few milliliters of a solution consisting of one volume of absolute ethyl alcohol 
and three volumes of benzene Remove the condenser, cap the flask, and cool 
When cool filter with vacuum immediately and as rapidly as possible through a 
cared fritted glass crucible using the alcohol benzene solution for transferring the 

4 Swann, M H , Anal Chem 21, 1448-53, 1949 
*8 kappelmeier CPA op at p 570 

49 Adams M L and Swann, M H , Anal Chem 30, 1322 1958 
'"Stafford, R \\ , Shay, J F,and Tran cel R J Anal Chtm 26, 656, 1954 
84 Childers, E and Strothers G W , Anal Chem 27, 737, 1955 
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precipitate and washing the reaction flask. Wash the precipitate with successive 
portions of the alcohol-benzene solution until a few milliliters of the washings 
collected in a second suction are no longer alkaline to phenolphthalein. Do not 
allow air to be drawn through the crystals, as they are hygroscopic. Finally pom- 
25 ml. of ether into the crucible and draw through die precipitate with the aid of 
suction. 

Wipe the outer surface of the crucible with a clean cloth and place in a gravity 
convection oven at 60°C. for 1 hour (Note 1). Cool to room tempeiature in a 
desiccator and weigh. 

Correction tor Carbonates.— Coprecipitation of potassium carbonate with the 
potassium phthalate alcoholate may he a source of error. If a correction for potas- 
sium carbonate is desired, dissolve the weighed precipitate in about 50 ml. of dis- 
tilled water that has been neutralized to phenolphthalein, add 3 to 4 drops of 
phenolphthalein indicator, and if the solution is alkaline, titrate with 0.1 N hydro- 
chloric acid. 

Calculation.— The percentage of phthalate present in the alkyd is calculated as 
the anhydride because phthalic anhydride is the usual starting material in the 
manufacture of the resin. 


Phthalic Anhydride, % 


( P - K) X 0.5136 X 100 
WXS 


where P = grams of dipotassium phthalate monoalcoholate; 

K = correction for potassium carbonate = 0.1382 VN, where 
V — ml. of hydrochloric acid used for titration, and 
N — normality of hydrochloric acid; 

IF = grams of vehicle or resin solution; and 
S — fractional nonvolatile content of vehicle or resin solution. 

.Notes.— 1. The piecipitate is the monoalcoholate, C(}H.j(COOK) 2 ' (C 2 H-OH), and the 
alcohol of crystallization will be slowly clrhen oil on piolongcd heating. It is sale, how- 
ever, to dry the alcoholate at temperatuies up to 60°C. for as long as 1 hour. This be- 
havior of the alcoholate has been made the basis of a method for detei mining the 
phthalic content of alkyd resins containing other dicatboxylic acids which do not foun 
alcoholates. The pioccdute imolves first drying the precipitate as above at 60°C. for 1 
hour, weighing, and then heating the piecipitate at 150°C. lor about 3 hours to remove 
the alcohol ol crystallization, leweighing, and noting the difference in weight. The per- 
centage of phthalic anhydride in the alkyd is calculated as follows: per cent phthalic 
anhycltide = difleience in weight x 3.217 x 1 00) /II' X S where the symbols hate the same 
meaning as above. 

2. Data piesented by Stafford, Shay, and France! so indicate that the above A.S.T.M. 
pioceduic may be extended to the determination of maleic, fumaric, adipic, and sebacic 
acids when one of these compiises the sole acid component of the polyester.o, n Work 
in the aulhots’ laboratoiy and other published work indicate that maleic and fumaric 
polyesters gi\e high lesults for the dicarboxylic acid fi action due to the formation of 
ethoxysuccinate upon alcoholic saponification.5 

FATTY ACIDS FRACTION 

The analysis of the fatty acids in an alkyd resin involves first separating the fatty 
acids fraction and then determining from which oil the fatty acids were derived. 

Separation of the Fatty Acids Fraction.— The standard method for determining 
the total fatty acids content of an alkyd is A.S.T.M. Method D563-52. An abstract 
of this procedure applied to the filtrate remaining from die phthalic anhydride 
determination is given in the following Procedure. 
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absorption spectra of the fatty acids exhibit more oterall absorption than those 
of the oils, but the bands characteristic of the oils are still observable in the spectra 
of the fatty acids. The presence of the carboxyl group in the free acid does ob- 
scure the ketone band of oiticica at 5. 83 microns. The carboxyl group is also 
responsible for a stronger and broader absorption near 3.0 microns. The iodine 
number or saponification number of fatty acids is approximately five per cent 
higher than that of the corresponding oil. The refractive index of fatty acids is 
approximately 0.01 less than that of the corresponding oil. As with the oils, the 
individual fatty acids can be best separated and identified with the aid of gas 
chromatography. 45 

In addition to the chemical tests used as an aid in identifying an oil (as given 
in the section on Drying Oils, page 1645) two other tests are useful in identifying 
the fatty acids derived from an alkycl resin. These tests are the acid number, 
which is a measure of the aterage equivalent weight of the fatty acids fraction, 
and the hydroxyl number, which is important in characterizing fatty acids which 
contain a hydroxyl group. 

Acid Number .— The acid number of the fatty acids fraction corresponds to the 
saponification number of the oil from which the fatty acids are derived (see Table 
37-6, page 1645). The acid number is defined as the number of milligrams of potas- 
sium hydroxide required to neutralize the free acids in 1.0 g. of sample. An ab- 
stract of a procedure taken from A.S.T.M. Method D1639-61 for the determination 
of the acid number of organic coating materials is given below. Of course, the 
procedure is also applicable to the determination of the acid number of the fatty 
acids fraction. 

Procedure.— Transfer to a 250-ml. Erlenmeyer flask the weight of sample pre- 
scribed in Table 37-8. 


Table 37-8. Sample Size for Acid Number Determination 



Approximate 

Accuracy of 


Weight of 

Weighing, plus 

Acid Number 

Sample , g. 

or minus, g. 

0 to 5 

20 

0.05 

5 to 15 

10 

0.05 

15 to 30 

5 

0.05 

30 to 100 

2.5 

0.001 

100 and over 

1.0 

0.001 


Add 100 ml. of a neutral benzene-alcohol mixture (1 :1 by volume and neutralized 
to a faint but persistent pink color of phenolphthalein) to the sample and shake 
until solution is complete. 'Warming may be necessary for bodied oils. 


Titrate with 0.1 M potassium hydroxide or sodium hydroxide solution, while 
shaking vigorously, to the first appearance of a persistent pink color of the same 
intensity as that of the neutral benzene-alcohol mixture. The color must persist for 
at least 30 seconds. In the case of off-color material (see directions for masked phe- 
nolphthalein indicator in Note 3 of method for saponification number (page 1647) 
the color should be observed in the alcohol layer above the sample after the sample 
has been allowed to settle. The sample usually will settle in a minute or less. 



1654 


P\I\T, VARNISH AND LACQUER 


Calculation — 


Acid Number = 


A X A X 56 1 

w'x.y 


where A = milliliters of potassium hydroxide or sodium h) droxide solution, 

\ — normality of the potassium hydroxide or sodium hydroxide solution 
11 = grams of sample used and 
S — fractional nonvolatile content of sample 

Hydroxyl dumber — The hvdroxyl number of fatty acids is useful in detecting 
and determining the amount of castor fatty acids The hydroxyl number of a sample 
is the number of milligrams of potassium hydroxide equivalent to the hydroxyl 
content of 1 0 g of the sample The hydroxyl number of castor fatty acids is 
approximately 172 Other refined untreated fatty acids usually have a hydroxyl 
number of less than five Below is an abstract of a procedure taken from A STM 
Method D19o7 61T for the determination of the hydroxyl number of fatly oils and 
acids 

Reagents \cutial Pyridine —Neutralize C P or reagent grade pyridine with 
05 \ alcoholic potassium hydroxide to a faint pink phenolphthalem end point 

Pyridine Acetic Anhydride Reagent —Dissolve 25% by volume of acetic anhydride 
m C P or reagent grade pyridine This reagent should be freshly prepared before 
use 

\eutral Butyl Alcohol— Neutralize C P or reagent grade n butyl alcohol with 
0 5 \ alcoholic potassium hydroxide to a faint pink phenolphthalem end point 

Procedure Determine the weight of sample to be used for the acetylation from 
Table 37 9 


Table 37 9 


Sample Size toR Hydroxyl Number Determination 
Hydroxyl \ umber \\ eight of Sample g 


20 10 

20 to 50 5 

50 to 100 3 

100 to 200 2 


Weigh to the nearest 0 1 mg into a 2o0 ml Erlenmeyer flask with a ground glass 
joint the amount of sample specified in Table 37 9 Weigh 9 0 to II 0 g of tie 
sample into another flask for the acid value blank 

Pipet oO ml of the pyridine acetic anhydride reagent into the flask containing 
the sample for acetylation (for samples having a hydroxyl number between 0 and 
20 add an additional o ml of neutral pvridme to the flask ) Pipet another a 0 ml 
of die pyridine acetic anhydride reagent into an empty flask for the reagent blank 
All 10 ml of neutral pyridine to the portion of die sample used for the acid 
number blank Thoroughly mix the contents of each flask by gentle swirling 
Insert reflux conderfsers into the Erlenmeyer flasks and heat on a steam bath for 
1 hour Add 10 ml of water through the condensers to the flasks and heat for 
an additional 10 minutes Remove the flasks from the steam bath mix die contents 
by swirling gently, and cool to room temperature 
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Add 25 ml. of neutral butyl alcohol (about half through the condensers) to each 
flask so that it washes down the stoppers and sides of the flasks. Rotate so as to 
mix contents thoroughly. Add 5 drops phenolphthalein indicator to each flask, 
and titrate to a faint pink end point that persists upon replacing the stopper and 
shaking thoroughly. 

Calculation.— Calculate the hydroxyl number as follows: 


Hydroxyl Number = 




F 


where A = ml. of potassium hydroxide solution required for titration of the reagent 
blank, 

B = g. of sample used for the determination, 

C = ml. of potassium hydroxide soln. required for titration of the acid number 
blank, 

D = g. of sample used for the acid number blank, 

E = ml. of potassium hydroxide solution required for titration of the acetylated 
sample, and 

F = mg. of potassium hydroxide per ml. of standard potassium hydroxide solu- 
tion. 


POLYHYDRIC ALCOHOLS FRACTION 

The aqueous phase remaining from the fatty acids separation contains the 
polyols. A.S.T.M. Method D1615-60 may be used for determining the amount of 
glycerol, ethylene glycol, and/or pentaerythritol in the aqueous phase. An abstract 
of this method is given below. 

Ethylene Glycol and Glycerol .— The primary hydroxyl groups of ethylene glycol 
and glycerol are oxidized to formaldehyde by periodic acid; the secondary hydroxyl 
group of glycerol is oxidized to formic acid. By acidimetric and iodometric titra- 
tion, the proportions of formic acid and formaldehyde respectively, can be deter- 
mined, and calculated to glycerol and ethylene glycol. 

Procedure.— Transfer the aqueous phase remaining from the fatty acids separation 
(page 1652) to a 400-ml. beaker and evaporate to about 60-ml. volume, using an elec- 
tric hot plate as a source of heat. Keep the beaker covered with a watch glass 
during boiling. 

Cool to room temperature, and filter through a rapid paper into a 100-mi. 
volumetric flask. Fill to the mark and agitate. The sample for the pentaerythritol 
determination as well as for the simultaneous determinations of glycerol and 
ethylene glycol will be taken from the flask. 

Pipet 20 ml. (L aliquot) into a 1-liter Erlenmeyer, glass-stoppered flask (Note 1). 
Add 2 drops of methyl purple indicator (Note 2), and neutralize with 0.1 N sodium 
hydroxide solution. Pipet into the 1-liter flask also 50 ml. of freshly prepared 
periodic acid solution (11 g. per liter), stopper, and swirl to mix thoroughly. 

Simultaneously prepare two blanks containing 20 ml. of water. Allow to stand 
for 50 to 70 minutes at room temperature. 

To the aliquot of the sample and the blank, add 100 ml. of water and 3 drops 
of methyl purple indicator and titrate with standardized 0.1 A T sodium hydroxide 
solution to neutrality. Use a 50-ml. buret and record the volume to the nearest 
0.01 ml. 
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To the solution that has just been titrated add 150 ml of water, 30 ml o{ 
potassium iodide solution (200 g per liter) and 25 ml of sulfuric acid (I o) 
Titrate with standardized 02 \ sodium thiosulfate solution to a faint iodide color 
add 10 ml of starch indicator and titrate to the disappearance of the blue color 

Notes— 1 The aliquot should be so chosen if possible so that 15 to 20% of the 
periodic acid is consumed dtmn„ the oxidation Considerable excess of periodic acid « 
required to complete the oxidation and in case more than 20% is consumed the ie 
suits should be disregaided and a smaller aliquot taken On the other hand too small 
in aliquot is not adnsable tor the difference between mration and blank mai be so 
small that an\ titration enors are magnified 

2 Met In 1 purple indicator manufactured b\ the Heisher Chemical Co Benjamin 
Franklin Station Mashington 4 D C L S Patent No 2 -116 619 has been found sans 
factors 

Calculation —Calculate the percentage of glycerol C as follows 
„ (il-fi)X\X 0 09206 X 100 

G 

w here A — ml of NaOH solution required for turation of the sample 
B — ml of NaOH solution required for titration of the blank, 

A' — normality of the NaOH solution 
0 09206 - grams of glycerol equivalent to 1 ml of 1 A r NaOH solution, 

H — grams of sample used and 
F «= aliquot fraction *= 

Calculate the percentage of glycerol and ethylene glycol T, as a percentage of 
glycerol as follows 

( B ' - A') X NX 0 023015 X 100 
HXF 

where 4' = ml of NaiS 2 0 ? solution required for titration of the sample, 

B’ = ml of Na 2 S-Oj solution required for titration of the blank, 

0 023015 = grams of glycerol equivalent to 1 ml of 1 A' Na 2 S 2 0 3 solution, 

\ = normality of the Na-S 2 0 3 solution, 

II = grains of sample used, and 
F = aliquot fraction — ^g 

If £ is the percentage of ethylene glycol then E = 1 348(T — G) 

When EL 0 the w Go. frames samples con 

taming no ethylene glycol hate gisen calculated E \alues of up to 1% Therefore 
samples with L salues of 1% or less should be considered as containing no ethylene 
glycol and samples with higher E \alues may be corrected 1% at the discretion of 
the analyst 

Pentaerythritol — Monopentaerythritol reacts with benzaldehyde Co form a di 
benzyl which is crystalline and can be handled graumetncdlly 

Procedure —Transfer an aliquot of the sample solution from the 100 ml '0 
umetric flask (see the procedure abose) containing 0 15 to 0 55 g of pentaerythrito 
to a 100 ml beaker Esaporate on a steam bath to a \olume of about 5 ml 0 
the hot solution (incipient boiling) add 15 ml of benzaldehyde methanol re ^° en | 
(prepared by adding 100 ml of anhydrous methanol to 20 ml of benzalde y e ) 



PAINT, VARNISH, AND LACQUER 1657 

and 12 ml. of hydrochloric acid (sp. gr. 1.19). Swirl and allow to stand at room 
temperature for 15 minutes, swirling occasionally to prevent the precipitate from 
adhering to the bottom of the beaker. Place the beaker in an ice bath, maintaining 
the temperature at 0 to 2°C. for 1 hour or more. 

Remove the reaction mixture from the ice bath and immediately filter with 
suction through a weighed fritted-glass crucible of medium porosity. Rinse the 
beaker with 25 ml. of cold (0 to 2°C.) methanol wash solution (prepared by mixing 
equal volumes of anhydrous methanol and water) and add to the crucible. Con- 
tinue to transfer and wash the precipitate with 100 ml. of the methanol-water 
solution at 20 to 25°C. as follows: Disconnect the vacuum line, pour a 10-ml. poi- 
tion of die wash solution from the beaker into the crucible, and stir the precipitate 
to form a homogeneous slurry, using a short flat-end glass rod. Connect the 
vacuum line and draw the wash solution through the crucible. Repeat this wash- 
ing operation 6 times. With 30 ml. of the methanol-water wash solution, rinse 
the crucible walls, and rinse and remove the stirring rod. 

Aspirate thoroughly and dry the precipitate at 105°C. for 2 hours, cool in a 
desiccator, and weigh. 

Calculation.— Calculate the percentage of monopen taerythritol, P, as follows: 

(W 2 + 0.0269) X 0.436 X 100 
Wi X F 

where W\ = grams of sample, 

W 2 = grams of precipitate, 

F — aliquot fraction of sample, 

0.436 = gravimetric factor for pentaerythritol, and 

0.0269 = empirical correction for slightly soluble precipitate. 

To convert the percentage of monopentaerythritol to the percentage of com- 
mercial technical monopentaerythritol divide P by 0.85. This conversion is based 
on the assumption that the commercial grade contains 85% monopentaeiythritol. 

Separation of Less Common Polyh-ydric Alcohols— In many cases polyols other 
than glycerol, ethylene glycol, or pentaerythritol are present. When the identity 
of the polyol fraction is not known, isolation of the polyol or polyols may be help- 
ful. Following is a procedure for separation of the polyol fraction which has been 
successful in the authors’ laboratory. 

Procedure.— Boil the aqueous phase remaining from the fatty acids separation 
(page 1652) for about 30 minutes to remove the ether present. Cool the solution and 
pass through both strong cation and strong anion exchange resins to remove all 
ions present (Note 1). Evaporate the deionized solution to approximately 50 ml. 
on a steam bath. Transfer the remaining solution to a tared 100-ml. beaker. 
Evaporate contents of the beaker to about 20 ml. on a steam bath. Continue 
evaporation of the solution at 60°C. until the solution becomes noticeably more 
viscous. Place beaker and contents in a desiccator overnight or longer to remove 
the remaining water. 

I he separated polyol may be identified by the usual qualitative chemical and 
physical tests. The polyol usually can be identified most rapidly by means of 
infrared spectroscopy. Infrared spectra of polyols usually found in alkyd resins 
may be found in reference 52 (Note 2). 

52 Shay, J. F„ Silling, S., and Stafford, R. W„ Anal. Chem. 26, 652, 1954. 
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Notes— 1 Don ex 50\8 in the hydrogen form has been found to be a satisfactory anon 
c\chan n e rcsm Dow ex 1\ in the hydroxvl form has been found to be a satisfactory anion 
exchange resin 

2 I he authors have found that the individual polvhvdnc alcohols tnaj be separated 
from an aqueous solution containing D‘ fj total polvhvdnc alcohols bv wci n ht A 15 
mitrnliter sample of the solution is injected into a gas chromatograph equipped ^th a 
C-atbowax 20\1 teflon column maintained at 220°C and a helium flow rate of SO ml 
per minute 

ACID A UMBER AND HYDROXYL NUMBER 
The Chirac. tenstics and performance of an alkyd resin are influenced appreci 
ablv b\ the amounts of free carboxylic acid groups and hydroxyl groups Also the 
imounts of these groups must be known to establish the total composition of the 
resin The acid number and the hydroxyl number are a measure of the free car 
bow he acid and the free hydroxvl respectivelv The procedures for determmm» 
both the acid number ind the hydroxyl number of an alkvd are the same as the 
prnu (hires given for the fatty acids fraction (page 1652) 

STi RENA TED ALKYD RESINS 

The composition of a styrenated alkvd resin may vary with the type of oil or 
fjttv acid used the amount of styrene and the process of manufacture If a 
higlilv conjugated unsaturated fauv acid or oil is used, appreciable reaction with 
the sivrene or polystyrene would be expected If the oil or fatty acid concurs 
little conjugated unsaturation less copofymerization with the styrene or pol)styTcne 
would be expected The dilhcult parts of the analysis of stvrcnatcd alkyd resins 
arc the determinations of the amounts of fait) acids and polystyrene present die 
degree of reaction between the polystyrene and the fatty acids and the identitv of 
the original oil or fatty acid \ny reaction between the oil or fatty acid and the 
stvrcnc changes both the equivalent weight and tire unsaturation of the fatty acid 
or oil This, of course changes all the physical and chemical characteristics bv 
which the oil or fatty acid usuallv is identified In analyses made of styrenated 
alkvd resins m the authors faboratorv die fatty acid fraction alsvays contains some 
polvstvrenc, and the polvstyrene fraction always contains some fatty acids It is 
not known definitely whether die polystyrene and fatty acids are chemically coni 
bmed or whether complete physical separations were not obtained 

The dicarboxyhc acids content of a styrenated alkyd resin may be determined 
by the methods given on page 1650 

One of die better methods evaluated in die authors laboratory for die sepan 
tion of the polystyrene is a mediod published by Swann 53 Swanns procedure is 
given below 

/’roceditrr.— Transfer the filtrate from the dicarboxyhc acid determination {p3g c 
1650) to a 400 ml beaker Evaporate die solvents under a hood by means of an 
80®C glycol badt and a stream of air When the solvent volume has been reduced 
to approximately 5 ml , add 5 ml of absolute methanol, agitate die sample an 
continue the evaporation to apparent dryness If the sample contains apprecia c 
styrene monomer, repeat the evaporations with medianol 

Mix 15 ml of water with 100 ml of absolute methanol and add to the 
Cover the beaker, and heat the beaker and contents in a badi at 65'C Stir e 
residue every 10 minutes widr a glass stirring rod Loosen portions of solid matter 

as Swann, M 1! , Anal Chem 25, 1735 19j3 
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from the sides and bottom of the beaker. Break up lumps or large particles with 
the rod. After 30 minutes remove the beaker from the bath and allow its contents 
to cool. Remove the insoluble residue by filtration through a dried, tared fritted 
glass crucible of coarse porosity which previously has been prepared with a mat 
of asbestos. When all the methanol solution has drained through the crucible, 
continue the transfer of the residue with water. When all the residue has been 
transferred to the crucible, continue washing with water until the washings show 
no alkalinity when tested with indicator paper. Dry the residue at 110°C., cool, 
and weigh. 

The residue generally consists almost entirely of polystyrene. A few carboxylate 
groups (potassium salts of fatty acids mixed or copolymerized with the polystyrene) 
will be present. The amount of these salts may be approximated by infrared or 
ti trimetric methods. 

Notes.— 1. Nearly all the fatty acid salts generally will be in the filtrate from the poly- 
styrene determination. The fatty acids may be recovered by the procedure given on 
page 1652. The separated fatty acids generally will contain a small amount of copoly- 
merized polystyrene. The amount of polystyrene may be estimated by determining the 
acid number of the separated fatty acids. Fatty acids generally used in the manufacture 
of styrenated alkyd resins have an acid number of about 200. 

2. Except for rather volatile glycols, the use of which is rather doubtful in styrenated 
alkyd resins, the polyols trill be present in the filtrate from the fatty acids determination. 
The polyols may be determined and identified by the methods given in the section on 
Alkyds (page 1655). 

3. The acid number and hydroxyl number of the styrenated resin may be determined by 
the procedures given in the section on the Fatty Acids Fraction, above. 

CALCULATIONS 

A generally accepted check on the accuracy of an analysis involves adding the 
weights of each constituent determined and seeing if the sum of the weights of 
the constituents equals the weight of the original sample. Because of the nature 
of the saponification reaction, the sum of the weights of the separated constituents 
of an alkyd resin is greater than the weight of the resin sample analyzed. The 
esterification reactions involved in the manufacture of the resin result in the for- 
mation and loss of water; conversion of the ester into its original constituents re- 
sults in the consumption of the same amount of water. Consequently, to check 
the accuracy of a given alkyd analysis, the amount of resin corresponding to the 
amount of constituents found by analysis must be calculated and compared with 
the amount of resin sample taken for the analysis. 

The calculation of the amount of resin corresponding to the amounts of con- 
stituents found is made on the basis of 100 g. or on a percentage basis. It involves 
calculating the “equivalents’’ of carboxylic acids and hydroxylic compounds (alco- 
hols) used in making the alkyd and the amount of water lost in the esterification 
reactions. The equivalent weights given in Table 37-10 are used in these calcula- 
tions. Calculation of the following quantities are made as part of the overall 
calculation: (a) equivalents of total acid, (b) equivalents of uncombined acid, (c) 
equivalents of combined or reacted acid, (d) water loss, (e) equivalents of total 
hydroxyl, (f) equivalents of uncombined hydroxyi, (g) equivalents of combined or 
reactecl hydroxyl, (h) corrected polyhydric alcohol concentrations, (i) normalization 
ol results, and (j) presentation of results. The calculation is illustrated with the 
example given below in which the analysis of the nonvolatile content (binder) of 
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Table 37-10 Equivalent Weights of Alkyd Resin Constituents 



Equivalent 

Constituent 

Weight 

Phthabc Anhydride 


74 

Isophthahc Acid 


84 

Fumanc Aad 


58 

Maleic Anhydnde 


49 

Azelaic Acid 


94 

Adipic Acid 


73 

Sebacic Aad 


101 

Glycerol 


31 5 

Pentaery thntol 


34 

Dipentaerythntol 


43 

Ethylene Glycol 


31 

Dipropylene Glycol 


67 

Propylene Glycol 


32 

Trimethylolethane 


41 

Coconut Fatt\ Acids 


215 

Linseed, Soya, or Dehydrated Castor 


Fatty Acids 


282 

an alkyd resin solution gave the following results when analyzed by the procedures 

given in the preceding sections 


Page 

Number of 

Constituent 

Result 

Procedure 

Phthalic Anhydnde 

32 5% 

1650 

Soya Fatty Acids 

52 5 

1651 

Glycerol 

47 

1655 

Ethylene Glycol 

60 

1655 

Pentaerythntol 

11 1 

1656 

Total Uncombmed 

106 8% 


Aad Number 

5 1 

1653 

Hydroxyl Number 

45 7 

1654 

A Equivalents of Total Acid.— 



The equivalents of phthalic anhydride in 

100 g of binder 



% Phthalic Anhydride _ 32 5 __ 

Eq Wt of Phthalic Anhydnde ™ 

The equivalents of soya fatty acids in 100 

g of binder 



% Soya Fatly Acids _ 52 5 _ q jgg 


Eq Wt Soya 

Fatly Acids 282 
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Thus, the total acids equivalents in 100 g. of binder are the sum of the two 
numbers: 0.439 + 0.186 = 0.625. 

B. Equivalents of Uncombined Acid— This number is obtained from the acid 
number which is defined as the number of milligrams of potassium hydroxide re- 
quired to neutralize one gram of free acid. The acid number of the sample above 
is 5.1. Converting to the 100 g. basis and to equivalents from milliequivalents 
(i.e., milligrams), 


the equivalents of uncombined acids 


(acid number) (100) 
(Eq. Wt. KOH)(1000j 


(5.1)(100) 
(56.1) (1000) 


- 0.009. 


C. Equivalents of Combined or Reacted Acid.— This number is obtained by 
subtracting the equivalents of uncombined acid from the total acid: 0.625 — 
0.009 = 0.616. 

D. Water Loss.— The equivalents of water formed (lost) during esterification are 
calculated from the acids rather than from the alcohols involved in the esterifica- 
tion because the acid concentrations found are regarded as more accurate. Thus, 
the equivalents of water which would be formed (lost) during the complete esterifi- 
cation of phthalic anhydride is 0.439/2 = 0.220 since only one equivalent of water 
is formed for each two equivalents of phthalic anhydride involved in the esterifi- 
cation. The equivalents of water which would be formed (lost) during the com- 
plete esterification of the soya fatty acids is 0.186/1 since one equivalent of water 
is formed per equivalent of fatty acids. 

The total equivalents of water which would be formed (lost) during the com- 
plete esterification of all acid groups is the sum of the above two numbers: 

0. 220 + 0.186 = 0.406. However, not all the acid groups were esterified during 
the manufacture of the alkyd resin analyzed because the resin has an acid number 
of 5.1. As shown above in B, an acid number of 5.1 corresponds to 0.009 equiv- 
alents of unesterified carboxylic acid per 100 g. of resin. Since one equivalent of 
water would be formed per free carboxyl group, the equivalents of water corre- 
sponding to the acid number are equal to the equivalents of free acid or 0.009. 
Thus, the water which was formed (and lost) during the manufacture of the resin 
is 0.406 - 0.009 = 0.397. 

The amount of water which would be lost in manufacturing 100 g. of the resin, 

1. e., the percentage water loss, is 0.397 multiplied by the equivalent weight of water 
or (0.397)(I8) = 7.2%. 

E. Total Hydroxyl Equivalents.— 

The total hydroxyl equivalents in 100 g. of binder, calculated from the polyhydric alcohol 
concentrations 


% Glycerol % Ethylene Glycol % Pentaerythritol 

Eq. Wt. Glycerol Eq. Wt. Ethylene Glycol + Eq. Wt. Pentaerythritol 

4-7 GO 11.1 

31.5 31 + l4~ 


0.669. 


F. Equivalents of Uncombined Hydroxyl.— The hydroxyl groups represented in 
the hydroxyl number determination are not esterified. The equivalents of the 
unesterified or unreacted hydroxyl per 100 g. of binder as obtained from the 
hydroxyl number = M 1 ^' 1 number)(100) = (45.7)(100) _ 

(Eq. Wt. KOH)(1000) (56.1)(1000) " 



1662 PAINT, VARNISH, AND LACQUER 

G Equivalents of Combined or Reacted Hydroxyl— The total reacted equivalents 
of hvdroxvl groups from the analyzed pol)hydnc alcohol determinations per 100 g 
of binder is 0 669 0 081 = 0 588 

H Corrected Polyhydrtc Alcohol Concentrations —The combined ester equn 
alents based on the acid determinations are 0 616 while the equivalents based on 
polvhvdric alcohols determination are 0 588 Obvious!) at least one of the results 
is in a ecu r ite Based on the authors experiences the acid determinations are more 
accurate than the polyhydne alcohol determinations If the acid determinations 
are considered correct the amounts of the polyhjdric alcohols should be adjusted 
accordmgh The adjustment may be made by multiplving the amount of each 
polyhydne alcohol by the sum of 0 616 (combined equivalents based on acid deter 
minations) and 0 081 (uncombined equivalents based on hydroxyl number determi 
nation) and then dividing by 0 669 (total equivalents based on polyols determina 
tions) Thus % Glycerol - (4 7)(0 697)/0 669 - 4 9% % Ethylene Glycol (60) 
X (0 697)/0 669 - 6 3% % Pentierytliritol (1 1 1)(0 697)/0 669 1 1 6% 

based on these corrected values the total amount of the separated constituents 
is 107 8% Conversion of the alkyd constituents to the alkyd resin would result 
in formation and loss of 7 2% water and the total recovered resin from the analysis 
then would be 107 8 — 7 2 or 100 6% The experience of the authors has shown 
that a reliable analysis of an oil modified alkyd resin should result in a recovery 
within the range of from 98 to 101% and consequently the above recovery is con 
sidered satisfactory 

/ Normalization of Results —If the recovery of the analysis falls within the 
limits given the analysis is considered accurate and reliable and the results maj 
be normalized for comparison with other formulas A summary of the actual cor 
rccted and normalized results are given below 



% by Actual 

% Corrected by 

Normalized 

Constituent 

Analysis 

Equiialent Calc 

Percentages 

Phthalic Anhydride 

32 5% 

32 5% 

32 3% 

Soy a Fatty Acids 

52 5 

52 5 

52 2 

Glycerol 

47 

4 9 

49 

Ethylene Glycol 

60 

63 

63 

Pentaery thntol 

11 1 

11 6 

115 


106 8% 

107 8% 

107 2% 

Water Loss (calculated) 

72 

7 2 

72 

Total 

99 6% 

100 6% 

1000% 


The normalized results in the right hand column were obtained by multiplying the 
results in the center column by the factor 100 0/100 6 
/ Presentation of Results —It is also convenient for comparative purposes to 
have the analysis reported in terms of the oil content on the normalized basis 
The amount of oil corresponding to the fatty acids may be estimated by using an 
avenge equivalent weight for the polyols and calculating the amount of oil corre 
sponding to the fatty acids The calculations are shown below 



PAINT, yARNISH, AND LACQUER 1663 

Average Equivalent Weight of Polyol = (31.5 + 31 + 34)/3 = 32.2 
Equivalent Weight of Fatty Acids = 282 
Equivalent Weight of Oil = 282 -f- 32.2 — 18 = 296.2 
% Oil (on normalized basis) = (52.2)(296.2)/282 = 54.8 

These results may be summarized and presented as follows: 

Uncombined Combined 

Phthalic Anhydride 32.3% Phthalate Ester 45.2% 

Soya Fatty Acids 52.2 Soya Oil 54.8 

Glycerol 4.9 

Ethylene Glycol 6.3 100.0% 

Pentaerythritol 11.5 

107.2% 

K. Equivalent Weights — The equivalent weights of the constituents of alkyd 
resins will vary with purity and, in the case of fatty acids, with composition. Table 
37-10 gives the approximate equivalent weights of some of the widely used constitu- 
ents, and those used in the above calculation. 

BLENDS OF ALKYD RESINS AND MELAMINE 
AND/OR UREA RESINS 

GENERAL 

Urea-formaldehyde resins are condensation products of urea and formaldehyde. 
The resins suitable for protective and decorative coatings have been modified by 
etherification with an alcohol, usually butanol. Melamine-formaldehyde resins arc 
very similar in composition to the urea-formaldehyde resins except that the urea is 
replaced with melamine. These resins are used extensively in combination with 
oil-modified alkyds in a variety of industrial baking enamels. 

INFRARED ANALYSIS 

Miller and Shreve 54 have published a rapid infrared medrod for the quantitative 
estimation of both urea resins and melamine resins blended with alkyd resins. A 
thin film of resin solution is spread on a rock salt plate and dried for one hour 
at 60°C. in a vacuum oven. Absorbance values are measured at 5.8 microns for the 
alkyd resin, 6.1 microns for the urea resin, and 12.25 microns for the melamine resin. 

ANALYSIS BASED ON NITROGEN DETERMINATION 

If only urea resin or melamine resin is mixed with an alkyd resin, the amount 
ol amino resin may be estimated from the nitrogen content of the resin solution. 
A.S.T.M. Method D1013-52 may be used to determine die nitrogen content of the 
resin solution. The method is applicable for the determination of total nitrogen 
in lesin solutions used in surface coatings. The method is not applicable for 
materials containing nitro groups. A summary of the method is given below. 

Procedure .— Transfer a portion of the sample, weighed to the neatest 1 mg., to a 
Kjeldahl flask. The portion taken should contain from 150 to 250 mg. of nitrogen. 

M Miller, C. D. and Shreve. O. D., Anal. Chem. 28, 200, 1956. 


H2O Loss 
7.2% 
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Add from 0 5 ro 0 75 g of metallic mercury or the equivalent weight of mercuric 
oxide 10 g of potassium sulfate and 2a to 35 ml of sulfuric acid (sp g r 184) 
Mix the contents of the flask thoroughly place on the digestion rack, and heat 
slowly at first until the frothing subsides Increase the heat until the acid boils 
briskh and continue the digestion for 2 hr after the solution becomes colorless or 
nearly so 

Allow the flask to cool add about 500 ml of water and a little granular zinc or 
a few pieces of inert irregularly shaped particles to present bumping Add an 
excess (25 to 30 ml ) of potassium sulfide sodium sulfide or sodium thiosulfate solu 
tion (40 g of K S or Ka_S or 80 g of Na_S 5H O per liter) If Na S a 0, 
solution is used it should be mixed with the NaOH solution (760 g per liter) so 
that both are added together Add an excess (80 to 90 ml ) of sodium hydroxide 
solution (760 g per liter) pouring it slowly down the side of the flask so that it 
doesn t mix at once with the acid solution Immediately connect the flask to a 
connecting bulb (Davisson type or bulb equally effective in presenting mechanical 
carry oxer) and condenser and mix the contents of the flask thoroughly 
Distill the solution into 50 ml of 05 A hydrochloric or sulfuric acid making 
certain that a connecting tube made of moderately heavy wall glass tubing 6 to 8 
in in length leads from the condenser and extends below the surface of the acid 
in the receiver Continue the distill ltion until the ammonia has been collected 
in the receiver (about 300 ml ot distillate) 

Add 5 to 7 drops of methyl red or methyl purple indicator and titrate the excess 
acid with 0 5 A standardized sodium hydroxide solution 

Make a blank determination following the same procedure and using the same 
amounts of all reagents 

Calculation —Calculate the percentage of nitrogen as follows 

~ . . (A - B) X N X 0 014 X 400 

% Nitrogen = 

where A = ml of NaOH solution required for titration of the blank, 

B — ml of NaOH solution required for titration of the sample, 

N = normality of the NaOH solution, 

\V — grams of -ample taken for the analysis, and 
S — fractional nonvolatile content of sample 

The approximate amount of urea resin present may be calculated by multiply 
ing the amount of nitrogen by 5 51 The approximate amount of melamine resin 
present may be calculated by multiplying the amount of nitrogen by 4 08 

If both melamine and urea resins are in the resin solution the amount of neither 
resin can be accurately determined from the nitrogen content Swann and Espo- 
sito 55 have published a method by which the nitrogen of the urea resin only 
may be determined The amounts of both urea and melamine resins may he 
calculated 

ANALYSIS BASED ON SAPONIHCA TION 
The alkyd portion of an alkydammo resin blend may be analyzed reasonably 
well by means of the methods given in the section for the analysis of alkyd resin* 
The dicarboxylic acids content may be determined according to the method g iven 

as Swann M H and Esposito G G Anal Cltem 28, 1984 1956 
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on page 1650. Although amino resins reportedly interfere with the determination 
the authors have found the interference to be almost negligible in most cases. 
Fatty acids separated by means of the method given on page 1652 may contain re- 
action products of the amino resins. Most of these products usually may be elimi- 
nated by adding about 10 ml. of ether to the fatty acid fraction and then centri- 
fuging. Amino resins interfere with the method given for determining ethylene 
glycol, glycerol and pentaerythritol (Polyhydric Alcohols Fraction, page 1655). The 
gravimetric method outlined in this section, however, should be satisfactory' in 
most cases for determining the polyols. 

After the alkyd resin constituents have been determined quantitatively, the 
amount of alkyd resin may be calculated as in the section on Calculations, page 1659. 
(The acid number and hydroxyl number of the alkyd resin cannot be determined 
because the amino resins interfere. Consequently, the corrections usually made 
in alkyd resin calculations for the free carboxyl groups and free hydroxyl groups 
cannot be applied as indicated in the section on Calculations. However, these 
corrections are usually very small.) The amount of amino resins present should 
be the difference between the total resin content (i.e., the total nonvolatile vehicle 
content) and the alkyd resin content. In all quantitative determinations involving 
amino resins or blends of these resins with other resins, it must be remembered 
that amino resins do not have true nonvolatile contents. The resins continuously 
lose weight when they are heated. The nonvolatile content obtained varies with 
temperature, time of heating and thickness of film. Care must be taken that all 
comparisons be made as nearly as possible under identical test conditions. (See the 
section on Nonvolatile Content.) 

DETERMINATION OF MELAMINE BY ACID HYDROLYSIS 

A method for the determination of melamine-formaldehyde resin content of 
blends with alkyds and epoxy resins reported by Swann and Esposito has been 
found to be useful by the authors. 50 The method is based upon the insolubility 
of the acid hydrolysis products of melamine in dioxane, which is a good solvent 
for most coating resins. The procedure involves refluxing the resin blend con- 
taining the melamine resin in a hydrochloric acid-dioxane mixture, weighing the 
precipitate formed, and calculating the melamine content by experimentally estab- 
lished factors. An abstract of the procedure is given below. 

Procedure .— eigh a sample of the alkyd blend representing 0.125 to 0.300 g. 
of amino resin into a 250-ml. Erlenmeyer flask having a 24/40 ground-glass joint 
and dissolve in highest purity dioxane (Note 1). Add 1.50 ml. of 6 N hydrochloric 
acid with swirling of the sample. 

Allow the sample to stand at room temperature for 30 minutes. Then attach 
an air condenser to the sample flask and place it in a water bath at 60°C. After 
2 hours, cool to room temperature and filter through a weighed, fritted-glass cru- 
cible of medium porosity, transferring and washing the precipitate with from 75 
to 100 ml. of dioxane. Draw air through the crucible for 5 minutes. Then place 
in a vacuum oven at 50°C. and dry to constant weight (about 2 hours), cool, and 
weigh. Calculate results (Note 2). 

Calculation.— In cases where no urea is present the weight of the precipitate can 
be calculated to melamine by the factor 0.540, or to melamine-formaldehyde resin 
by the factor 1.610. 

50 Swann, M. H. and Esposito, G. G., Anal. Chem. 29, 1361, 1957. 
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In cases where urea is present (Note 2) the following formula must be used 


% Melamine *** 


[A - (B X C X 0 0161)] X 0 54 X 100 
BXS 


where 4 — weight of precipitate 

B = weight of sample used in analysis 
C = per cent of urea, and 
S — fractional nonvolatile content of sample 


Notes— 1 Dio\ane from Fisher Scientific Company Catalog Item D 53 has been found 
to be satisfactory 

2 When urea resin is present it must be determined by the saponification method of 
Swann and Esposito ss and a correction must be made 


BINDERS CONTAINING ROSIN 


GENERAL 

Rosin is composed mostly of abietic and related acids Approximately 10% of 
neutral material is also present Rosin may be reacted with inorganic materials 
to form tanous rosin salts such as calcium and zinc Rosin esters of methanol 
ethanol glycerol ethylene glycol pentaerythritol and other alcohols are manufac 
tured Rosin may be reacted with maleic anhydride or fumaric acid to form rosin 
idducts The adducts may be esterified with monohydric or polyhydric alcohols 
Rosin often is hydrogenated or reacted with phenol formaldehyde condensation 
products Other rosin products are also manufactured These various rosin prod 
ucts may be found in paints tarnishes or lacquers 

DETERMINATION OF ROSIN 

Due to the wide variety of rosin products used in so many types of paints var 
nishes and lacquers standard methods for the determination of rosin with broad 
ipplicabihty have not been developed Tentative A STM Method D14G95ST 
is applicable to the determination of rosin in normal rosin esters varnishes and 
ortho phtlnlate alkyd resins which have not been modified by such materials as 
nnleic or fumaric acid or phenols An abstract of the method is given below 
Procedure —Transfer to a 500 ml Erlenmeyer flask with a ground glass joint an 
amount of sample containing approximately 40 ± 2 g of nonvolatile material 
Weigh the sample to the nearest 0 1 g Add 150 ml of ethylene gly col potassium 
hydroxide solution (132 g of potassium hydroxide per liter of ethylene glycol) and 
swirl to disperse the sample Add a boiling stone attach an air condenser to the 
flask and reflux on a hot plate for 2 hr 
At the end of the 2 hr refluxing period remove the solution from the hot plate 
and cool to room temperature under tap water Add 100 ml of water and while 
cooling under tap water add 40 ml of concentrated hydrochloric acid (sp gc 1 1®) 
Place on the hot plate again reflux for 5 mm and cool under tap water 
Transfer the sample quantitatively to a 1 liter separatory funnel with the ai 
of a total of 150 ml of vs a ter followed by two 30 ml rinses of benzene Mi* allow 
the lavers to separate and draw off the lower aqueous layer into a second liter 
separatory funnel Extract the aqueous layer with two successive 60ml portions 
of benzene and dram the aqueous layer into a third I liter separatory fun* 1 * 
Combine the benzene extracts and wash with three 30-ml portions of water 
Transfer the washed benzene extract to a 400 ml beaker with the aid of a tou 
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of 25 ml. of benzene. Add a boiling stone, and evaporate the benzene on a steam 
bath. 

With the aid of a total of 100 ml. of methanol, transfer the residue of a 500-ml. 
Ellen meyer flask having a ground-glass joint, add a boiling stone, and swirl to dis- 
solve the oil. Slowly add 5 ml. of sulfuric acid (sp. gr. 1.8 4) while cooling under 
tap water. Attach an air condenser to the flask, and reflux on a hot plate for 10 
min. Cool to room temperature under tap water. 

Add about 250 ml. of sodium sulfate solution (100 g. per liter) to a 1-liter separa- 
tory funnel. Pour the contents of the flask into the funnel, and complete the 
transfer with 100 ml. of benzene. Shake thoroughly, allow to settle, and draw off 
the salt layer. Wash the benzene layer again with two successive 250-ml. portions 
of the salt solution. The last wash should be neutral to methyl orange; if not, 
continue the washings with 50-ml. portions of sodium sulfate solution until neu- 
trality is obtained. 

After removing the last wash, draw off the benzene layer into a 400-ml. beaker, 
using a total of 75 ml. of ethanol to complete the quantitative transfer. 

Complete the determination by die indicator method below, or by the poten- 
tiometric method following. 

Indicator Method.— Add 1 ml. of thymol blue indicator and titrate with a stand- 
ardized methanol solution of potassium hydroxide (0.2 N) to the appearance of a 
blue or blue-green color. 

Potentiometric Method.— Titrate with a standardized methanol solution of po- 
tassium hydroxide (0.2 N) to an apparent pH of 10.5. 

Calculation.— Calculate the percentage of rosin, expressed as abietic acid, as 
follows: 


Rosin Acids, % = 


AX NX 30.2 
W X S ’ 


where A = ml. of potassium hydroxide solution used for titration of sample, 
iV = normality of the potassium hydroxide solution, 

IK = grams of sample taken for analysis, and 
S = fractional nonvolatile content of sample. 


ROSIN IN ROSIN-CONTAINING BINDERS 
The authors have found the methods given in the section for alkyds (page 1650), 
with a few modifications and additions, to be useful in the analysis of most rosin 
containing binders. The same saponification procedure may be used and all the 
fractions (dicarboxylic acids, if present, unsaponifiable, fatty acids, and polyols) 
may be separated in the usual manner. A larger sample than specified may be 
necessary to obtain larger fractions in order to make further analyses. Also, in 
case of cellulose nitrate lacquers, the cellulose nitrate must be removed by the 
procedure given for the analysis of cellulose nitrate (page 1670). 

The dicarboxylic acid fraction (in case of blends with alkyd resins or lacquers 
containing esters of dicarboxylic acids as plasticizers) and the polyol fraction (from 
alkyd resin, oil, or rosin ester) should require no further treatment. 

The unsaponifiable of alk)d resins or unmodified oils usually does not exceed 
one per cent of the total nonvolatile binder. The saponification procedure used 
in the analysis of alkyd resins, however, does not result in complete saponification 
of rosin esters, and some rosin ester is found in the unsaponifiable fraction. The 
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either heat-reactive (appreciable methylol groups present) or non-heat-reactive 
(little or no methylol groups present). Non-heat-reactive resins generally are pro- 
duced with less formaldehyde and with acid catalysts. 

Phenols used in the manufacture of phenolic resins include phenols, cresols, 
xylenols, 2,2-bis(p-hydroxyphenol)propane commonly known as bisphenol-A, 
/t-phenylphenol, p-ZerZ-butylphenol, and p-Zert-amylphenol. Resins produced with 
phenols having a substituent group in the para position have lighter color and 
better color stability. Resins produced with phenol, m-cresol, 3,5-xylenol, and 
bisphenol-A are not oil soluble unless modified with rosin or rosin ester. 

PHENOLIC RESIN SOLUTIONS 

Phenolic resins in solvent solutions usually can be identified rather completely 
by means of infrared spectroscopy. A film of the resin may be obtained by evapo- 
rating the resin solution under vacuum at 60°C. Higher temperatures should not 
be used because such resins are nearly always the heat-reactive type. Shreve 5T has 
pointed out the use of infrared spectroscopy in the identification of phenolic resins. 
Below are observations based on Shreve’s work and the authors’ experiences which 
should aid in identifying a phenolic resin by means of its infrared spectrum: 

1. Phenolic and alcoholic hydroxyl groups absorb near 3 microns. A broad deep 
band in this region of the spectrum is indicative of a large amount of methylol 
groups, and therefore, of a heat-reactive resin. Methylol groups absorb near 9.4 
microns. High absorbance in this region is indicative of a high methylol content, 
and hence, a heat-reactive group. 

2. Alkyl groups absorb near 3.4 microns. Alkyl substitution in the phenol may 
be detected by a band at 3.4 microns. The intensity of the band will be related 
to the amount of aliphatic hydrocarbons present. The infrared absorption spec- 
trum of p-Zert-butylphenoI-formaldehyde (presented as Spectrum 13 in the section 
on Infrared Spectra) illustrates this. 

3. Most phenolic resins give rise to a rather sharp band at 6.2 microns. Xylenols 
and cresols have a doublet near 6.2 microns. 

4. Pa?vj-substituted phenolic resins give rise to a band at 11.45 microns. Spectra 
13 and 14 in the section on Infrared Spectra illustrate this. 

5. Prtra-phenyl phenolic resin has bands at 13.2 microns and 14.4 microns. The 
spectrum of p-phenylphenol-formaldehyde (number 14) in the section on Infrared 
Spectra illustrates this. 

Determination of the alcoholic and the phenolic hydroxyl contents of the dried 
resin (60°C. under vacuum) may aid appreciably in characterizing the resin. The 
total hydroxyl content may be determined by the method (page 1654) for deter- 
mining die hydroxyl number of fatty acids separated from alkyd resins. Alcoholic 
hydroxyl may be determined by phthalation with phthalic anhydride in pyridine. 58 
Phenolic hydroxyl may then be calculated by difference. 

OIL VARNISHES AND VEHICLES 

If an appreciable amount of phenolic resin is present in an oil varnish or 
vehicle, an infrared spectrum of the nonvolatile portion may aid in the detection 
and identification of the phenolic resin. Bands in the spectrum due to the resin 
usually may be detected readily. Spectrum 12 in the section on Infrared Spectra 

=T Shrei e, O. D,, Anal. Chem. 24, 1692, 1952. 

ss Elving, P. J. and Warshowsky, B„ Anal. Chem. 19, 1006, 1947. 
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j s a spectrum of a phenolic oil \amish Mas oils used with phenolic resins (linseed 
tung etc) have about the same molecular weight and ester content and conse 
qucmly most of the oils have about the same absorptivity at 5 75 microns (ester 
carbonyl band) The amount of oil in a phenolic resin binder therefore maybe 
estimated by comparing the absorbance of 5 75 microns of the binder with that of 
an oil only The ratio of the absorbance of the binder to that of the oil should 
approximate the fraction of oil in the binder 

Approximate quantitative analysis may be made sometimes by the methods given 
for the saponification and separation of the unsapomfiable matter and fatty acds 
of alkyd resins (page 1649) The filtration step for removal of the dicarboxyl c acid 
salts after saponification is not necessary instead the saponification solution should 
be evaporated directly to 25 ml The unsapomfiable and fatty acid fraction may 
then be separated according to the procedures given under Fatty Acids Fraction 
page 1652 Some phenolic resins may be insoluble and removal by filtration may be 
necessary The unsapomfiable fraction usually consists almost entirely of phenol c 
resin The fatty acid fiaction usually consists of a combination of fatty acids and 
phenolic resin Portions of the fatty acids and phenolic resin which are chemically 
combined cannot of course be separated The phenolic resin which is not diem 
cally combined may be separated by the method given for the separation of rosn 
and fatty acids (page 1666) 

CELLULOSE NITRATE 

GENERAL 

A number of cellulose derivatives are used in surface coatings The ester and 
ether derivatives particularly cellulose nitrate cellulose acetate butyrate and ethyl 
cellulose are used m lacquer formulations Other derivatives such as methyl 
cellulose and hydroxyethylcellulosc may be found in lacquers or latex fin si es 
The use of cellulosic polymers in lacquers is most important Perhaps the greatest 
advantage of lacquers is tlietr rapid drying rate Films of cellulosic polymers aie 
usually very strong and tough but arc sometimes lacking in adhesion flexib lily 
and/or gloss resins and plasticizers are generally added to lacquers to improve 
these properties The resins and plasticizers arc also added to improve the degree 
of film building by increasing the solids content of the lacquer at spraying 
viscosity 

Cellulose nitrate is by fir the most widely used cellulosic polymer Two of the 
largest uses of this polymer are in automotive and furniture finishes However 
it may be used to coat almost any article where rapid drying is an important factor 
Lacquers based on cellulose nitrate almost always also contain monomeric pl aslt 
cizers and resins m addition to the polymer The most commonly encountered 
plasticizers are the phthalate and phosphate types The most widely used res ns 
include the rosm^eSters non oxidizing short oil glyceryl phthalate alkyd resins 
and linear type polyesters The thinner portion of a cellulose nitrate lacquer 
generally contains ester ketone or alcohol solvents or mixtures of these plus a 
diluent j 

A coating may easily be identified as a cellulose nitrate lacquer by detection o 
the nitrate bands m the infrared absorption spectrum of a film of the clear coitin e 
(or vehicle of the coating) as indicated in the section on Identification of Polymers 
Resins and Oils The presence of strong absorption bands at 6 1 and 7 9 jm cr0 ™ 
plus broad absorption at 12 0 microns generally are sufficient for detection 
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cellulose nitrate. A spectrum of cellulose nitrate (No. 22) and a plasticized cellu- 
lose nitrate lacquer (No. 23) are given in the section on Infrared Spectra. Common 
plasticizers are listed in Table 37-2 and spectra of these plasticizers are also given 
in the section on Infrared Spectra. An infrared method for the quantitative deter- 
mination of cellulose nitrate in the presence of other cellulosics and resins nor- 
mally compounded with cellulose nitrate also is available. 59 

There is no standard method applicable to the analysis of cellulose nitrate lac- 
quers in general. However, there are some generally accepted procedures ap- 
plicable to some common lacquer compositions. Swann 60 has reported methods 
for the analysis of cellulose nitrate lacquers containing phthalate plasticizers and/or 
alkycl resins. In this scheme the thinner in the lacquer vehicle is removed by 
pouring the vehicle into boiling water. The binder is recovered from the water- 
binder mixture by filtration and the cellulose nitrate is separated from the plasti- 
cizer and resin portions of the binder by treating the binder with a benzene- 
ethanol solvent. The precipitated cellulose nitrate is separated, dried, and weighed. 
From a determination of the total phthalate content of the filtrate by an ultra- 
violet method, the plasticizer and alkyd resin portion is calculated. When both 
phthalate plasticizer and alkyd resin are present, the plasticizer is isolated on a 
separate portion of the vehicle by adsorptive filtration through charcoal. Hanson 5 
has reported an interesting method for separating monomeric plasticizers, resins, 
and cellulose nitrate by first dispersing the total lacquer (including pigment and 
thinner) on salt and then selectively extracting the plasticizer, resin, and cellulose 
nitrate by a Soxhlet procedure. Hanson’s method is discussed in the section on 
Identification of Plasticizers (page 1640). Shaefer and Becker 61 have presented very 
useful methods for the determination of cellulose nitrate in the presence of alkyd 
resins and for the separation of alkyds from cellulose nitrate. Their separation 
method is based on the conversion of cellulose nitrate to a water-soluble form by 
reduction with ferrous chloride followed by the extraction of the alkyd resin with 
methylene chloride. 

From the methods described above it can be seen that no single analytical scheme 
can be used for the complete characterization of all cellulose nitrate lacquer com- 
positions. However, the application of a few general methods usually will make 
possible a reasonably complete quantitative analysis. The general outline for an 
analysis given below consists of the determination of the nonvolatile vehicle con- 
tent, separation of the cellulose nitrate portion of the lacquer from the plasticizer 
and resin portion, and characterization of each portion. 

NONVOLATILE CONTENT 

It is relatively difficult to obtain an accurate determination of the nonvolatile 
content of cellulose nitrate lacquers because these compositions release thinner 
rather slowly on the one hand and because some of the plasticizers in use are 
relatively volatile. For these reasons a modification of method B of the Foil 
Method (page 1642) or a special dish method (page 1618) should be used. Swann « 2 
has suggested a sample size representing 0.5 g. of nonvolatile vehicle for both the 
foil and the dish methods. In the foil method oven-drying is omitted and instead 

53 Rosenbergcr, H. M. and Shoemaker, C. J„ Anal. Chem. 31, 1315, 1959. 

°o Swann, M. H„ Adams, M. L„ and Esposito, G. G., Anal. Chem. 27, 1426 1955 See 
also, reference «, p. 399. 

«i Shaefer, W. E. and Becker, W. W„ Anal. Chem. 25, 1226, 1953. 

G ~ Kappelmcier, C. P. A., op. cit., p. 334; see also reference 50 . 
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Remove the thimble from the extraction apparatus, allow to drain and then dry 
in an oven at 105° ± 2°C. to a constant weight. Save and combine all filtrates if 
the plasticizer is to be analyzed. 

Calculation.— 


_ R X 100 

% Cellulose Nitrate = ■ — — - — > 

W X o 

where R = grams of material in the thimble after extraction 
W = grams of sample taken, and 
S = fractional nonvolatile content of sample. 

Note— The aboie methods for sepaiating cellulose nitrate may be varied with respect 
to sohent used, size of sample, time of extraction, etc. In order to obtain clean and 
complete separation of cellulose nitrate, modifications of the methods raa; be necessan foi 
some lacquers. Obiioush, complete separation is necessary for accurate quantitative 
analysis. Completeness of separation may be checked by means of the infraied methods 
discussed above or by spot tests given in the section on Qualitative Spot Tests (page 1632). 

ANALYSIS OF CELLULOSE NITRATE FRACTION 
The nitrate nitrogen content of the separated cellulose nitrate may be deter- 
mined by the nitrometer method according to A.S.T.M. Method D301-56 or by a 
modified Kjeldahl method. A method found to be useful by the authors is that 
of Shaefer and Becker. 01 In this method the sample is dissolved in hot acetic acid 
and boiled with a special iron(II) reagent. The iron(III) produced by the oxidiz- 
ing action of the nitrate is then titrated with standard titanous chloride. The 
Shaefer and Becker method is especially useful when only the cellulose nitrate 
content of the lacquer vehicle is desired because the method may be applied 
directly to the vehicle without prior isolation of the cellulose nitrate. When 
applied to the total vehicle, the amount of cellulose nitrate present is calculated 
by assuming the cellulose nitrate contains 12% nitrogen. 

ANALYSIS OF THE PLASTICIZER AND/OR RESIN FRACTION 
The plasticizer and/or resin portion may be obtained by careful evaporation of 
the solvent phase resulting from the cellulose nitrate separation. Methods for the 
identification of the plasticizers are discussed in the section on Identification of 
Plasticizers (page 1640). Rosin esters may be detected by the Liebermann-S torch 
test (page 1638). Haslam, Soppet, and Willis 34 have published methods for the 
infrared and chemical examination of plasticizers obtained from poly(vinyl chlo- 
ride) compositions. Many of the plasticizers discussed are also found in cellulose 
nitrate formulations. 

In many cases the plasticizer and/or resin portion may be analyzed by the 
methods given for the analysis of alkyd resins (page 1649). The data obtained in 
the analysis may require considerable interpretation. A few examples of how the 
data may be interpreted follow: the presence of phthalate ester and absence of 
fatty acids indicate the absence of alkyd resin; if the amount of polyhydric alcohol 
found is equivalent to the combined dicarboxylic acids and fatty acids fractions, 
the absence of monomeric phthalate ester is indicated; if the amount of polyhydric 
alcohol found is less than equivalent to the combined dicarboxylic acids and fatty 
acids fractions, both alkyd resin and monomeric phthalate ester are indicated; the 
presence of fatty acids and absence of dicarboxylic acids indicates the presence of 
an oil. If the data obtained in the analysis are sufficient to identify the components 
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present the amounts present usuall) can be calculated If rosin ester is present 
in die plasticizer and/or resin portion it may be determined by the methods gnen 
in die section on Binders Containing Rosin (page 1G66) 

CELLULOSICS OTHER THAN CELLULOSE NITRATE 

GENERAL 

As indicated m the above section, cellulosics other than the nitrate are used in 
lacquer formulitions Important cellulosics other than the nitrate include cellu 
lose acetate cellulose acetate butyrate and ethyl cellulose Cellulose acente has 
high resistance to heat and ultras lolet radiation However, it is not compatible 
with many resins and plasticizers and is not soluble in many organic salients 
lor these reasons its use is limited to coatings which must have high heat and ultra 
violet resistance 

Cellulose acetate butyrate has better compatibility „nd solubility properties and 
is more rudely used m such formulations as metal finishes, airplane lacquers 
stnppable coatings and in paper coatings Although the compatibility and solu 
bility of the acetate butyrate is better than that of the acetate, it is not as good as 
that of cellulose nitrate Both the acetate and the acetate butyrate polymers hare 
good heat and light resistance and both are much less flammable than the nitrate 

Eth\l cellulo'e an ether of cellulose is more resistant to alkali than the cellulose 
esters but less resistant to acids The ether is more flexible at low temperatures 
than are the cellulose esters and more resistant to heat and light than is cellulose 
nitrate Edryl cellulose is compatible with many resins plasticizers and waxes and 
is soluble m many organic solvents It is used in paper and textile coatings stnp- 
pable coatings fabric coatings, furniture lacquers, and lacquers formulated for 
exterior exposure 

ANALYSIS 

The same general scheme of analysis gnen in the preceding section for the 
aualvsis of cellulose nitrate coatings may be used for the analysis of coatings con 
taming cellulose acetate cellulose acetate butyrate or ethyl cellulose Infrand 
spectra of these polymers do not haxe such strong, distinctive bands as cellulose 
nitrate and identification of the polymers in coatings by means of infrared spectra 
is more difficult However, the spectra are sufficiently distinctive so that identifi 
cation of the separated polymers can be made Spectrum 24 in the section on 
Infrared Spectra is a spectrum of cellulose acetate. Spectrum 25 is a spectrum of 
cellulose acetate butyrate A spectrum of ethyl cellulose is given in reference 11 
Hie Soxhlet extraction method given above (page 1672), with n hexane as the 
extraction solvent, instead of ether, usually is satisfactory for the isolation of the 
plasticizer from coatings containing cellulose acetate, cellulose acetate butyrate, or 
ethyl cellulose Genung 63 has published methods by which the cellufosic polymers 
may be analyzed The plasticizer fraction may be analyzed by the methods given 
on page 1673 and in the section on Identification of Plasticizers, page 16 fO 

83 Genung L B , Anal Chem 22, 401, 1950 
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VINYL RESINS 

GENERAL 

Vinyl polymers and copolymers, such as poly(vinyl chloride), poly(vinyl acetate), 
poly(vinyl chloride-acetate), poly(vinyl butyral), and poly(vinyl alcohol), are used 
in coatings formulations. The most widely used of these vinyls in lacquer formu- 
lations are the poly(vinyl chloride-acetate) copolymers, and consequently, these 
copolymers will be discussed further. The poly(vinyl chloride-acetate) copolymers 
have very high resistance to most chemicals. They are sufficiently soluble in sol- 
vent mixtures containing ketones to make application practical, and yet the 
applied film is unaffected by many solvents. The resins are colorless, odorless, 
tasteless, and non-toxic. Films of these resins are tough and have good abrasion 
resistance. Light and heat resistance and adhesion of the films are relatively poor, 
however. Poly(vinyl chloride-acetate) resins are used in coatings for metal con- 
tainers, paper and fiber food containers, swimming pools and other masonry, and 
tanks. 

Several varieties of poly(vinyl chloride-acetate) resins are manufactured. For 
maximum chemical and solvent resistance, resins with a high vinyl chloride con- 
tent, approximately 95%, are produced. Resins with better solubility and com- 
patibility contain about 87% vinyl chloride and 13% vinyl acetate. Hydroxyl 
groups are sometimes incorporated in the resins to improve compatibility. Some 
resins are modified with about 1% of a dicarboxylic acid, such as maleic acid, to 
improve adhesion. 

Practically all lacquers based on poly(vinyl chloride-acetate) resins require plasti- 
cizers. Both monomeric plasticizers (such as dioctyl phthalate, tricresyl phosphate, 
and dioctyl sebacate) and polymeric or resinous plasticizers are utilized. Many 
resins, such as rosin esters, phenolic resins, and urea-resins are used with poly(vinyl 
chloride-acetate) resins containing hydroxyl groups. 

ANALYSIS 

The presence of a poly(vinyl chloride-acetate) resin in a lacquer vehicle can be 
detected from the infrared spectrum of the nonvolatile portion of the vehicle by 
using the scheme given in Table 37-1. The infrared spectra of some vinyls are 
given in the section on Infrared Spectra: poly(vinyl chloride), No. 26; poly(vinyl 
acetate). No. 39; poly(vinyl chloride-acetate), No. 28; and a phthalate plasticized 
poly(vinyl chloride), No. 27. The spectrum of poly(vinyl chloride) has an absorp- 
tion band at 7.5 microns and a broad band at about 14.5 microns both of which 
are not present in the infrared spectrum of poly(vinyl acetate). The spectrum of 
poly(vinyl acetate) contains a strong absorption band at 5.8 microns due to an 
ester carbonyl group. Both resins give rise to absorption at 7.0 microns, the ab- 
sorption of the acetate being weak compared with that of the chloride. The 
spectrum of poly(vinyl chloride-acetate) is a composite of the spectra of poly(vinyl 
chloride) and poly(vinyl acetate), the intensity of the various absorption bands 
varying with the concentration of vinyl chloride and vinyl acetate in the co- 
polymer. The spectrum of a vinyl terpolymer, poly(vinyl chloride-acetate-maleic 
acid), also is included in the section on Infrared Spectra to show that terpolymers 
containing only 1% maleic acid cannot be distinguished by the copolymer by 
means of their infrared spectra. 
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years but were used only in small-volume speciality uses until recently because of 
cost. The availability of lower cost monomers has made possible competitive use 
of the resins in many coatings. This in turn has resulted in development of many 
new types of polymers with better performance characteristics in paints and lac- 
quers. Acrylic solution polymers are used in aircraft lacquers, automotive finishes, 
aluminum coatings, hardware lacquers, and other finishes. Development of emul- 
sion polymers has resulted in appreciable usage of the resins in both interior and 
exterior latex house paints. The high ultraviolet light resistance of the acrylic 
resins makes the emulsion polymers particularly useful for exterior latex house 
paint where they are now being used widely. Until recently both solution and 
emulsion polymers have been diermoplastic and permanently soluble and fusible. 
However, at present both solution and emulsion polymers are available in which 
crosslinking agents are blended or copolymerized. These resins are thermosetting 
and become insoluble upon conversion by heat, are harder, and have better chemi- 
cal resistance. These resins are used in appliance finishes. 

ANALYSIS 

There are no standard methods for the analysis of acrylate coatings. However, 
there are some generally recognized methods for the analysis of methacrylate lac- 
quer formulations. The polymer may be identified by means of the infrared 
spectrum of the nonvolatile vehicle portion of the lacquer via the scheme given 
in Table 37-1. The bands at about 8 microns have been used by the authors to 
distinguish a coating which is primarily a methacrylate from one which is pri- 
maril) an acrylate. The methacrylates exhibit more or less of a doublet at 7.9 
and 8.05 microns, whereas the acrylate exhibits a relatively broad, single absorption 
band at 8.0 microns. Spectra 30 and 32 in the section on Infrared Spectra are 
spectra of methacrylates; spectrum 31 is that of a phdialate plasticized methacrylate 
formulation. 

As in the case with most lacquers, the binder portion of most methacrylate lac- 
quers contain plasticizers in addition to the methacrylate homo- or copolymer. 
Consequently, the first step in the analysis of this type of coating involves the 
separation of the plasticizer and polymer portions of the binder. This may be 
done by the Soxhlet or solvent-nonsolvent method (page 1672). In the solvent-non- 
solvent method acetone may be used as the solvent and petroleum ether may be 
used as the nonsolvent. 84 Swann and Esposito G5 have developed a saponification 
method for separating methacrylate polymers from plasticizers and other polymers. 
In this method the lacquer samples are diluted with acetone, air-dried to remove 
all thinner, dissolved in methyl ethyl ketone, saponified with alcoholic alkali, and 
poured into a large volume of dilute acid. The insoluble methacrylate polymer is 
then isolated by filtration. The method has been used to separate the methacrylate 
polymer from lacquers containing cellulose nitrate and plasticizers, such as dibutyl 
phthalate, tricresyl phosphate, and butyl benzyl phthalate. 

The isolated polymer portion of the lacquer binder often can be identified from 
its infrared spectrum. However, a more sensitive way to deteimine the composi- 
tion of copolymers is through a vacuum depolymerization technique followed by 
identification of the depolymerization products by gas chromatography, infrared 

1,4 Kappelmeier, C. P. A., op. cit., p. 35G. 

« Swann, M. H. and Esposito, G. G., Offic. Dig. Federation Soc. Paint Technolog)- 33, 
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Many epoxy resin vehicles are solutions of epoxy resins only, to which curing 
catalysts are added before application. The epoxy resin may be detected by means 
of the tests discussed in the above paragraph. The amount of resin in such a 
solution may be obtained by means of a nonvolatile determination. Classification 
of the resin may be made by means of the melting point and epoxide content of 
the resin since the manufacturers of epoxy resins usually specify the limits for 
melting point and epoxide content of each resin supplied. In addition to the 
infrared method, A.S.T.M. Method D1G52-59T may be used for determining the 
epoxide content. An abstract of this method is given below. 

Apparatus. Buret, closed-reservoir type, the buret tip should be fitted with a 
rubber stopper of the proper size to fit the neck of the Erlenmeyer flask and the 
stopper should have an additional small hole to permit the escape of replaced air 
during titration. 

Erlenmeyer Flasks, 50-ml. and 100-ml. capacity. 

Magnetic Stirrer, adjustable speed. 

Magnetic Stirring Bars, tetrafluoroethylene (Teflon) covered. 

Reagents. Chlorobenzene. 

Chloroform-Chlorobenzene Mixture (1:1). 

Crystal Violet Indicator Solution.— Prepare a 0.1% solution of crystal violet in 
glacial acetic acid. 

Glacial Acetic Acid. 

Hydrogen Bromide, anhydrous. 

Hydrogen Bromide in Acetic Acid, Standard (0.1 N ).— See Notes 1 and 2. Pre- 
pare by bubbling anhydrous HBr at a slow rate through glacial acetic acid until 
the desired normality is attained (approximately 8 g. of EIBr per liter). Standardize 
daily against 0.1 g. of sodium carbonate accurately weighed and dissolved in 10 ml. 
of glacial acetic acid. 

Notes.—]. Reagent of 0.1 N concentration has been specified because as solutions ex- 
ceed this concentration, they become progressively less stable. 

2. Hydrobromic acid, 30 to 32% concentration in acetic acid, available from the East- 
man Co. (Catalog No. 1161), has been found satisfactory for the preparation of 0.1 N 
HBr solution. 

Procedure .— Weigh to the nearest mg. a quantity of sample that contains 0.001 
to 0.002 gram equivalents of epoxy groups into an Erlenmeyer flask. Use a 50-ml. 
flask for low-molecular-weight resins (liquid grades) and a 125-ml. flask for high- 
molecular-weight resins (solid grades). 

Dissolve the sample in a solvent at room temperature. Use 10 ml. of chloro- 
benzene for liquid grade resins and 25 ml. of a 1:1 mixture of chloroform and 
chlorobenzene for solid grade resins. Place a Teflon-sealed magnetic stirring bar 
into the flask and allow mixture to swirl on magnetic stirrer to effect solution. 

Add 4 to 6 drops of crystal violet indicator solution and attach the flask to the 
rubber stopper on the buret tip. Lower the buret tip to a point just above the 
solution and titrate with the hydrogen bromide in acetic acid to a blue-green end 
point with the magnetic stirrer rotating at a moderate speed to avoid splashing. 
Slow down the titration near the end point to allow ample time for the reaction 
to take place. Titrate to as nearly as possible the same color at the end point as 
that obtained during standardization of the reagent. 

Make a blank determination on the reagents in a n identical manner. 

Calculations.— Calculate the normality of the HBr in acetic acid as follows: 
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„ A X 200 X 5 
" = “53 XB ’ 

where /V = normality of the HBr in acetic acid, 

/l = grams of Na 2 COj used, and 
B — milliliters of HBr used 

Calculate the epoxy content in gram equnalents of epoxy groups per 100 g of 
resin as follows 


^ „ N X (A - B) 

Epoxy Content = ,0 X C 

where V = normality of the HBr in acetic acid 

A — milliliters of HBr used for titration of the sample, 

B — milliliters of HBr used for titration of the blank, and 
C — grams of sample used 

Epoxy resins are widely used as esters of fatty acids or rosin A colorimetric 
method for the determination of bisphenol type epoxy resins in esters as well as 
in their unmodified form and in silicone blends has been published 0 Peacock 
and l’ross hate published an infrared method based on the absorption of the 
ester carbonyl group to determine the equivalent percentage of oil m such esters 
Fatty acids may be separated and identified by means of the procedures given in 
the section for the analysis of alkyd resins The ester may be saponified according 
to the procedure given in ASTM Method D563 52 If the resin precipitates dur 
mg saponification, it should be removed by filtration The fatty acids may be 
separated from the filtrate by means of ASTM Method D563 52 

Analysis of blends of epoxy resins with urea resins melamine resins or phenolic 
resins is rather difficult The amount of urea resin or melamine resin may be 
estimated by means of the procedure given on page 1663 for the determination of 
urea or melamine resins blended with alkyd resin In many cases the epoxy 
resin may be separated reasonably well from the other resins by the use of solvents 
Most urea and melamine resins are soluble in alcohols Most phenolic resins arc 
soluble in alcohols or aromatic solvents Most of the epoxy resins are almost com 
pletely insoluble in alcohols and aromatic solvents 

IDENTIFICATION AND ANALYSIS OF PIGMENTS 
GENERAL 

The pigment identification and analysis is performed on the pigment separated 
by the procedures given in the section on sohent type coatings (page IG21) or in 
the section on water type coatings (page 1626) While the number of pigments 
commonly used in paint is large, it is unlikely that more than a few pigments wi 
be present in any one paint and in many cases only a single pigment will je 
present In addition, it is usually not necessary to determine the small amounts 
of pigments used for tinting 

to Swann M H and Fsposito C G Anal Chent 28, 1006 1956 « 

Ti Peacock, \ r M and Pross A \\ Offic Dig Federation Soc Paint Tecnno „ - > 

702, 1955 
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As indicated in the introduction to this chapter, the primary purpose of the 
pigment is to provide hiding power and color. In addition, the pigment affects 
various other properties, such as gloss and viscosity. The gloss of a coating may 
vary from the high gloss of a baking enamel through an intermediate satin or 
eggshell gloss to a complete flat finish. For the most part the gloss of a coating is 
controlled by the amount and type of pigment incorporated in the formulation. 
After sufficient hiding pigments have been added to obtain the hiding power 
desired, a lowering of gloss is obtained by the addition of non-hiding or extender 
pigments. For example, the high gloss of an enamel is due to the fact that it 
contains a much lower pigment content than a product referred to as a paint; 
and because of the necessary low pigment content, an enamel usually contains only 
hiding pigments. 

The type and amount of pigment in a coating also determines to a great extent 
the consistency or viscosity of the final product. Pigments differ in their ability 
to adsorb oil or other binder materials. Thus the viscosity of the vehicle portion 
being constant, the viscosity of the finished material is determined by the amount 
and kind of pigments used. Control of the viscosity is particularly necessary to 
ensure proper application of the coating, whether by brushing, spraying, roller 
coating, or some other method. 

The pigments as well as the binder make an important contribution to the dura- 


Table 37-11. White Pigments Commonly Used in Paint 


Titanium Pigments 

1 . Titanium Dioxide 

2. Titanium-Calcium 

Zinc Pigments 

3. Zinc Oxide 

4. Lithopone 

5. Leaded Zinc Oxide 

Lead Pigments 

6. Basic Silicate White Lead 

7. Basic Carbonate White Lead 

8. Basic Sulfate White Lead 

Antimony Pigments 

9. Antimony Oxide 
Extender Pigments 

10. Talc 

11. Clays 

12. Mica 

13. Whiting 

14. Barytes 

15. Quartz Silica 

16. Diatomaccous Silica 

17. Gypsum 


Chemical Constituents 

94-98% Ti02 plus minor amounts of ZnO, A1 2 0 3 , 
Sb 2 0 3 , and Si0 2 . 

30% Ti0 2 & 70% CaS0 4 or 50% Ti0 2 & 50% 
CaS0 4 . 


98-99% ZnO. 

28% ZnS plus BaS0 4 . 

50-88% ZnO plus PbS0 4 .PbO. 


47.9% PbO, 47.9% Si0 2 , 4.2% SO s . 
62-75% PbCOa plus Pb(OH) 2 . 
2PbS0 4 .Pb0. 


Over 99% Sb 2 0 3 . 


Natural Hydrated Magnesium Silicate. 
Natural Hydrated Aluminum Silicate. 
Natural Alkali Aluminum Silicate. 

98% CaCOs- 
98% BaS0 4 . 

98% Si0 2 . 

87-95% Si0 2 . 

Hydrated Calcium Sulfate. 
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Table 37 12 Colored Pigments Commonly Used in Paint 


Blue Pigments 

18 Iron Blue 

19 Phthalocyanine Bhie 

20 Ultramarine Blue 

Yellou Pigments 

21 Chrome Yellow 

22 Zinc Yellow 

23 Cadmium Lithopone 

24 Pure Yellow Iron Oxide 

25 Raw Sienna 

26 Yellow Ochre 

27 Hansa Yellow 10G 

Green Pigments 

28 Chrome Green 

29 Phthalocyanine Green 

30 Chromium Oxide 

Orange Pigments 

31 Molybdate Orange 

32 Chrome Orange 

33 Dimtraniline Orange 

Broun Pigments 

34 Pure Brown Iron Oxide 

35 Metallic Brown 

36 Raw Umber 

37 Burnt Umber 

38 Burnt Sienna 
Red Pigments 

39 Pure Red Iron Oxide 

40 Red Iron Oxide 

41 Venetian Red 

42 Cadmium Lithopone, Red 

43 Lithol Red, Barium 

44 Lithol Red, Calcium 


Chemical Constituents 
Ammonium Ferric Ferrocyamde 
Copper Phthalocyanine Chelate 
Complex Combination of Soda, Alumina, Silica 
and Sulfur 


PbCrO< or mixture PbCr 04 PbSOi 
ZnCrOj containing about 41% Cr0 3 &_ 40% 
ZnO 

CdS & BaS0 4 
98 99% Fe 2 0 3 H 2 0 

Natural Hydrated Yellow Iron Oxide (35-72% 
FeoOa) 

Natural Clays Impregnated With Yellow Hy 
drated Iron Oxide (5-55% Fe->Os) 
Diazotized />-chloro o mtroamhne coupled with o- 
chloroacetoacetamlide 

Combination of Chrome Yellow & Iron Blue 
Chlorinated Copper Phthalocyanine Chelate 
99% Cr 2 0 3 


PbCrOi, Lead Molybdate, &. PbSOi 
Basic Lead Chromate 
Diazotized 2,4 dinitroaniline coupled with 
2-naphthol 

Blend of Pure Red, Yellow &. Black Iron Oxides 
(92 98% Fe 2 0 3 ) 

Natural Iron Ores Usually of Limomte or Sidente 
Type (48 88% Fe 2 0 3 ) 

Natural Hydrated Yellow Iron Oxide (40-55 Jo 
re 2 0 3 , MnO* and Cur? 

Calcined Raw Umber (44-55% Fc 2 Oj 8- 10-t6% 

Mn0 2 ) 

Calcined Raw Sienna (50-73% Fe 2 0 3 ) 


98% Fe,0 3 

Natural Oxides or Mixtures of Natural and oyn 
thetic Oxides (60-94% Fe 2 Oj) 

40% Fe 2 0 3 , 60% CaSOi 
CdS, CdSe, &. BaSOi , 

Diazotized 2-naphthy lamine-1 sulfonic 2C1 
coupled with 2 naphthol, barium salt 
Same ^s Above But Calcium Salt 
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Table 37-12. ( Continued ) 


Red Pigments 

45. Para Red 

46. Or//;o-Chlorinated Para Red 

47. Parachlor Red 

48. Toluidine Red 

49. Lithol Rubine 

50. BON Manganese Red 
51 Alizarine Red Lake 

Maroon Pigments 

52. Toluidine Maroon 

Black Pigments 

53. Carbon Black 

54. Lampblack 

55. Bone Black 

56. Black Iron Oxide 

Other Pigments 

57. Red Lead 

58. Graphite 

59. Aluminum 

60. Zinc 


Chemical Constituents 

Diazotized />-nitroaniline coupled with 2-naphthol. 

Diazotized o-chloro-/;-nitroaniline coupled with 2- 
naphthol. 

Diazotized o-nitro-/>-chloroaniline coupled with 2- 
naphthol. 

Diazotized m-nitro-/>-toluidine coupled with 2- 
naphthol. 

Diazotized 4-aminotoluene-3-sulfonic acid coupled 
with 2-hydroxy-3-naphthoic acid, calcium salt. 

Manganese salts of various amines coupled with 2- 
hydroxy-3-naphthoic acid. 

Alizarine Dye Precipitated On Inert Aluminum 
Hydrate, Calcium Phosphate-Sulfate Base. 


Diazotized m-nitro-/;-toluidine coupled with m- 
nitroanilide of 2-hydroxv-3-naphthoic acid. 


80-95% Fixed Carbon, 6-19% Volatile. 

80-95% Fixed Carbon; Plus Complex Hydro- 
carbon Oils. 

10-20% Carbon; 80-90% Ca 3 (P0 4 )2. 

94-95% Fe 3 Q 4 . 


95-98% Pb 3 0 4 . 

40-80% Carbon Plus Mineral Ash. 
Technical Grade Aluminum. 
Technical Grade Zinc. 


bility of the coating, including its resistance to moisture, the ultraviolet rays of 
the sun, and various chemicals to which the film may be exposed. The pigments 
in a particular coating are those which have been found suitable for the conditions 
to which they will be exposed, whether for interior or exterior use. 

Pigments may also be used to enhance greatly the corrosion resistant properties 
of a protective coating. In anti-fouling paints, the pigment is chosen for the 
fungicidal properties it may possess. 

In Tables 37-11 and 37-12 are given lists of 60 of the pigments most commonly 
used in surface coatings. In this list the pigments are listed according to color. 
While the list is not complete, it includes the pigments encountered in the vast 
majority of practical cases. A more complete list of pigments available to the 
paint formulator can be found in the Raw Material Index. 72 In addition to classi- 
fying the pigments according to color, it is generally advisable to distinguish between 
inorganic and organic pigments. Accordingly, qualitative tests for the pigments 

■ 2 National Paint, Varnish, and Lacquer Association, Raw Materials Index, National 
Paint, Varnish, and Lacquer Assoc., Inc., Washington 5, D. C., Sept. 1955. 
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in each of these broad classifications are gnen In the inorganic field the analjst 
can proceed further and make quantitative determinations of some of the tanous 
metals and inorganic radicals present in the pigment or pigment mixture From 
these determinations and a knowledge of the composition of the various pigments 
as shown in Tables 37 11 and 37 12 it is possible to estimate the amounts present 
For the organic pigments it is generally sufficient to identify the pigment present 
In many cases only one organic pigment will be present and in most of the other 
casts it will be present in small amounts as a tinting material In the few cases 
where the organic pigment is present in a substantial amount in admixture with 
inorganic pigments the organic pigment may be separated by extraction with an 
organic solvent such as chloroform dioxane or alcohol 

TESTS FOR PRESENCE OF ORGANIC PIGMENTS 

GENERAL 

All of the pigments in Tables 37 11 and 37 12 are classified as inorganic except 
numbers 19 27 29 33 43 44 45 46 47 48 49 50 51 and 52 For comenience 
carbon black lampblack and bone black are classified as inorganic 
Organic pigments may be either pigment dyestuffs or precipitated colors A 
pigment dyestuff is an organic compound which is practically insoluble in water 
so that no metallic group is necessary for its precipitation Hansa Yellow Para 
Red and Toluidine Red are examples ot pigment dyestufls A precipitated color 
is prepared from an organic dye which is normally soluble m water but which is 
precipitated by the preparation of a metallic salt of the soluble compound Lnhol 
Red and Lithol Rubine are examples of precipitated colors 

TESTS FOR ORGANIC PIGMENTS 

Tests for detecting organic pigments are based upon either extraction or ignition 
of the pigment mixture The first indication of the presence of an organic pigment 
in the analysis of the total paint may be obsened in the supernatant washes ob- 
tained when separating the pigment by the extraction procedure gnen m the sec 
tion on the Isolation and Determination of the Pigment (page 1621) At least i 
small part of the organic coloring matter usually dissolves in the extraction mix 
lure imparting to it a rather clean bright coloi An extraction procedure lor 
detecting organic coloring matter is gnen as part of ASTM Method DaOjO 
This procedure was gnen for organic coloring matter in yellow orange red and 
brown pigments containing iron and manganese but it also can be used for other 
classes of inorganic pigments An abstract of the ASTM extraction method and 
an ignition procedure found useful by the authors are gnen below 

Extraction Procedure —Boil 2 g of the pigment sample with 2a ml of water 
let settle ami decant the supernatant liquid Boil the residue with 25 ml of ethyl 
alcohol (95%) and decant as before Boil die residue with 2o ml of 1 A alcoholic 
sodium hydroxide solution and again decant Boil another 2 g portion of the 
sample with 2o ml of chloroform let settle and decant the supernatant liquid 
If any one of the above solutions is colored organic coloring matter is indicate 
Ignition Procedure — Place a sample of the pigment m a porcelain crucible an 
ignite at a temperature of 600-700*C 
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Organic colors will burn and in the case of pigment dyestuffs leave little or no 
ash. When the organic pigment is a precipitated color, an ash will remain. 


IDENTIFICATION OF INORGANIC PIGMENTS 
QUALITATIVE CHEMICAL TESTS 

C. P. A. Kappelmeier has devised an excellent scheme for the identification of 
inorganic pigments present in mixtures. 73 This scheme is based on five simple 
preliminary tests, a main analysis of the components soluble and insoluble in acids, 
and a number of additional special reactions. The preliminary tests are particu- 
larly useful and are based on characteristic reactions of the components of the pig- 
ment portion with the following reagents: (A) 4 M hydrochloric acid, (B) 2 M acetic 
acid, (C) 4 M sodium hydroxide solution, ( D ) 1 M sodium carbonate solution, and 
( E ) a mixture of about equal parts of ammonia (25 to 28%) and 2 M ammonium 
carbonate. To perform the tests about 0.3 to 0.5 g. of the pigment is treated in 
a test tube with 8 to 10 ml. of the solution in question. 

Table 37-13 contains a summary of the observations made by Kappelmeier when 
the pigment is treated with the above reagents. 

ELEMENTAL TESTS 

The tests given in the above section usually are sufficient for an identification 
of an inorganic pigment. When considered necessary, classifical wet chemical 
methods for the detection of the elements may be applied to pigments. 73 In the 
authors’ laboratory, x-ray fluorescence spectrography and flame photometry are 
used to detect, and in some cases, determine the inorganic elements found in 
paint. 74 


SPECTROSCOPIC AND DIFFRACTION METHODS 

As indicated above, x-ray fluorescence spectrography, flame photometry as well 
as optical emission spectrography may be used to detect the elements normally 
encountered in pigments. Infrared spectrophotometry and x-ray diffractometry are 
also powerful tools for identifying pigments, both inorganic and organic. Probably 
the most efficient way to identify any completely unknown inorganic material is 
first by emission spectrography (x-ray or optical), then by infrared, and finally by 
x-ray diffractometry. The elements are determined by emission, the polyatomic 
ions by infrared, and the combinations of the ions (the specific salts) by x-ray dif- 
fractometry. 75 Examples of the use of spectroscopic methods for pigment and 
paint analysis may be found in reference 7G . The infrared spectra of 30 inorganic 
pigments may be found in reference 14 ; spectra of pigments may also be found in 
the Encyclopedia of Spectroscopy. 15 

73 Kappelmeier, C. P. A., op. cit., p. 189. 

74 Snell, F. D., and Biffin, F. M., Commercial Methods of Anal) sis, McGraw-Hill Book 

Co., New )ork, N. Y„ 1944. 4 

75 Miller, F. A., and Wilkins, C. H„ Anal. Chem. 24, 1253, 1952. 

78 Lucchesi, C. A., Offic. Dig. Federation Soc. Paint Technology 30, 212, 1958. 
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Table 37-13 Qualitative Tests for Inorganic Pigments 


Tests and Results (Rotes Below Table ) 

4 Action of 4 \f HCI, first at room temp , then 
with moderate heating, and fmallv at boiling 
temp with 

1 Evolution of CO« (Note 1) 

2 Evolution of Hj (Note 2) 

3 Ev olution of HiS (Note 3) with the following 
observation 

a \\ hite substance stays white 
b Yellow substance becomes colorless, dis- 
solves complete!) or partially 
c A blue or violet coloi disappears (colorless 
residue, unless additional colored sub- 
stances are present) 

4 Evolution of HiSe (Note 3), the red sub- 
stance partial!) dissolving 

5 Evolution of Clj (Note 4) 

6 Substance dissolves completely or almost 
completely and solution thus obtained is 

a Colorless 
b Green 
c Yellow 

7 The substance does not dissolve or dissolves 
onlv partially, while 

a Liquid and residue both colorless 

b Liquid colorless, but residue colored or 
black 

c Liquid yellow or orange and residue color- 
less, colored, or black 

d Liquid green and residue blue or often a 
greenish brown 

B Action of 2 M HOAc, first at room temp , then 
with moderate heating, finally at boiling temp 
with 

1 Evolution of CO* (Note 1) 

2 Evolution of H»S (Note 2) 

3 Substance dissolves completely or at least 
targets, and the solution is 

a Colorless 

b Yellow or greenish y cllovv 
C Action of 4 M NaOH, first at room temp , then 
with moderate heating, finally at boiling temp 
with 

1 Evolution of Hj (Note 2) 

2 A blue or green pigment color disappears and 
turns into a brownish shade 


Pigments Present 

(Xos in Tables 37-1] (3 37-12) 


7, 13 
59, 60 


4 


23 


20 

42 

21, 22, 28, 31,32, 36, 37, 57 


3, 5, 7, 8, 9, 13, 17, 57, 59 60 

21,22,31,32 

24, 34, 39, 56 


1,2, 4, 6,10,11,12,14,15,16 
20 

18, 19, 29, 30, 53, 54, 55, 58 
25, 26, 35, 36, 37, 38, 40, 41 
28 


7, 13 
20 


3, 5, 7,13, 60 
22 


59, 60 


18, 28 
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Table 37-13. ( Continued ) 


Tests and Results ( Notes Below Table) 

3. A blue, green, or violet color, which does not 
disappear. 

4. Substance dissolves completely, and the solu- 
tion is: 

a. Colorless. 

b. Yellow. 

5. Substance does not dissolve or at least not 
completely, while: 

a. Liquid and residue both colorless. 

b. Liquid colorless but residue colored. 

c. Liquid colorless but residue gray or black 

d. Liquid yellow and residue brown. 

D. Some minutes boiling with 1 M Na 2 C 03 , cooling, 
and filtering. The filtrate is: 

1. Colorless or yellow; after adding HC1 and 
then BaCl 2 , white ppt. forms (Note 5). 

2. Colorless; after adding HNO 3 and then a 
little NH 4 OH or NH 4 NO 3 gives positive phos- 
phate test when heated with excess ammon- 
ium molybdate. 

3. Yellow; after adding H 2 S0 4 , then H 2 0 2 (3%) 
gives blue-violet color which soon turns green, 
particularly when hot (Note 6). 

4. Yellow; after adding HC1 and then Fe(III) or 
, or Fe(II) salts, gives a blue ppt., or at lower 

cone, only blue color (Note 7). 

E. After some minutes boiling with ammoniacal 
(NH 4 ) 2 C0 3 solution and cooling, followed by 
filtration, the filtrate is: 

1. Colorless and gives zinc test (Note 8). 

2. Yellow after reduction of the chromate gives a 
positive test for zinc (Note 9) . 


Pigments Present 

{Nos. in Tables 37-11 & 37-12) 


20, 30 


3, 5, 7, 8, 59, 60 
21, 22, 31, 32 


1, 2, 4, 6, 9, 10, 11, 12, 13, 14, 
15, 16, 17 

19, 20, 23, 24, 25,26,29, 30, 34, 
35, 36, 37, 38, 39, 40, 41, 42, 57 
53, 54, 55, 56, 58 
18, 28 


2, 4, 5, 8, 14, 17, 20, 21, 23, 28, 
31, 32, 41, 42 


55 

21, 22, 28, 31, 32 
18, 28 


3, 5 
22 


Note 1. Identified by turbidity which forms in Ba(OH) 2 solution on a glass rod. 

Note 2. Recognized by its combustibility. 

Note 3. Recognized by odor; identified by blackening of moistened Pb(OAc) 2 paper. 

Note 4. Recognized by odor; identified by blue color of moistened Kl-starch paper. 

Note 5. Precipitation or at least strong turbidity at boiling temperature. 

Note 6. This is a test for chromic acid ; test becomes more sensitive in presence of ether, in 
which blue perchromic acid readily dissolves on shaking. 

Note 7. This is a test for ferric ferrocyanide; in presence of large quantity of chromate, the 
latter must be reduced with an excess of a ferrous salt, since otherwise the soluble brown ferric 
fcrricyanide alone is formed. 

Note 8. A test for zinc is made by acidifying the ammoniacal filtrate with acetic acid, and 
then either adding H 2 S or potassium ferrocyanide. A white precipitate in either case indi- 
cates the presence of zinc. 

Note 9. The chromate is reduced by boiling with HC1 and alcohol. H 2 S or potassium 
errocyanide should then give a white precipitate if zinc is present. 
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IDENTIFICATION OF ORGANIC PIGMENTS 


SPOT TESTS 

Several schemes for the identification of organic pigments by means of spot tests 
have been proposed One such scheme 77 first divides the pigments into two 
groups— those soluble in chloroform and those insoluble in chloroform The spot 
test is then made on a spot plate by dissolving a small quantity of the unknown 
in concentrated sulfuric acid An observation of the color in sulfuric acid in a 
water dilution of the acid and in the water diluted portion made basic with 
ammonium hydroxide is made Comparison of these colors with those tabulated 
for known organic pigments and confirmatory tests, makes possible the identifies 
non of nearly all of the commonly used pigments A partial reproduction of this 
scheme is included in a recent book by Payne 78 

Gardner " 9 has included Henlein s scheme for the identification of color lakes 
and another method based on the work of Weiberg and Smith A book by Pratt 00 
is a thorough treatise on the chemistry and physics of organic pigments One 
chapter of this book is devoted to the identification of organic pigments 

INTRARED METHODS 

Infrared spectrophotometry is an especially powerful tool for identifying organic 
pigments The absorption spectra of 16 common organic pigments are given in 
reference 14 , the spectra of organic pigments also may be found in the Encyclo- 
pedia of Spectroscopy 19 

ANALYSIS OF WHITE AND TINTED PIGMENTS 
GENERAL 

It is possible by means of the qualitative tests given above to determine quite 
accurately which of the pigments are present in a mixture However, there are 
many times particularly with white pigments, when much time can be saved by 
proceeding directly with the quantitative analysis Since the majority of paints are 
pigmented with white or tinted pigments, the quantitative analysis of this class of 
pigments will be treated rather completely The outline of the general procedure 
used for the complete analysis of a white or tinted pigment will be discussed first 
vuL 'itva.'ifjL *jxn/ 2 uiiixfiR. tnc vtrj!. Wktby wntjiin/aiK % 'i.hji/t y.ynwi. will be 
given A flow sheet of the general procedure is shown in Fig 37 4 

7 - American Cyanamid Company, Identification of Pigments by Spot Testing Bujleli' 1 
2 5 12, American Cyanamid Co, Pigments Division, 30 Rockefeller Plaza, New lork a 
N \ . 1957 

8 Payne, H F , Organic Coating Technology, vol II, p 870, John Wiley and Sons, Inr 
New \ork N Y, 1961 

7 » Gardner, H A, and Sward, G G, Physical and Chemical Examination of lain« 
Varnishes, Lacqueis, and Colors, 11th Ed, p 564, Henry A Gardner Laboratory n 
Bethesda, Md , 1950 , 

8® Pratt, L S, Chemistry and Physics of Organic Pigments, John Wiley and Sons, i 
New lork, \ 1 , 1947 
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Al 

Fe 
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Al 

Fe 


-Solution 

Ca 


* Zn And Sb Are Determined On A Separate Sample 
Fig. 37.4. Flow Sheet for the Analysis ot White Pigments. 
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OUTLINE OF GENERAL PROCEDURE 
A white pigment is first treated with hydrochloric acid according to Procedure 
(I) below, and the pigment sample is thereby divided into two portions, a hydro- 
chloric acid-insoluble portion and a hydrochloric acid-soluble portion. The pres- 
ence or absence of a carbonate or sulfide pigment can be detected visually and 
by odor as the hydrochloric acid is added to the sample. If there is doubt about 
the identity of an evolved gas, the procedures given in the notes to Table 37-13 
can be used for confirmatory tests. The evolution of carbon dioxide indicates the 
presence of eidier or both basic lead carbonate or calcium carbonate. An evolution 
of sulfide indicates the presence of zinc sulfide, present probably as a component 
of lithopone. The acid-insoluble portion may contain titanium dioxide; barium 
sulfate from barytes or lithopone; silica from diatomaceous silica, quartz silica, or 
basic silicate white lead; and silicates from talc, mica, or clay. The acid-soluble 
portion may contain calcium from calcium sulfate or calcium carbonate; zinc from 
zinc sulfide, zinc oxide, or leaded zinc oxide; lead from basic carbonate white lead, 
basic sulfate white lead, basic silicate white lead, or leaded zinc oxide; antimony 
fiom antimony oxide; and aluminum primarily from clays. 

The acid-insoluble portion 'is analyzed -for titanium dioxide by Procedure (II). 
In almost all white pigments (except perhaps those from a white enamel) an 
insoluble residue will remain after treating the hydrochloric acid-insoluble portion 
with ammonium sulfate and sulfuric acid. This will contain the extender pig- 
ments, such as barium sulfate, silica, and silicates. During the course of this proce- 
dure it is frequently possible to detect the presence of barium sulfate, particularly 
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when it is present in rather large amounts Barium sulfate is soluble in the hot 
concentrated mixture of ammonium sulfate sulfuric acid Hov,e\er, upon coolm® 
and dilution with water the barium sulfate precipitates By obsemng the solu° 
non during the dilution one generally can see whether or not an appreciable 
amount of barium sulfate is present One of the most reliable ways to identifj 
the sulfuric acid insoluble (extender) fraction is from its infrared spectrum From 
the specuum barium sulfate ns well as any siliceous material present can be idcnti 
fttd When barium sulfate is found in the extender portion of the pigment it can 
be determined by Procedure (III) The silica and silicates are reported as the 
difference between the total sulfuric acid insoluble portion and the barium sulfate 
content 

The hydrochloric acid soluble portion will contain the ions of lend calcium 
some aluminum and iron zinc and antimony if pigments containing these elc 
merits were present in the separated pigment sample When lead is present u 
may be determined first on the filtrate from the hydrochloric acid treatment bi 
Procedure (I\) If necessary the soluble aluminum and iron may then be deter 
mined in the filtrate from die lead determination by Procedure (V) and finally 
the calcium is determined in the filtrate from the aluminum determination by 
Procedure (\ I) Often it is not necessary to know the acid soluble aluminum and 
iron content then calcium is determined on the filtrate from the lead deter 
mination 

The zinc and antimony contents of a white pigment are each determined on 
different samples of the separated pigment by Procedure (VII) and Procedure (\ III) 
respectn cly The sulfate content (Procedure (IX)) the carbonate content (Proce- 
dure (\)) and the ignition loss of the pigment (Procedure (XI)) are also deter 
mined on different samples of the separated pigment 


HYDROCHLORIC ACID INSOLUBLE 


The procedure gn en below is taken from Federal Test Method Standard Xo HI 
Method 5271 2 

Procedure (I) —Weigh to the nearest 0 1 mg about 1 g of the pigment into a 
2a0 ml beaker Moisten the pigment with a few drops of alcohol add 40 ml of 
1 1 hydrochloric acid coter with a watch glass and boil gently for 5 to 10 ra nutes. 
Rcraoie and wash off watch glass 

Etaporate contents of beaker to dryness This step and the following step may 
be omitted if soluble silicates are known to be absent 
Atm* st .riimv AK"£T /or uJ nr I Auxnr nr lAnVyuVaatr the ftsivflwr .Mjvavp .e.*dur 
with 4 ml of concentrated hydrochloric acid 
Dilute contents of beaker to 100 ml with Iiot water boil a few minutes filter 
into a 100 ml beaker and wash with 100 ml of hot water Sate filtrate if further 
analysis is desired 

Ignite paper and residue in a tared crucible Cool and weigh 
Calculation — 


Per Cent HC1 Insoluble — 


Weight of Residue X 1 00 
Weight of Pigment 


TITANIUM DIOXIDE 


There are two standard procedures for titanium dioxide in common use 
Jones Reductor method and the aluminum reduction method Both of these p 
cedurcs are incorporated into ASTM Method D1S94 56T The authors *' 
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found both procedures, as well as the peroxide colorimetric method, 81 to give accu- 
rate and reliable results. Because the aluminum reduction procedure is the most 
rapid and requires the least equipment, it is given below. 

Apparatus .— Delivery Tube, made of about 4-mm. inside diameter glass tubing 
bent so that there is a horizontal run of about 6 inches and a vertical drop of 
about 3 inches at one end, and a vertical drop of about 6 inches at the other end. 

Reagents. Ammonium Thiocyanate Indicator Solution.— Dissolve 24.5 g. of am- 
monium thiocyanate in 80 ml. of hot water, filter, bring to room temperature, and 
dilute to 100 ml. Keep in a well-stoppered, dark-colored bottle. 

Ferric Ammonium Sulfate Solution (1 ml. = 0.005 g. Titanium Dioxide). — Dis- 
solve 30.16 g. of fresh ferric ammonium sulfate (FeNH 4 (S0 4 ) 2 - 12H 2 0) in 800 ml. 
of water containing 15 ml. of sulfuric acid. Add 0.1 N potassium permanganate 
solution until a very slight pink color is obtained. Dilute to one liter and mix 
well. Filter, if cloudy. Standardize using 0.1900 to 0.2100 g. of N.B.S. standard 
sample No. 154 of titanium dioxide following procedure given below. 

Procedure (II ).— Transfer the hydrochloric acid-insoluble to a 500-ml. Erlenmeyer 
flask. Add 7 to 9 g. of ammonium sulfate and 20 ml. of concentrated sulfuric acid. 
Mix well, heat on a hot plate until fumes are evolved, and then over a direct flame 
until fumes become separate from the liquid portion. Cool and add 120 ml. water 
and 30 ml. concentrated hydrochloric acid. Bring to a boil and remove from heat. 

Insert the short end of the delivery tube into one hole of a two-hole rubber 
stopper suitable for the Erlenmeyer flask. Insert a glass rod with a slight hook or 
collar at the bottom end into the other hole of the stopper in such a way that the 
bottom end will be near the bottom of the flask when the stopper is inserted into 
the flask. Attach about 1 g. of aluminum foil to the bottom end of the rod by 
crumpling or coiling the foil around the rod. Insert the stopper carrying the rod 
with the foil and the delivery tube into the flask in such a way that the foil will be 
near the bottom of the flask at the same time that the long end of the delivery 
tube will be near the bottom of a 250-ml. beaker containing about 150 ml. of a 
saturated solution of sodium bicarbonate. 

As soon as the dissolution of aluminum slows down, heat the flask to gentle 
boiling until the solution of the aluminum is complete, without removing the 
delivery tube from the sodium bicarbonate solution. Cool to about G0°C. by par- 
tial immersion of the flask in cold water. The bicarbonate solution should siphon 
into the flask during this cooling, giving an atmosphere of carbon dioxide over the 
reduced titanium solution. Withdraw and wash down the stopper assembly with 
water. 

Add 2 ml- of ammonium thiocyanate indicator solution and titrate immediately 
with ferric ammonium sulfate solution to a straw-colored end point. 

Calculation.— 


Per Cent TiC >2 


A X B X 100 
S 


where A — ml. of ferric ammonium sulfate solution required for titration of sample, 

B — TiC >2 equivalent of the ferric ammonium sulfate solution in grams per ml., 
and 

S = weight of sample in grams. 

81 Snell, F. D., and Snell, C. T., Colorimetric Methods of Analysis, 3rd ed. vol II 
chapter 22, D. Van Nostrand Co., Princeton, N. J„ 1949. 



PAINT, VARNISH, AND LACQUER 1693 

iron determination (Procedure (V)) or for the calcium determination (Procedure 
(VI)). 

Boil the filter paper and precipitate with BO ml. of diluted nitric acid (1:3) until 
all of the lead sulfide has dissolved, filter, and wash thoroughly with hot water. 

To the filtrate add 10 ml. of sulfuric acid (1:1), evaporate until copious fumes of 
sulfuric acid are evolved. Cool, and add 75 ml. of distilled water and 75 ml. of 
ethyl alcohol (95%). 

Let stand about 1 hour, filter on a weighed Gooch crucible which has been pre- 
viously ignited. Wash with alcohol diluted with an equal volume of distilled 
water. Dry, ignite at 600°C., and weigh as lead sulfate. 

Calculation.— 

„ Wt. PbS0 4 X 0.6833 X 100 

Per Cent Pb = — : — : 

Wt. sample in grams 

ACID-SOLUBLE ALUMINUM AND IRON 

The amount of aluminum and iron present in white pigments is usually small; 
it would be unusual for the total oxide precipitate to account for more than 1 to 
2% of the total pigment. When acid-soluble aluminum is present in amounts con- 
siderably greater than this, it is probable that the pigment contains a clay extender. 
The iron present can be accounted for by impurities in the white pigments and by 
the use of iron-containing tinting pigments. 

It is generally sufficient to determine the total of the aluminum and the iron 
and report as R 2 0 3 . This can be done by precipitation as the hydroxide in the 
manner outlined below. This is a well-known method and is similar to that given 
in A.S.T.M. Method D7 18-45. 

Procedure (V ).—' The retained filtrate from the second paragraph of Procedure 
(IV) is used for this analysis. Boil the solution to remove the hydrogen sulfide. 
Add bromine water and continue the boiling to remove the bromine. Add methyl 
red indicator and make the solution basic with ammonium hydroxide. 

Filter, wash, ignite and weigh as the oxides of iron and aluminum. Save the 
filtrate for the determination of calcium. 

Calculation.— 


Per Cent R 2 O 3 


Wt. of ppt. X 1 00 
Wt. of sample 


ACID-SOLUBLE CALCIUM 

The acid-soluble calcium can be determined by a procedure based on A.S.T.M. 
Method D1394-56T which is outlined below. Alternately, the calcium can be deter- 
mined on the filtrate from the second paragraph of Procedure (IV) by a method 
involving the use of EDTA. Zinc, if present, is complexed with potassium cyanide 
before titration with EDTA to the murexide end point. The details of this proce- 
dure are given in a recent book by Welcher . 82 

Procedure (VI ).— The retained filtrate from the second paragraph of either Pro- 
cedure (IV) or (V) is used for this determination. 

Neutralize the solution with ammonium hydroxide or hydrochloric acid. Add 

Welcher, l. J., The Analytical Uses of Ethyienediaminetetraaceticacid, p. 103, D. Van 
Nostrand Co., Princeton, N. J., 1958. 
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10 ml in excess of ammonium hydroxide and pass hydrogen sulfide into the solu 
tion for 10 minutes Let settle and filter into a 600 ml beaker 

Acidify and boil the filtrate to remote the hydrogen sulfide Add bromine water 
and boil to remote bromine 

Dilute to 200 ml, neutralize with ammonium hydroxide and add 5 ml m excess. 
Slots 1) add 16 ml of saturated ammonium oxalate solution, boil for 5 minutes and 
keep warm for 1 hour 

Filter and wash the precipitate well with hot water Place a beaker under the 
filtering funnel and pierce the filter paper Wash the precipitate into the beaker 
with a stream of hot water and then with 40 ml of sulfuric acid (1 4) Save the 
paper 

Dilute the solution to 200 ml , heat to 90®C and titrate with 0 1 N potassium 
permanganate After the end point is reached place the filter paper into the 
solution and titrate to the end point again to make certain all the oxalate was 
removed from the paper 

Calculation — 


Per Cent Ca as CaCO s 


Ml KMnQ 4 X N X 0 0500 X 100 
Weight of sample 


TOTAL ZINC 

Total zinc can be determined by following one of the procedures given in 
ASTM Method D34 56T However, the authors have found the EDTA proce 
dure given below to be as accurate and more rapid and convenient than the 
ASTM procedure This method is based on the published work of Swann and 
Adams 83 and on a modification suggested by Swann in a private communication 
The EDTA method is based on the reaction of ED FA disodium etnylenedi 
ammetetraacetate, with the zinc ion in solution The pigment is shaken with an 
ammomacal ammonium chloride solution Zinc pigments with the exception ot 
zinc sulfide are soluble in this solution The only other pigments soluble in die 
solution are certain chromate pigments (which do not interfere) and calcium sul 
fate If calcium sulfate is present, the calcium is precipitated as the phosphate 
The solution is filtered, and the filtrate is titrated with EDTA If zinc sulfide is 
present, the pigment is first boiled with hydrochloric acid Phosphoric acid is 
added concentrated ammonium hydroxide is added to make the solution alkaline 
followed by the ammomacal ammonium chloride solution All interfering cations 
are precipitated by the resulting mixture The solution is filtered, and the filtrate 
is titrated with EDTA 

Reagents. Buffer Solution— Add 350 ml of ammonium hydroxide (sp gr 090) 
to 54 g of ammonium chloride and dilute to one liter with water 
EDTA, Standard Solution (0 1 M) —Weigh 37 225 g of disodium ethjlenedi 
ammetetraacetate, dissolve in water and dilute to 1 liter Store the solution in 
a polyethylene or borosdicate glass bottle 
Indicator Mixture.— Mix and grind together 0 2 g of Eriochrorne Black T an 
100 g of sodium chloride and store m a tightly stoppered bottle 
Standardization of EDTA —Weigh to the nearest 0 1 mg triplicate samples o 
approximately 15Q mg of pure zinc metal and transfer to 400 ml beakers A 
20 ml of hydrochloric acid (1.3), cover with watch glass, and warm until zinc » 
completely dissolved Dilute to 200 ml , and neutralize with ammonium hydroxi e 

*3 Swann, M H, and Adams, M L , Anal Chem 27, 2005 1955 
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(1:3). A small piece of litmus paper will serve as an indicator. Add 10 ml. of 
buffer solution, approximately 0.2 g. of indicator mixture and titrate with the 
EDTA solution to a clear blue color. 

Calculate the molarity of the EDTA solution with the equation: 

Molarity of EDTA Solution = ML ^tI X^.SS ' 

Procedure (VII)-A (Zinc Sulfide Absent ).— Weigh a sample size sufficient to con- 
tain the equivalent of about 150 mg. of zinc and transfer to a 250-ml. Erlenmeyer 
flask having a 24/40 ground joint. 

When calcium sulfate is present add 2 g. of disodium hydrogen phosphate. Add 
25 ml. of the buffer solution, stopper the flask, swirl and shake frequently for 
15 minutes. 

Filter into a 400-ml. beaker. Wash the residue thoroughly with at least 200 ml. 
of a solution containing 250 ml. of the buffer solution and 10 g. of disodium 
hydrogen phosphate per liter (when calcium sulfate is absent, the phosphate can 
be eliminated from the wash water). 

Add about 0.2 g. of indicator mixture to the clear solution and titrate with the 
standard EDTA solution to a clear blue color. 

Calculate the zinc content. 

Procedure (VIl)-B ( Zinc Sulfide Present).— Weigh a sample size sufficient to con- 
tain the equivalent of about 150 nig. of zinc into a 250-ml. beaker. Add 25 ml. 
of hydrochloric acid (1:1), heat 30 minutes on a hot plate, and finally boil without 
cover for a few minutes to expel the hydrogen sulfide. 

Cool and add in order, 2 ml. of 85% phosphoric acid, 35 ml. of concentrated 
ammonium hydroxide (slowly), and 25 ml. of the buffer solution. The resulting 
mixture should be alkaline (pH about 10). 

Filter the solution into a 400-ml. beaker and wash with about 200 ml. of a 
solution containing 250 ml. of the buffer solution and 10 g. of disodium hydrogen 
phosphate per liter. 

Titrate as above and calculate zinc content. 

Calculation.— 

T, ^ ^ AY. M Y. 81.38 „ „ . „ „ AX MX 97.44 

Per Cent ZnO = — Per Cent ZnS = • 

W W 

where A = ml. of EDTA used for titration of sample, 

M = molarity of EDTA, and 
W = weight of pigment sample in milligrams. 

ANTIMONY OXIDE 

The following method for antimony oxide was taken from Federal Specification 
AN-TT-A 566 F4a, July 26, 1941. 

Procedure (VIII ).— Weigh to the nearest 0.1 mg. about 1 g. of the pigment into 
a 500-ml. Erlenmeyer flask. 

Add 15 ml. distilled water and 25 ml. concentrated hydrochloric acid, cover with 
a watch glass and heat in a steam bath for 15 minutes. 

Dilute to 250 ml. with distilled water, add 15 ml. sulfuric acid and boil for two 
minutes. 
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Cool to 5 to IO°C and titrate with 01 N potassium permanganate to a pml 
color which persists for 5 seconds 
Calculation — 


Per Cent SbsOs 


Ml KMnOj X iVXO 07289 X 100 
Wt of sample in grams 


TOTAL SULFATE 

hither lead suliate or calcium sulfate can be a source of acid soluble sulfate 
The method for total sulfate abstracted below is from Federal Test Method 
Standard No 141 Method 70ol A similar method is given in ASTM Method 
D1301 55 

Procedure (IX) —Weigh to the nearest 0 1 mg about 1 g of the pigment into 
a 400 ml beaker Moisten with a few drops of alcohol add 10 ml of bromine 
water 10 ml of hydrochloric acid and 3 g of ammonium chloride 

Cover with a watch glass and heat in a steam bath for 5 minutes Dilute to 
200 ml with hot distilled water Boil for 5 minutes and filter through filter paper 
Wash thoroughly with hot water 

Neutralize the clear filtrate in a covered beaker with sodium carbonate Add 
1 g more of sodium carbonate and boil for 10 to 15 minutes Wash off cover let 
settle filter and wash with hot water containing some of the sodium carbonate 
Redissolve the precipitate in hydrochloric acid (1 1) reprecipnate with sodum 
carbonate as above Filter and wash thoroughly with hot water containing some 
of the sodium carbonate 

\cidify the combined filtrates with hydrochloric acid adding about 1 ml in 
excess Boil to expel all bromine and carbon dioxide from the solution To the 
clear boiling solution add slowly while stirring 15 ml of 10% barium chloride 
solution Let stand on a steam bath for 1 hour or preferably overnight 

Filter on a weighed Gooch crucible previously prepared in the usual manner 
wash thoroughly with boiling water, dry ignite cool in a desiccator and weigh as 
barium sulfate 
Calculation — 


Per Cent Sulfate as BaSO, = Wl Ppt _X log 
W t of sample 

I his is converted to the proper sulfate by an appropriate factor 
TOTAL CARBONATE 

The source of carbonate in the pigment can be either calcium carbonate or lead 
carbonate or both The procedure abstracted below is taken from ASTM 
Method D1301 55 and can be used to determine the total carbon dioxide evolved 
from the carbonates present 

Procedure (X) — Weigh to the nearest 01 mg about 2 g of the pigment an 
transfer to a clean dry Knorr type carbon dioxide evolution flask Connect the 
evolution flask to an absorption tram (see Note) which has been previously flushe 
free of carbon dioxide 

Add 100 ml of nitric acid (1 19) through a separatory funnel When all of l e 
nitric acid has been introduced into the flask close the stopcock of the funne 
Heat the solution in the flask to gentle boiling and boil for 5 minutes Turn o 
the heat and aspirate carbon dioxide free air through the system for 20 minutes 
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Remove the absorbing tube from the system, seal, cool in a desiccator and weigh. 
The increase in weight is carbon dioxide. 

Calculation.— 


Per Cent CO2 


Wt, CP 2 X 100 

Wt. of sample 


Note.— A description of a suitable absorption train is given in section 18 of A.S.T.M. 
Designation C25-47, Standard Methods of Chemical Analysis of Limestone, Quicklime and 
Hydrated Lime. 


IGNITION LOSS 

The ignition loss determination can occasionally be of value as a rough measure 
of the organic matter adhering to the pigment. However, when pigments are 
present which lose weight when ignited this determination has little meaning. A 
commonly used procedure (given below) is taken from A.S.T.M. Method D717-45. 

Procedure (XI ).— Weigh to the nearest 0.1 mg. about 1 g. of the pigment into a 
porcelain crucible which has been previously ignited, cooled in a desiccator, and 
weighed. Ignite for about 20 minutes at 900-1000°C. in a muffle furnace. Remove, 
cool in a desiccator and weigh. 

Heat again for 5 minutes to check the loss in weight. 

Calculation.— 


Per Cent Ignition Loss = 


Loss in wt. X 100 
Wt. of sample 


CALCULATIONS 

It is not expected that the total of the results of the analysis of the separated 
pigment sample will add up to 100%. It is assumed that the principal object of 
the pigment analysis is not to make a complete analyses of all elements present 
but to ascertain as nearly as possible die probable pigmentation of the formula. 

By combining the results of the analysis with a knowledge of the chemical con- 
stituents of the pigments as shown in Tables 37-11 and 37-12 together with the 
information given in Fig. 37-4, it generally is possible to obtain a fairly accurate 
estimation of the pigment present. 


ANALYSIS OF COLORED PIGMENTS 


GENERAL 

Colored pigments are all those pigments listed in Table 37-12 outside of the 
black and miscellaneous pigments which will be discussed later. Colored pigments 
can be used as tinting colors in mixtures of white pigments, in which case diey 
represent a small percentage of the total, usually of the order of 1 or 2%. In odier 
paints the colored pigments may constitute nearly all the pigment and may be 
tinted with a small amount of white pigment. In many cases of colored pigments, 
particularly in the case of organic colors, it will be found that only one pigment 
is present. It also must be recognized that colored pigments may be present with 
or without extender pigments. 

From the color and use of a coating, an experienced analytical paint chemist 
generally can judge which pigments are likely to be present in the coating. The 
inexperienced analyst must, decide which pigments are present by the use of the 
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qualitative chemical scheme given in Table 37 13 or by a spectroscopic method 
X ray and optical spectrography can be used to detect and determine the elements 
present Infrared absorption spectroscopy 14 15 and x ray diffraction can be used 
to identify which ions, ion combinations, and crystalline forms are present Once 
it has been decided which pigment or pigments are present, the analyst must devise 
a general procedure for analyzing the pigment sample In this section procedures 
are given for pure pigments and these procedures should fit into a general 
scheme devised for a particular sample Most of the procedures are taken from 
A S T M or Federal Test Methods Standards and almost always strictly apply 
only to pigments as raw materials The authors have found that in general the<e 
procedures also apply to the separated pigment portion of a paint except that a 
given determination on a separated pigment will give a lower result than on the 
same pigment as a raw material This is due to adsorbed vehicle in the separated 
pigment sample Very useful information on the analysis of pigments may be 
found tn chapters 27, 28 and 29 of rcfeience * 4 

YELLOW, OR Ah GE, RED, AhD DROWN PIGMENTS CONTAINING IROh 
I he presence of iron in a significant amount indicates that one or more of the 
following pigments is present pure yellow iron oxide, pure red iron oxide, pure 
brown iron oxide metallic brown, red iron oxide, Venetian Red, raw sienna burnt 
sienna raw umber burnt umber, and yellow ochre Deciding which of these pig 
ments is present may not always be possible, however The usual practice is to 
canry out as many of the procedures given below as seems necessary From ihee 
results and from a knowledge of the average composition of the various iron 
containing pigments as shown in Table 37 12. it is possible to estimate the type 
and quantity of pigment present 

Probably the most common type of iron pigments are the pure oxides which 
with the exception of pure yellow oxide, contain approximately 98% Fe 2 0 3 The 
pure yellow oxide, because the iron is in the hydrated form, has an iron oxide 
content of approximately 86% Since the metallic brown and red iron oxide are 
ground natural pigments, a considerable range of composition is possible When 
calcium sulfate and iron oxide are present in. the proportion of 60 to 40 the 
presence of Venetian Red is quite likely 

The siennas and umbers are earth colors used primarily for tinting purposes 
When a significant amount of manganese is found the presence of raw or burnt 
umber is indicated 

The following A S T M procedures may be helpful in analyzing the pigments in 
this group total iron oxide, A STM Method D50 50, Sec 9 1 10 acid soluble 
calcium, A S T M Method D50 50, Sec 1 1 & 12, sulfate soluble in hydrochloric acid 
A STM Method D50 50, Sec 13 SL 14, and manganese, A STM Method D50-o0 
Sec 17 & 18 

CHROME YELLOW, CHROME ORANGE, AND MOLYBDATE ORANGE 

Methods for the analysis of pigments m this group can be found tn A STM 
Method D126 50T. Of the determinations presented m D126 50T, the ones of nwjj 
importance are those for lead chromate, total lead, and molybdenum. Throug 
these determinations and a knowledge of the likely composition of the various 
pigments, it is possible to roughly approximate the total amount of these pigments 
present. Although the chrome yellows are essentially lead chromate, the ligu [ 
shades contain a considerable amount of lead sulfate When the pigment is know 0 
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to be a chrome yellow, the amount of chromium found is calculated as PbCr0 4 . 
The amount of lead found in excess of that necessary for the PbCr0 4 is calculated 
as PbS0 4 , and the total is reported as chrome yellow pigment. 

Chrome orange is primarily basic lead chromate. Molybdate oranges are mix- 
tures of lead chromate, lead sulfate, and lead molybdate in various proportions 
depending on the color. 

It is altogether likely that a given pigment will contain mixtures of these pig- 
ments. When this is the case, it is only possible to estimate the amounts of the 
component pigments by determining the lead, chromium, molybdenum and sulfate 
contents of the total pigment. 

CHROME GREEN 

The chrome greens are coprecipitates or mixtures of chrome yellow and iron 
blue and vary in color from light yellow-green to deep blue-green. The amount 
of iron blue in the pigment, of course, increases with the depth of color. When 
chrome green is present in a pigment, some of the iron blue is lost in the pigment 
washes. The amount so lost can be estimated by an iron determination on the 
washes. This can be done by evaporating the solvent and igniting the remainder 
to Fe o 0 3 . The iron in this ash can be determined by a standard method. 

Methods for the analysis of chrome green can be found in A.S.T.M. Method 
D126-50T, sections 22-34. In addition, the amount of iron blue present can be 
estimated by an iron determination. In determining the iron content of chrome 
green or iron blue, it is necessary to first ignite the pigment so that the iron will 
become soluble in hydrochloric acid. By multiplying the percentage of iron found 
by 2.8, the approximate amount of iron blue can be calculated. 

CHROMIUM OXIDE 

The chromium in chromium oxide green (Cr 2 O s ) can be determined by the 
procedure given in A.S.T.M. Method D126-50T, section 38. With the appropriate 
factor the amount of chrome oxide green in the pigment can be calculated. 

ZINC YELLOW 

Zinc yellow is used primarily in corrosion-inhibiting metal primers. Methods for 
the analysis of zinc yellow are given in A.S.T.M. Method D444-51. 

Zinc oxide is often present in combination with zinc yellow. By following the 
procedure given for the determination of zinc in zinc oxide, the zinc present in 
zinc yellow will be included. However, from the amount of chromium found the 
percentage of zinc yellow present can be calculated. The amount of zinc present 
in this percentage of zinc yellow can be subtracted from the total zinc found and 
the difference calculated to “free” zinc oxide. 

IRON BLUE AND ULTRAMARINE BLUE 

Iron blue pigments are also called “Prussian Blue,” Milori Blue, and “Chinese 
Blue," terms which are significant only insofar as the tint of the blue is concerned. 
I he loss of iron blue in the pigment washes and means for accounting for it have 
been given above, under Chrome Green. The testing of iron blue as a raw material 
is given in A.S.T.M. Method D1135-50T, sections 4 to 18. When no other iron- 
containing pigment is present, the amount of iron blue in pigment mixtures can be 
estimated by making an iron determination and multiplying the percentage of iron 
found by 2.8. 
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of the residue in the crucible as percentage of insoluble mineral matter in the 
pigment. 

BONE BLACK 

Bone black is one of the least frequently encountered pigments shown on the 
list. The amount present can be estimated through determinations for calcium 
and phosphate by standard methods. Since calcium can also be present in several 
other pigments, usually a more reliable estimate of the amount of bone black 
present can be obtained through a phosphate determination. 

BLACK IRON OXIDE 

The amount of black iron oxide in a pigment can be estimated by means of an 
iron determination and calculation to Fe 3 0 4 . This method obviously fails when 
other iron-containing pigments are present. Black iron oxide is encountered only 
infrequently in pigments, and then it usually is not present in a mixture with 
other iron pigments. 

OTHER PIGMENTS 

RED LEAD 

Red lead is used almost exclusively in corrosion inhibiting primers for iron and 
steel. It can be used either by itself or in combination -with other pigments such 
as zinc chromate or iron oxide. Methods for the analysis of red lead pigments 
can be found in Federal Test Method Standard No. 141, Method 7071 or in 
A.S.T.M. Method D49-44. 

Two methods for the determination of true red lead content of red lead pig- 
ments have been found useful in the authors’ laboratory; these are similar to the 
Federal and A.S.T.M. procedures but contain some helpful modifications. Proce- 
dure A given below is useful for pure red lead or for red lead pigment mixtures 
which contain no dark pigments and should be used in appropriate cases because 
it is the simpler procedure. When dark pigments, such as carbon black or lamp- 
black, are present Procedure B must be used. 

Reagents. Red Lead Solution.— Dissolve, in a large beaker, 600 g. of sodium 
acetate and 48 g. of potassium iodide in about 500 ml. of an acetic acid solution 
(150 ml. of glacial acetic acid and 450 ml. of water). Warm the beaker and contents 
on a steam bath, stirring occasionally, until a clear solution is obtained. Cool to 
room temperature and dilute to 1.00 liter with the acetic acid solution, and mix 
thoroughly. 

Procedure A ( Dark Pigments Absent).— Weigh 1 g. of sample to the nearest 0.1 
mg. and brush into a glass mortar. 

Add 10 ml. of a mixture of 3 ml. of glacial acetic acid and 7 ml. of methanol. 
Do not allow pigment to remain in contact with methanol for more than a few 
minutes. Then add quickly from a graduate 50 ml. of the red lead solution and 
30 ml. of water containing 5 or 6 g. of sodium acetate. 

1 itrate at once with 0.1 N sodium thiosulphate solution, keeping the liquid 
constantly in motion by stirring with the pestle (Note 1). When the solution 
becomes light yellow, rub any undissolved particles until free iodine no longer 
forms. 

Add thiosulphate again until the solution becomes light yellow. 



1702 PAINT, VARNISH, AND LACQUER 

Add starch solution and titrate with the thiosulphate solution to the disappear 
a nee of the blue color 

Repeat the procedure with no pigment present This blank should be deter 
mined once each week due to slow liberation of iodine from red lead solution 
Procedure B (Dark Pigments Are Present ) — \\ eigh to the nearest 0 1 m» a 
sample of pigment that will contain about 05 g of ted lead into a 250 ml beaker 
Wet the sample with a small amount of methanol and immediately add 50 ml 
of the red lead solution Quickly add 20 ml of 0 1 N thiosulphate solution 
Warm at 40-50 C for 10 minutes mixing and dispersing the sample \ery thor 
oughly during that period 

Filter the solution (Note 2) and wash well with warm (not hot) water into a 
400 ml beaker 

Cool add one dropper full of starch solution, and titrate excess thiosulphate 
with 0 1 A iodine solution to the appearance of the blue starch iodine end point 
Repeat this procedure with no pigment present (blank determination) 

Note I— The necessity for rapid work at the time the iodine concentration is high 
especially on hot days cannot be stressed too strongly 

Note 2 — Munktell No i filter paper in a full stemmed funnel is satisfactory 

Calculation —For Procedure A 

D „ Du _ (A - B) X N X 0 3428 X 100 
Per Cent Pb 3 0 4 = — 

yvhere A = ml of NajSjOa solution required for titration of sample, 

B = ml of Na 2 S20a solution required for titration of blank, 

N = normality of Na^SjOa solution, and 
IF = yy eight of sample taken in grams 
For Procedure B 


Per Cent Pb 3 0 4 


(D - E) X C X N X 0 3428 X 100 
DX IF 


where C — ml of Na2Si0 3 used for blank and sample, 

D = ml of iodine solution required for titration of blank, and 
E = ml of iodine solution required for titration of sample 

GRAPHITE 

Graphite is a gray black pigment yvith a lustrous appearance It is not listed 
among the black pigments because it is not used for its color sal ue but for the 
mechanical and chemical properties it imparts to paints Methods for the analysis 
of pigments extracted from graphite paints may be found in Federal Test Method 
Standard No 141, Method 7321 


ALUMINUM 

Generally it is sufficient for the analyst to estimate the amount of aluminum 
pigment present by means of a determination for total aluminum This can 
done by a method most consenient for the particular laboratory 


Methods for the analysis of zinc dust are to be found m Federal Test 
Standard No 141, Method 7221 or m A STM Method D521 50T These methocu 
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are for the analysis of zinc dust as a raw material. Modifications of these methods 
may be necessary for pigments extracted from paints. Other means for the deter- 
mination of zinc may also be more convenient for the individual laboratory. 


IDENTIFICATION AND ANALYSIS OF THE THINNER 


The definition of the thinner portion of a paint as used in this chapter is taken 
from A.S.T.M. Method D 16-59 which states that a thinner is “the portion of a 
paint, varnish, lacquer, or printing ink, or related product that volatilizes during 
the drying process.” As described earlier, the thinner portion of a coating is either 
water or an organic solvent. When the thinner is known to be water, as is the case 
in the latex paints, all that is necessary is to determine the amount of water in 
the total coating by the procedure given on page 1619. When the thinner is an 
organic solvent, an analysis is made on the thinner isolated from the total coating 
by the procedure given on page 1623. 

Reference has been made to publications in which binders were classified and 
identified by means of solubility tests (page 1639). While this method of identifica- 
tion of resins has its limitations, it is nevertheless very useful upon occasion. 
Conversely, when the binder portion of the vehicle has been identified, the types 
of solvents present can usually be predicted. The types of solvents in general use 
by the coating industry are outlined in Chapter 6 of reference 84 . 

Some examples of commonly used solvents classified according to chemical types 
are given in Table 37-14. A more complete list of the solvents used by the paint 
industry is given in the solvents section of die Raw Material Index. 72 It must be 
understood that these solvents are not chemically pure materials. For instance 
VM&P naphtha and mineral spirits are listed as aliphatic materials although con- 
siderable amounts of aromatic and naphthenic hydrocarbons are present. Because 
of their low cost, the hydrocarbons are used whenever their solvent power is suf- 
ficient for die intended purpose. Most paint and varnishes contain hydrocarbons 
as their main or sole solvent. In addition, the hydrocarbons are used as diluents 
in lacquer formulations. The oxygenated solvents, being polar compounds, are 
better solvents for the more polar film-forming materials, such as the cellulosics, 
urea- and melamine-formaldehyde resins, acrylic resins and vinyls. The solvents 
listed under “other types” are encountered infrequently, principally because of 
their high cost. 

The identification and analysis of solvents by chemical methods has been de- 
scribed in considerable detail by Kappelmeier. 85 Snell and Biffin 74 and Hanson 5 
likewise have presented methods for the, qualitative and quantitative analysis of 
solvents by non-instrumental methods. However, in the author’s laboratory, the 
analysis of solvents is performed with the aid of infrared spectrophotometry and 
gas chromatography. The general composition of the thinner is ascertained from 
its infrared spectrum, and when necessary, a more detailed analysis is obtained by 
subjecting die diinner to gas chromatography. 86 - 87 The infrared spectra of 22 


64 Payne, H. F„ Organic Coatings Technology, Vol. I, Chapter 6, John Wiley and Sons, 
Inc., New York, N. Y., 1954. 

S5 Kappelmeier, C. P. A., op. cit., p. 231. 

86 Esposito, G. G., The Application of Temperature Programmed Gas Chromatography 
to the Analysis of Lacquer Solvents and Thinners, U. S. Dept, of Commerce, O.T.S Dent 
CCL97, Oct. 7, 1960. r 

S7 Crippen, R. C., and Emmerling, J., Offic. Dig. Federation Soc. Paint Technology, 32, 
1517, 1960. 
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Table 37 14 Thinner* Used in Solvent Coatings 


HYDROCARBON SOLVENTS 


Aliphatic 
Miner ii Spirits 
\ M&.P Naphtha 
Hexane 

C 8 Hydrocarbon Solvent 
Naphthenic 
Cvclohcxanc 


Aromatic 

Toluene 

Xylene 

High I lash Naphtha 
High Solvency Naphtha 


ONYCENATED SOLVENTS 


Alcohols 
Methyl Alcohol 
Ethyl Alcohol 
Isopropvl \lcohol 
n Butv I Alcohol 
Isooctvl Alcohol 
Esters 

Ethvl \cetate 
Isopropvl \cetate 
n Botvl \cetate 
see Amvl \cctate 
Mcthvlaim! \cetatc 
Ether Alcohol Ester 
Ccllosolve Acetate * 

Butyl Ccllosolve Acetate * 


Ether Alcohol 
Methyl Cellosolve * 
Ccllosolve * 

Butyl Cellosolve * 
Carbitol * 

Butvl Carbitol * 
Ketones 
Acetone 

Cyclohexanone 
Isophorone 
Methyl Ethvl Ketone 
Methyl Jsobutyl Ketone 
Methyl Isoimvl Ketone 
Ethyl Amyl Ketone 
Furans 

Tctrahydrofuran 


OTHER SOLVENT TYPES 


Chlorinated Hydrocarbons 
Methylene Chloride 
Pcrchlorocthylcnc 


Others 

2 Nitropropane 
Dimethy Iformamide 


* Registered Trademark Un on Carbide Corporation 


thinner materials may be found in the Encyclopedia of Spectroscopy 15 Similar 
spcctn also may be found m reference ** 


EXAMPLE Of COMPLETE ANALYSIS OF A SURFACE COATING 


GENERAL 

This section is included in order to illustrate how die information in this chapter 
miy be used to analyze a paint product It is assumed that a can containing a 
coating was received with a request for a complete analysis The steps which were 
taken in the analysis of this unknown are given below along with the Sections m 
which the appropriate procedures can be found 
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ANALYSIS 

Preliminary Inspection ( Page 1617 ). — The label stated that the coating was a flat 
white baking enamel” for general industrial use; no label analysis was given. From 
its odor, it was obvious that the sample was a solvent type coating. 

Determination of the Nonvolatile Matter ( Page 1618 ).— The nonvolatile matter 
of the total paint was found to be 59.3%. 

Separations ( Page 1621 ).— The following separations gave the results indicated: 

Test Result 

Determination and Separation of Pigment 38.6% 

Isolation of Vehicle by Supercentrifuge - — • 

Isolation of Thinner by Vacuum Stripping — 

Isolation of Binder by Supercentrifuge — 

Calculation of Primary Composition ( Page 1625 ).— From the percentage of non- 
volatile matter and the percentage of pigment obtained above, the primary com- 
position of the total paint was calculated to be: 

38.6% Pigment 

20.7 Binder 

40.7 Thinner 


100.0% Total 

Identification of the Binder ( Page 1627 ).— The isolated binder was identified by 
infrared and chemical methods. By following the infrared scheme given in Table 
37-1, the presence of an alkyd resin and a melamine resin was indicated. By com- 
paring the spectrum of the binder with Spectra Nos. 1 and 5 of the section on Infra- 
red Spectra, the presence of an alkyd-melamine mixture was fairly well established. 
Qualitative and spot tests given in Table 37-3 were applied and positive tests for 
nitrogen, formaldehyde, o-phthalate, and melamine were obtained. Other spot 
tests gave negative results, thus corroborating the infrared data. 

Analysis of the Vehicle ( Page 1641 ).— Having established that the binder was a 
melamine-alkyd blend, the isolated vehicle was analyzed according to the proce- 
dures on page 1663. From the infrared spectrum of the binder, the melamine- 
formaldehyde resin content was calculated to be 33% and the alkyd resin content 
67% by the method referred to on page 1663. A value of 33% melamine also was 
obtained by determining the nitrogen content of the vehicle by the procedure 
given on page 1663. The melamine content could have been obtained by the acid 
hydrolysis procedure given on page 1665. The total vehicle was then saponified by 
the methods given on page 1664 and the following results were obtained: 


Alkyd Fraction 


Identification 

Dicarboxylic Acids 

' 40.8% 

o-Phthalic 

Oil Acids 

41.7 

Dehydrated Castor Type 

Polyhydric Alcohol 

24.1 

Glycerol 

Total Uncombined 
Water Loss 

106.6% 

7.5 

99.1% 
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analysis, the titanium pigment is obtained by dividing the "free” TiO, by 
0.98; thus, 41.1/0.98 = 41.9% titanium pigment. 

4. Again as shown in Table 37-11, barium sulfate pigments, such as Barytes, con- 
tain 98% BaS0 4 ; thus, 23.0/0.98 = 23.5% Barytes. 

5. Commercial silicates, such as Talc, are generally assumed to be 85% hydro- 
chloric acid insoluble; thus, 16.1/0.85 = 18.9% Talc. 

6. Thus, the most probable composition is as follows: 


Pigment Component 

Titanium-Calcium Pigment 
Titanium Pigment 
Barytes 
Talc 


Calculated Result 

Normalized Result 

15.3% 

15.3% 

41.9 

42.1 

23.5 

23.6 

18.9 

19.0 

99.6% 

100.0% 


Analysis of the Thinner ( Page 1703).— The solvent was examined by infrared 
spectrophotometry and analyzed by gas chromatography. The following composi- 
tion was obtained: 


C-8 Hydrocarbons 

47% 

Xylenes 

43 

Butanol 

10 


100 % 


PRESENTATION OF THE DATA 

The composition of the flat white baking enamel may be reported as follows: 

38.6% Pigment 


Titanium Dioxide Pigment 

42.1% 

Titanium-Calcium Pigment 

15.3 

Barytes 

23.6 

Talc 

19.0 

Binder 

100.0% 


Melamine Formaldehyde Resin 33% 
Alkyd Resin * 67 


1 ° 0 % 

40.7% Thinner 


100.0% C-8 Hydrocarbons 47% 

Xylene 43 

Butanol 10 


Composition of Alkyd Resin. 


100 % 
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Uncombintd 

Phthalic Anhydride 

41 2% 

Combined 

Glyceryl Phthalate 

557% 

Dehydrated Castor Oil Acids 

42 1 

Dehydrated Castor Oil 

44 3 

Glycerol 

24 2 



Water Loss 

107 5 

7 5 


1000% 


100 0 % 

INFRARED SPECTRA 

Included in this section are thirty nine infrared absorption spectra useful m the 
analvsis of paint varnish and lacquer 
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Spectrum No 1. Linseed Glyceryl Phthalate (Film). 
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Spectrum No. 2. Styrenated Soyo Tung Glyceryl Phthalate (Film). 


FREQUENCY (CM 1 ) 

5000 4000 3000 2500 2000 1800 1600 WOO 1200 


1000 950 900 850 ! 


_ ■uri^HMisiEsissiEiiuaFl 

R»»H»!K|i|SRI31HUBtW»III!iUlllll55zisSEEiiiiii^^| 


1 2 3 4 5 6 7 8 9 10 11 12 13 W 15 

WAVELENGTH (MICRONS) 

Spectrum No. 3. Vinyl Toluenated Soya Tung Glyceryl Phthalate (Film). 









Spectrum No. 8. Linseed Oil, Raw (Liquid). 
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Spectrum No. 19. Bisphenol Type Epoxide with Epoxide Equivalent of 200 
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Spectrum No. 20. Bisphenol Typd Epoxide with Epoxide Equivalent of 500. 
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Spectrum No. 21. Epoxide Ester of Castor Oil (Film). 
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Spectrum No 22 Cellulose Nitrate (Film) 
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FREQUENCY {CM') 
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Spectrum No. 31. Poly(M ethyl Mcthacr)late), Fhthalate Ester Plasticized (Film). 


FREQUENCY (CM') 



WAVELENGTH (MICRONS) 


Spectrum No. 33. Di(2-eth}lhe\)l) Fhthalate (Liquid). 
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Spectrum No. 38. Styrene- Acrylonitrile-Acrylate Terpolymer (Film on AgCl). 
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Spectrum No. 39. Poly(Vinyl Acetate) (Film on AgCl). 
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WATER SOLUBILITY OF WOOD 12 

The water solubility of wood is usually determined after extraction with organic 
solvents, such as alcohol or alcohol-benzene. The extract includes organic salts, 
sugars, cyclitols, gums, pectin-like materials, and galactans and, if not previously 
extracted with alcohol, a portion of the tannins and pigments in the wood. Hot 
water hydrolyzes polysaccharidic and some other components, and increases their 
solubility. This method is standardized as ASTM 1)1110 and TAPPI T 1 m-59. 

Apparatus. For Cold-Water Solubility.-Beaker, 400-ml., and stirring rod. 

For Hot-Water Solubility.— Erlenmeyer flask, 200-ml., with reflux condenser, and 
boiling water bath with its level maintained constant at above the 100-mi. level 
in the flask. 

Filtering Equipment.— Crucible, Alundum, RA 98; or fritted glass, medium 
porosity; with a glass-stoppered weighing bottle, and a suction filter flask with 
either a rubber flange or a funnel and rubber flange for the crucible. 

Test Sample.— In accordance with TAPPI Standard T 11 m (page 1734), prepare 
a representative sample of 40/60 mesh (0.25 to 0.40 mm. diam.) air-dried sawdust, 
and determine its moisture content. At least 4 g. are required for each solubility 
determination in duplicate. 

Cold-Water Solubility Procedure.— From the air-dry sample, weigh to the nearest 
mg. a specimen which is the equivalent of 2 ± 0.1 g- of moisture-free wood. Place 
it in a 400-ml. beaker, and cover with 300 ml. of distilled water. Let this mixture 
digest at a temperature of 23 ± 2°C., with frequent stirring for 48 hours. Transfer 
the material to a tared filtering crucible, wash with cold distilled water, and dry 
to constant weight at 105 ± 3°C. Drying usually requires approximately 4 hours. 
Place the crucible in a tared stoppered weighing bottle and cool in a desiccator 
over concentrated sulfuric acid. Momentarily open the stopper to let in the air 
and weigh. Calculate the weight of the moisture-free material dissolved. 

HotAValer Solubility Procedure.— From the air-dry sample, weigh to the nearest 
mg. of specimen which is the equivalent of 2 =fc 0.1 g. of moisture-free wood. 
Transfer the specimen to the 200-ml. Erlenmeyer flask in the boiling water bath, 
add 100 ml. of distilled water, and attach the reflux condenser. Digest for 3 hours, 
then transfer the contents of the flask to a tared filtering crucible, wash with hot 
water, and dry to constant weight at 105 ± 3°C. Place the crucible and contents 
in the stoppered weighing bottle, cool in a desiccator over concentrated H 2 S0 4 . 
Momentarily open the stopper to let in the air and weigh. Calculate the weight 
of dte moisture-free material dissolved. 

Report.— Report the amount soluble in cold, or in hot water, to the nearest 0.1 

i Schorger, A. W., Chemistry of Cellulose and Wood, McGraw-Hill, New York, p. 506, 
1926. 

- Wise, Louis E., and Jahn, Edwin C., Wood Chemistry, 2nd Ed., esp. Vol I, Part 3, 
Reinhold, New York, 1952. 
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per cent based on the moisture free wood and record the equivalent screen mesh 
if other than 40/60 


METHOXYL GROUPS IN WOOD 

The principle of the method is the same as that in the original method of 
Zeisel I * 3 except that the methyl iodide is collected in an acetic acid solution of 
potassium acetate containing bromine The follovwi g leactions then occur 4 

CH 3 I + Br 2 * CHjBr + IBr 
IBr + 2Brj + 3H 2 0 = HIOj + 5HBr 



I he iodic acid is determined b) titration of iodine liberated by the reaction 
HI0 3 + 5HI = 3Ij + 3H a O 
This method is standardized as TAPPI T 2 m 60 

Apparatus — Set era! forms of apparatus have been used for this determination 
with satisfactory results The form shown in Fig 38 1 is recommended It c° n5IS 

3 Zeisel S.Monatsh 6,989 1885 7,406 1886 

* \ lcboch, F , and Schwappach A Ber , 63, 2818-23 1930 
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of a reaction flask with side arm for admission of carbon dioxide, an air condenser 
with a trap, and a receiver. The reaction flask is heated by immersion in an oil bath 
equipped with a heating device, preferably electrical, so that the bath can be main- 
tained at 145° to 150°C. Figure 38-2 depicts an older methoxyl 
apparatus that is no longer standard, but is still in use. 

Carbon Dioxide Feeder.— The carbon dioxide is passed to 
the flask through a bubble counter and a dry trap, and then 
through a pressure regulator consisting of a glass tee whose 
vertical arm extends almost to the bottom of a 10-in. column 
of water. A screw clamp is attached to the thin-walled rubber 
tubing connecting the horizontal arm of the tee with the boil- 
ing flask. This arrangement permits regulation of the flow of 
gas and allows any excess gas to escape. 

Reagents. Phosphorus Slurry.— Add about 0.06 g. of red 
phosphorus to 100 ml. of water. Shake well before using. 

Potassium Acetate Solution.— Dissolve 100 g. of anhydrous p IG ;;g-2. Methoxyl 
crystals in 1 liter of a solution containing 900 ml. of glacial Apparatus, 

acetic acid and 100 ml. of acetic anhydride. 

Bromine Solution.— Dissolve 5 ml. of bromine in 145 ml. of the potassium acetate 
solution. Prepare the bromine solution fresh daily in a hood to remove the bro- 
mine vapors. 

Propionic Anhydride, Pure. 

Gelatin Capsules, containing very little methoxyl and large enough to hold a 
50- to 60-mg. specimen. 5 

Hydriodic Acid (57% sp. gr. 1. 70).— Hydriodic acid forms with water a constant 
boiling mixture (b.p. 126° to 127°C.) which contains 57% HI. The concentration 
of hydriodic acid in the reagent used should be not less than 56.5%. The blank 
determination, which is affected primarily by free iodine in the reagent, should 
require not more than 0.5 ml. of 0.1 N Na 2 S 2 0 3 . 6 

Note.— If necessary, the acid may be purified 7 by adding it to a small amount of red 
phosphorus and boiling for 20 to 30 min. in a hood while passing a stream of C0 2 into 
the liquid. Carry out the distillation behind a safety glass shield in a hood, using an all- 
glass apparatus with a slow stream of C0 2 running through the receiver. Under some 
conditions the poisonous gas phosphine, PH 3 , is formed during distillation, and this may 
unite with molecular iodine to form PI 3 which may explode on contact with air. It is 
therefore advisable to keep the current of C0 2 going after the distillation is ended and 
until the apparatus has cooled; this will prevent air from being sucked into the apparatus. 
Put the purified HI in small, brown, glass-stoppered bottles, previously swept out with 
C0 2 , and seal the stoppers with molten paraffin. Store in a dark place. To minimize 
decomposition of HI due to contact with air, run C0 2 into the bottle while withdrawing 
portions of the acid for use. 

Carbon Dioxide.— This may be obtained by the interaction of marble and hydro- 
chloric acid (1:1) in a Kipp generator, or dry ice in a Dewar flask; preferably, from 
a cylinder of the gas equipped with a suitable needle valve. Nitrogen may be used 
in place of carbon dioxide. 

5 Size O gelatin capsules, available from Parke-Davis Co., have been found satisfactory 
for this purpose. 1 

« Hydriodic acid available from Merck and Co., under the designation “For Methoxv 
Determination,” has been found satisfactory. 1 

7 Sampscl, E. P„ and McHard, J. A., Ind. Eng. Chern., Anal. Ed., 14, 750, 1942- 20 368- 

'rn in4o ’ * 
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Sodium Acetate Solution (200 g per liter) —Dissolve 220 g of reagent grade an 
hydrous sodium acetate in water and dilute to 1 liter 
Formic Acid (90%) 

Potassium Iodide solid KI reagent grade 
Starch Indicator Solution or Thyodene 

Standard Sodium Thiosulfate Solution (0 1 N ) —See TAPPI Standard T610m 
Sulfuric Acid 1 10H2SO 4 

Test Specimen Obtain a representative specimen of about 60 mg of air dry 
wood meal or prepared sawdust having a known moisture content and which has 
not been in contact with methanol ethanol or other substance The adsorbed 
tesidue of these may amount to as much as 0 5% and will produce a volatile iodide 
Procedure Accurately weigh the specimen in a gelatin capsule and place the 
specimen and capsule in the reaction flask 
Through the condenser add to the trap in the distillation apparatus (Fig 381) 
enough of the phosphorus slurry to fill the trap about half full Add 19 to 20 ml 
of the bromine solution to the receiver 

Add a few small glass beads or chips of clay plate With a pipet add exactly 
2 ml of phenol or preferably propionic anhydride since phenol appears® to gne 
slightly low values by 0 3 to 0 5% for woods (but not for lignins) 9 

Add 6 ml of the hydriodic acid and immediately attach the boiling flask to the 
condenser using a few drops of HI to moisten the ground glass joint then con 
nect the side of the flask to the feeder and source of carbon dioxide 
Pass the CO into the apparatus at the rate of about 2 bubbles per secoid 
Immerse the flask in the oil bath maintained at a constant temperature at about 
IjO C and heat for 40 min 

Add 10 ml of the sodium acetate solution to a 500 ml Erlenmeyer flask and 
wash into it the contents of the receiver dilute to 125 ml with water Add formic 
acid clropwise with swirling until the brown color of bromine is discharged and 
then add about 6 drops more A total of 12 to Id drops is usually required After 
tbout 3 min add 3 g of KI and 15 ml of H„S0 4 (1 10) and titrate imtnedntely 
with 0 1 A Na 2 S 2 0 3 to a light straw color Add the starch indicator and continue 
the titration to the disappearance of the blue color 
Make a blank methoxyl determination with a gelatin capsule and 2 ml of uie 
propionic anhydride in the reaction flask 
Calculation —Calculate the methoxyl in the specimen as follows 

„ , , (A - B)A X 0 00517 

Percentage methoxyl = — X 100 


where A = ml of NasS^Oj solution required for the specimen, 
B = ml of NajS'iOs solution required for the blank, 

A = normality of the NajSsOj solution and 
W == moisture free weight of the specimen 


Report— The results as methoxyl in moisture free wood to the nearest 0 01% 
Additional Information —This revision is comprehensive and changes the *PP 


sSamsel E P pm ate communication vimaielT 

® Each milliliter of the propionic anhydride will increase the titration by appm 
0 15 ml of 0 I A AagSoOg 
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ratus and the reagents (HI and phenol) in T 2 m-43. It is adapted from ASTM 
Method D914-50, Methods of Testing Ethyl Cellulose. 

An additive (phenol or propionic anhydride) is necessary because wood meal 
does not completely disintegrate in boiling hydriodic acid. 

MOISTURE IN WOOD CHIPS AND SAWDUST 
BY TOLUENE METHOD 1011 

The following method is generally superior to oven drying and usually gives 
slightly higher results since cellulose can be completely dried only with difficulty, 
and then must be weighed in a dry atmosphere. Other volatile impurities, such 
as turpentine, are not included in the results unless they are soluble in water. 
It is hence especially valuable for wood chips or sawdust. If only a small sample 
is available, it is preferable to use die smaller apparatus described in TAPPI Stand- 
ard T 484 m-58, for paper and paperboard. This method is standardized as TAPPI 
T 3 m-60. 

Apparatus. Distillation Apparatus (Fig. 38-3).— The apparatus consists of a glass 
flask connected to a trap with a reflex condenser discharging into it, means for 
heating the flask, means for measuring the quantity of a moisture distilled over 
with the toluene vapor, and a provision for returning the condensed toluene liquid 
to die flask. 

The glass flask is of the short-neck, round-bottom type having a capacity of 
about two liters. 

The moisture trap follows the general plan of that used in the Dean-Stark water 
determination apparatus but with certain modifications. It is considerably larger 
than usual and should hold about 100 ml., the exact size not being important. The 
lower portion is of smaller diameter than the upper part and is graduated in 0.1- 
ml. divisions. A glass stopcock is sealed on at the bottom to permit drawing off 
the water for measurement. 

The vapor conveying tube between the glass flask should be lagged with insula- 
tion such as asbestos tape, subsequently lacquered or shellacked. Although thin, 
this insulation greatly reduces condensation of the distilling liquid in the vapor 
tube, thus requiring a lower bath temperature to produce the required refluxing. 

The condenser should have a jacket length of at least 24 in. and be closed at 
its upper end with a standard buret cap or a small test tube, but preferably with 
a drying tube containing a desiccant, such as indicating anhydrous silica, to pre- 
vent interior condensation of atmospheric moisture. Its lower end should be 
ground off at an angle of 30° to 45°. When inserted in the trap, the tip should 
extend to about 7 mm. ()4 in.) above the surface of the liquid in the trap when 
full. Accurate centering of the tip practically eliminates die collection of droplets 
of water on the sides of die trap. 

Before use, thoroughly clean the condenser and the trap with soap and warm 
water, rinse well, dien treat widi hot cleaning solution (a mixture of 10 ml. of 
saturated potassium bichromate solution and 990 ml. of concentrated sulfuric acid), 
finally thoroughly rinse and dry. 

The heater is preferably an electric heating mantle to fit die flask, although an 

io U. S. Forest Products Laboratory Bulletin, Chemical Analysis of Pulp and Pulp 
Woods, Method No. 13, Aug., 1928. 

n Schwalbe, Z. fur Angew. Chem., 21, 408, 1908. 
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oil bath or an electric heater (as shown m Fig 38 3) or, least desirable of all a 
Bunsen burner may be used If an oil bath is used the level of the oil should be 
those that of the liquid m the boiling flask, to reduce bumping* i 2 

Iron Support Stand, with clamps for 
the distillation apparatus 
Graduated Cylinders, 25 , 50 or 100- 
ml capacity or a buret, accurately cab 
brated to measure the volumes of water 
having a little toluene layer floating on 

it 

Containers, for specimens preferable 
cans having plug tops or tight fitting lids. 
Mark each can and its top with a distm 
guishmg number and weigh both to- 
gether to the nearest 0 5 g 

Balance, with a capacity of about 1 1* 
and a sensitivity of at least 0 1 g 

Reagent Toluene, industrial grade 
(bp 110° to I^’C) This normally 
contains a little moisture which must be 
removed before use To do this, add a 
few ml of water to about 1 liter of the 
toluene and distill in the moisture ap- 
paratus until no additional water collects 
in the trap 

Notes— The toluene may be used over 
again until it contains an excess of soluble 
substances extracted from the wood Then 
redistill and ictain the portion boiling 
within the specified range 

The amount of toluene required for each 
determination is about 500 ml It need not 
cover the specimen 

Calibration .— Add a small quantity ol 
toluene to the trap, graduated cylinder 
or buret used to measure the distillate 
hrJjixji raJj.litaJj.Bjr them., since the pres- 
ence of the toluene will aftect the shape 
of the meniscus formed at the interface 
Calibrate by adding known volumes of 
pure water from a buret which has 
fir 38 3 Distillation Apparatus been prev lously calibrated (SeeTAPPI 

Standard T 609 m ) 

Test Specimen —Take a representative specimen of the wood chips or sawdust 
place in the tared container and close it quickly to prevent any change w weight 
due to exposure 

i Tor small specimens containing less than 10 g of moisture an alternative and be»« 

apparatus having ground glass joints in place of cork stoppers is described m 
Standard T 484 m 
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The size o£ the specimen should be such as to yield enough moisture for an 
accurate measurement, but should not exceed 300 g. 

If it is necessary to take a larger quantity in order to get a representative speci- 
men, divide it into smaller portions and test each separately, combining the results. 
Alternatively, use a 5-1. flask and 1 or 2 liters of toluene. 

Procedure.— Thoroughly clean the condenser tube and trap, and dry by heating 
them in an oven at 105°C. While the glass is still warm, wet the inner surfaces of 
the condenser and the trap with a small quantity of toluene— preferably containing 
a trace of a silicone— to lessen the probability of water globules sticking to the 
glass surface. The wetting can be done conveniently by temporarily assembling 
the apparatus without the drier tube and pouring 15 to 20 ml. of the toluene into 
it through the condenser tube. 

Introduce 500 to 750 ml. of toluene into the flask and add a few glass beads or 
oven-dried pieces of porous plate to avoid bumping. As rapidly as possible, trans- 
fer the weighed specimen from its container to the flask. It is desirable, but not 
essential, to cover the specimen with the solvent. 

Reconnect the apparatus and start the stream of cooling water through the con- 
denser. Apply heat to the flask and regulate it so that the condenser tube imme- 
diately below the water jacket is just barely hot. Distill at the rate of about 3 
drops per sec. until practically no water is visible on any part of the apparatus 
except in the bottom of the trap. This usually requires about 1 hr. Then in- 
crease the rate of distillation slightly to remove traces of moisture in the condenser 
tube and wait until the water level in the trap remains unchanged after at least 
a 10-min. interval. 

Noil.— If drops of water adhere to the side of the trap or condenser tube, they usually 
may be dislodged by rubbing with a copper wire having one end wound into a spiral 
slightly smaller than the inside of the trap. When drops are observed, the end of the 
wire may be passed down through the top of the condenser tube without interrupting the 
distillation. The presence of such drops indicates dirty equipment, so another test should 
be made if a high degree of accuracy is desired. 

Read the volume of water in the trap (without disconnecting the apparatus) to 
the nearest 0.02 ml. Correct the observation, if necessary, for any error in gradua- 
tion. It is not necessary to wait until the distillate clears before making the 
reading. 

If the water is above the graduated portion of the trap, either during the dis- 
tillation or at the end, draw off the water through the stopcock into a small tared 
beaker and weigh, or into an appropriate size of graduated cylinder or buret, and 
cool and measure its volume. 

Report.— Report as the percentage of moisture, distillation method, the total dis- 
tillate calculated to the nearest 0.1% based on the original (moist) weight of the 
specimen. 

Precision.— The method is accurate to within about 0.2 ml. of water. The accu- 
racy of the reported percentage depends on the size of the sample and its moisture 
content. For a small volume of water that need not be transferred, and with 
accurate calibration of the trap with water under toluene, the accuracy may be 
increased to be within 0.1 ml. 
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Report.-Report the soluble matter to the nearest 0.1% based on the moisture- 
free wood. 

Precision.— The results of duplicate tests should not vary by more than 5% of 
the average result. With care, it is possible to keep die deviation below 2%. 

Additional Information — The results with this method are usually somewhat 
higher than those obtained by the older methods in which the temperature of the 
material during treatment was often below 90°C. 

ETHER SOLUBILITY OF WOOD 14 

The ether-soluble content of wood is a measure of such substances as waxes, fats, 
resins, phytosterols and non-volatile hydrocarbons. This amount is markedly in- 
fluenced by seasoning or drying of the wood. This mediod is standardized as 
ASTM D1 108 and TAPPI T 5 m-59. 

Apparatus. Filtering Crucibles.— Alundum, porosity R.A. 98., or fritted glass, 
medium porosity. 

Extraction Apparatus.— With ground-glass joints. A compact form of Soxhlet 
apparatus is preferable, consisting of (a) Soxhlet extraction flask of 250-ml. capacity; 
(b) Soxhlet extraction tube, inside diameter 50 mm., capacity to top of siphon about 
100 ml., height of siphon tube about 55 mm. (This type is specified because 
siphoning is more rapid than extractors with higher siphon tubes. Obtainable 
from the Scientific Glass Apparatus Company, Bloomfield, N. J.); (c) Hopkins inner- 
cooled condenser. 

Test Sample .— In accordance with TAPPI Standard T 11 m (p. 17S4), prepare a 
representative sample of 40/60 mesh (0.25 to 0.40 mm. diameter) air-dried sawdust 
and determine its moisture content. At least 4 g. are required for a determination 
in duplicate. 

Procedure.— Clean, then dry and weigh the Soxhlet extraction flask to the nearest 
milligram. From the air-dry sample weigh in a tared filtering crucible to the near- 
est 5 mg. a specimen which is the equivalent of 2 ± 0.1 g. of moisture-free wood. 
Place die crucible and specimen in position in die Soxhlet apparatus and place a 
small cone of fine-mesh screen wire in die top of the crucible to prevent any loss 
of the specimen. Assemble the apparatus, and extract with 200 ml. of U.S.P. ethyl 
ether for 6 to 8 hours, keeping the ether boiling briskly. 

Evaporate the ether from the extraction flask, dry the flask and ether extract in 
an oven for 1 hour at 105 ± 3°C., cool in a desiccator, and weigh. Continue the 
drying until there is no further loss in weight. Calculate the weight of the dried 
residue as a percentage of the moisture-free sawdust. 

Report.-Report the ether-soluble matter to the nearest 0.1%, based on the 
moisture-free wood. 

ALCOHOL-BENZENE SOLUBILITY OF WOOD 15 

The alcohol-benzene soluble content of tvood is a measure of the waxes, fats, 
resins, and certain other ether-insoluble components, including possibly portions 

i* Wise, Louis E. and Jahn, Edwin C„ Wood Chemistry, 2nd ed., esp. Vol. I, Part 3, 
Rcinhold, New 5ork, 1952. r 

d 15 Jr° Ui v. *7 J ahn> Edwin C " Wood Chemistry, 2nd ed., esp. Vol. I, Part 3, 
Remhold, New York, 1952. 1 
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of some of the so called wood gums and other water soluble components This 
method is standardized as ASTM D11Q7 and TAPP1 T 6 m59 

Apparatus Filtering Crucibles — Alundum porosity R A 98 or glass extraction 
thimbles with coarse or extra coarse porosity fritted disks 
Extraction Apparatus —With ground glass joints A compact form of Soxhlet 
apparatus is preferable consisting of (a) Soxhlet extraction flask of 250 ml cipacin 
(b) Soxhlet extraction tube inside diameter 50 mm capacity to top of siplou 
about 100 ml height of siphon tube about 55 mm (This tube is specified because 
siphoning is more rapid thdn extractors with higher siphon tubes Obtainable from 
the Scientific Glass \pparatus Co Bloomfield N J) (c) Hopkins inner cooltd 
condenser 

Solvent Alcohol Benzene Mixture —Mix together 1 volume of approximately 
05% ethyl alcohol and 2 volumes of benzene 

Test Sample —In accordance with TAPPI Standard T 11 m (p 1734) prepare i 
representative sample of 40/60 mesh (0 25 to 0 40 mm diameter) air dried sawdust 
and determine its moisture content About 4 g are required for a determmatio 
in duplicate 

Procedure —Clean then dry and weigh the Soxhlet extraction flask to the nearesi 
milligram From the air dry sample weigh to the nearest 5 mg in a tared filtering 
crucible a specimen equivalent to 2 ± 0 1 g of moisture free wood Place lie 
crucible and specimen in position in the Soxhlet apparatus and place a small cone 
of fine mesh screen wire m the top of the crucible to prevent any loss of the speci 
men Extract with 200 ml of alcohol benzene mixture for 6 to 8 hours keeping 
the liquid boiling briskly 

Evaporate the solvent from the extraction flask dry the flask and contents it at 
oven for 1 hour at 105 ± 3°C cool in a desiccator and weigh Continue the drying 
until there is no further loss in weight Calculate the weight of dried extract as 
a percentage of the moisture free sawdust 

Report —Report the alcohol benzene soluble matter to the nearest 0 1% based 
on the moisture free wood 

HOLOCELLULOSE IN WOOD 19 17 

Holocellulose is the lignin free fibrous material comprising all of the liemicellu 
lose and cellulose in wood It is white cream or straw colored depending upon 
the kind of wood The Cross and Bevan cellulose does not contain the entire 
XsRVMO-JJiiAeaiP Awawhj a? atswcw* or •Si-A-arAss. 1 w w&* aVv? Agvvwv 7Ilw .wvp.Uvnd .is stai d 
rdized as TAPPI T 9 m 54 

Apparatus Glass Crucibles —With fritted glass bottom Pyrex C or M porosity 
contained in weighing bottles 

Weighing Bottles —Of suitable size to contain the glass crucibles 
Chlorination Apparatus— As shown in Fig 38 4 

Reagents Alcohol Monoethanolamine Solution —A 3 0% solution (by volume) 
of monoethanolamine in 95% ethyl alcohol 
Ethyl Alcohol, 95% by volume 

Test Specimen — I he test specimen shall consist of at least 6 g of 3 irdry extrac 

i* \ an Beckum W G and Ritter G J Paper Trade J 105, 127-30 Oct 28 lU 
Tech Assoc Papers 21,431-31 June 1938 . 

i kurth E I Paper Trade] 126,56-58 Ieb 5 1918 Tech Assoc Papers 31 
June 1918 
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tive-free sawdust, prepared according to TAPPI Standard T 12 m (p. 1736), that lias 
previously been ground to pass a 40-mesh sieve and to be retained on a 60-mesh 
sieve. 

Procedure — Weigh accurately in duplicate approximately 2 g. of the prepared 
sawdust in a tared glass crucible contained in a weighing bottle. Determine the 
moisture content on the remainder of the test specimen. 

Using slight suction, chlorinate the moist sample by passing chlorine gas through 
a funnel inverted over die crucible, which is in position on a suction flask. Keep 
the crucible and contents cool with ice water. After chlori- 
nating for 3 minutes, remove the inverted funnel, stir the wood 
thoroughly, and rechlorinate for 2 minutes. 

Add alcohol to dissolve excess chlorine and HC1, and after 
1 minute remove by suction. Release the vacuum, drain off the 
ice water, add sufficient hot alcohol-monoethanolamine (75°C. 
or higher) to cover the wood completely, and stir thoroughly. 

Let the solution stand 2 minutes, then remove by suction. Re- 
peat the solvent treatment. Remove any remaining solvent by 
washing twice with 95% alcohol, then twice with cold water. 

Remove the wash liquids by suction. The above procedure is 
not sufficient to remove all the lignin, so repeat the treatment 
with chlorine and subsequent extraction and washing as out- 
lined above until the color of the residue is white or fails to 
change with additional chlorination. The second and follow- 
ing treatments with chlorine (after washing die specimen in the 
crucible with distilled water) should not require more than 2 
or 3 minutes. Prolonged action of chlorine gas, together widi 
the HC1 formed in the secondary reactions, hydrolyzes the liolo- f IG - 38-4. Chloi- 

cellulose and gives low yields. After all the lignin has been l'ul ose ^4 1 ^Glass 

removed, wash the fibers twice widi alcohol to remove the Funnel; B, P\i*e\ 
alcoliol-ethanolamine, twice with cold water, and again with Fritted-Glass Filter- 

alcohol until the residue is neutral to litmus. Finallv wash ' n S Ciucible, C 

thoroughly with ether to remove all the alcohol and to facilitate Water;' /), Suction 
drying- * Flask. 

Air-dry the holocellulose to remove excess ether and then drv 
for 2 and one-half hours at 105 ± 3°C. in an oven. (If subsequent analyses or tests 
are to be made on the holocellulose, it should be dried at 60 °C. in vacuo.) Finally 
place the tared crucible in the original stoppered weighing bottle, cool in a desic- 
cator over concentrated H„S0 4 , and weigh to obtain the holocellulose. 

Report.— The result shall be reported as percentage by weight of holocellulose 
in die moisture-free, unextracted wood to one decimal place. 

Additional Injormation.—\. A fraction comparable to Cross and Bevan cellulose 
can be determined from the holocellulose as follows; 

Place the crucible and contents from the holocellulose determination (dried 
in vacuo at 60°C.) in a 600-ml. beaker and add 200 ml. of boiling 1.3% H.,SO 
Place the beaker and contents in a boiling water bath having a liquid level ’coin- 
ciding with that of the solution in the beaker and continue hydrolysis for 2 hours. 
Maintain the original levels of the acid solution and the water bath by the addition 
of water. 

Remo'e the crucible from the acid and wash back into the beaker with distilled 
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water an) of the suspension remaining on its outer surface Filter the acid mixture 
through the same crucible and wish the hydrolyzed holocellulose residue ruth hot 
water under suction until neutral to litmus then with 20 ml of alcohol and finally 
with 20 ml of ether Air dry the residue to remove the excess ether and then dry 
to constant weight in an oven at 105 ±3 C Calculate the weight as the percent 
age of Cross and Bevan cellulose on the basis of the moisture free specimen 
2 The lignin content determined by the sulfuric acid method plus the holo 
cellulose content of the moisture free wood should theoretically equal 100% 


SAMPLING AND PREPARING WOOD FOR ANALYSIS 18 


Sampling —The following procedures ne applicable to the preparation of wood 
samples for all chemical te'ts This method is standardized as TAPPI T 11 ma9 
Select samples for chemical analysis in such a way that they are representative 
of the entire shipment 

Logs —Select a typical log from each of not less than 5% of the total number 
of units to be represented i e carloads truckloads cords etc but not less than 
5 logs to make up the aggregate for which the simple is to be representative unless 
the total number of logs to be sampled is less thin five 

Obtain a composite sample of wood from the selected logs by either of the fol 
lov ing procedures 

I Use a power driven sharp saw having a guide to permit cuts being made 
across the end of each log just the width of the saw teeth the saw being fitted v ith 
a clein box or other device for collecting all the siwdust without contammatng 
the sample With the guide removed from the saw cut about one third of the 
length off one or both ends of each sample log across a portion free from knots 
or decayed wood 


Note If the shipment is to be anilvzed for its quantity of decay for example b 
T \PPI Standard T 4 in (p 1730) take special care in selecting the sample logs takedoube 
the number specified above and take cuts across f \c cross sections of each log at intenali 
of one sixth of its length 


Remove any bark from the sawed ends of the logs Replace the guide com 
pletely clean the box or collecting device then take one or more cuts across each 
ol the sawed ends of all the logs and collect all the sawdust 

2 Saw a sample disk to 1 in thick from each log taking the disk from a po nt 
not nearer the end than one third the total length of the log If only a single log 
is ptov ided for analysis saw three such disks from it one from approximately the 
center of the log and the other two about 6 m from the ends Cut all the d sis 
into two semicircles or into four sectors by two cuts at an angle depending upon 
the amount of sample required Include opposite equal sectors in the final sample 
Separate and discard all bark and knots and unless required specifically decayed 
portions compression wood and other abnormalities Reduce equal sectors situ 
ated opposite in the log from each semicircle to sawdust by means of the specia y 
equipped power driven saw described above using the portion to be discarded or 
feeding the selected sector to the saw Alternatively a hand rasp may be used to 
produce a satisfactorily divided sample from the sectors if care is taken to P 
the teeth of the rasp clear and not to heat the wood unduly by vigorous rasping 

vs Wise Louis E and Jahn Edwin C Wood Chemistry 2nd ed esp Vol II PP 
2d Reinhold Newkork 1952 
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In each case reduce a complete sector to sawdust or raspings so as to ensure the 
correct proportion of sapwood and heartwood. 

Chips or Sawdust.— If die sample is in the form of chips, sawdust, or otherwise 
subdivided wood, secure a number of representative portions to ensure a fair 
analysis of the lot. If necessary, reduce die amount of material for analysis by 
quartering in the manner prescribed for coal. 

Grinding and Screening.-ll moist, let the composite sample air-dry thoroughly. 
Separate die finer material by sifting on a 40-mesh screen, and grind the coarser 
material in a mill of the Wiley type. A hand-driven grinding mill may also be 
found suitable. In no case, however, should a mill be used which heats the ma- 
terial appreciably during grinding or which produces an undue proportion of fines. 
It is preferable to use a power-driven screen because then the fine material may 
be more effectively separated. Again separate the finer material by sifting, re- 
grinding any which is retained on the 40-mesh screen; and continue this procedure 
until all the sample passes through the screen. Sift the material after each passage 
through die grinding mill before regrinding, so as to minimize die amount of 
fines produced. 

Place the entire sample so prepared in an air-tight container, e.g., a Mason jar, 
from which portions may be withdrawn for analysis as desired. It is well to expose 
the prepared sample to average atmospheric conditions for a period before closure, 
to minimize changes in the moisture content of the material during subsequent 
handling and weighing operations. 

Moisture Content— If the percentage of moisture-free wood in the sample is re- 
quired, proceed as follows: 

Weigh a specimen of approximately 2 g. into a tared weighing bottle, preferably 
of the shallow type. Dry for 2 hr. in an oven at 105 ± 3°C., cool in a desiccator, 
open the stopper momentarily to let in the air, and weigh. Continue heating for 
successive hourly periods until the weight is constant. Calculate and record the 
percentage of moisture-free wood in the enclosed sample. 

Additional Information— The particle size to which wood should be reduced for 
the purpose of certain analyses has been the subject of differences of opinion. 
There are two viewpoints: 

(a) All the wood sample should be ground to pass a 40-mesh screen, and no 
further fractionation of the fine material should be permitted. Particles of 40- 
mesh (0.4 mm. diameter) and smaller are readily attacked by the reagents used 
in present analytical methods (except the cellulose method), and finer grinding 
may degrade the wood. Furthermore, for certain analyses, the fine material should 
not be discarded, because fractionation of the wood meal may alter the proportion 
of some constituents, for example, decay, and lead to erroneous results. 

(b) Wood samples should be of fairly uniform particle size. Especially in the 
determination of the cellulose content is this desirable to avoid overtreatment of 
the smaller particles before the larger are completely delignified. Various ranges 
of particle size have been chosen for the sample for this determination, the one 
now most favored being that passing a 40- and retained on a 60-mesh screen (40/60 
mesh material = from 0.25 to 0.40 mm. diameter). 

Unless specified in a particular method, state the range of particle sizes employed 
for the analysis of the wood as a part of the report. 



ANALYSIS OF WOOD 


1737 


LIGNIN IN WOOD 19 20 21 

When wood is treated with strong acids, the carbohydrates are hydrolyzed, leav- 
ing an insoluble residue which is determined as lignin. Since some of the wood 
extractives would remain insoluble with the lignin, these are first removed by 
proper solvents. The 72% sulfuric acid method for lignin contains two and some- 
times three preliminary extractive treatments, namely: (1) with -alcohol, to remove 
the catechol tannins; (2) with alcohol-benzene solution, to remove the resins, oils, 
fats, and waxes; and (3) with hot water, to remove the remaining water-soluble 
materials. 

The alcohol extraction is necessary in analysis of woods high in tannin, e.g., oak, 
chestnut, redwood, etc. It has not been shown necessary in the more common 
pulpwoods, such as the various species of spruce, pine, fir, hemlock, poplar, birch, 
beech, and maple. It is recommended that for these woods the alcohol extraction 
be omitted unless it is desirable for a special purpose. In analysis of woods not 
listed, the desirability of the alcohol extraction depends upon the purpose of the 
analysis, and the report should state whether or not alcohol extraction was used. 
This method is standardized as TAPPI T 13 m-54. 

Apparatus. Filtering Crucibles.— Alundum, porous porcelain, or fritted-glass 
crucibles (all of fine porosity), or Gooch crucibles with an acid-washed asbestos mat, 
are recommended for filtering the separated lignin. (Glass crucibles cannot be used 
if the lignin is to be ashed.) 

Extraction Apparatus.— A Soxhlet apparatus is preferable, consisting of ( a ) 
Soxhlet extraction flask, 250-ml. capacity; ( b ) Soxhlet extraction tube, inside diam- 
eter 45 to 50 mm., capacity to top of siphon approximately 100 ml.; (c) condenser; 
(d) extraction crucibles of alundum or fritted glass and of medium or fine porosity. 
The extraction tubes specified siphon more rapidly than extractors with higher 
siphon tubes. 

Reagents. Alcohol-Benzene Solution.— Mix 33 volumes of approximately 95% 
ethyl alcohol and 67 volumes of c.p. benzene. 

Sulfuric Acid, 72%.— Carefully pour 665 ml. of concentrated H,S0 4 into about 
300 ml. of water and, after cooling, dilute to 1 liter. Standardize against standard 
sodium hydroxide solution, using methyl orange indicator. Adjust the acid to a 
strength of 72 ± 0.1%, by addition of water or concentrated H 2 S0 4 , as may be 
found necessary. 

Note.— A s concentrated H 2 S0 4 varies somewhat in strength, the measurement does not 
have to be made accurately; it may be done with a liter graduate. The proportions given 
are for concentrated H 2 S0 4 of 9G% strength and 1.84 sp. gr. 

If desired, the solution may be standardized by an accurate determination of its specific 
gravity. For 72% H0SO4 the specific gravity at 20°/4°C. i s 1.63S8; and at 60°/G0°F. or 
15.56°/15.56°C. it is 1.6389. A variation of 0.1% in the strength of the acid at this con- 
centration causes a change of 0.0012 in the specific gravity. 

Test Specimen.— The test specimen shall consist of sawdust that has previously 
been ground to pass a 40-mesh sieve, and thoroughly air-dried. (See TAPPI Stand- 
ard T 11 m, p. 1734.) 

if Bray, M. W., Paper Trade J., 87, No. 25:29, Dec. 20, 1928. 
ig 2 ” Ritter, G. J., Seborg, R. M., and Mitchell, R. L., Ind. Eng. Chem., Anal. Ed., 4, 202, 

21 Ritter, G. J., and Barbour, J. IT, Ind. Eng. Chem., Anal. Ed., 7, 238, 1935. 
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Apparatus. Crucible.— A platinum crucible or dish with lid or cover is recom- 
mended. If platinum is not available, silica may be used. 

Analytical Balance.— Having a sensitivity of 0.1 mg. and with class S weights. 

Electric Muffle Furnace.— Adjusted to maintain a temperature of 575 ± 25°C. 

Test Specimen .— Obtain a representative sample of the wood, prepared, for exam- 
ple, in accordance with T 11 m (p. 1734). Weigh to 5 mg. or less a specimen of 
about 5 g. of moisture-free wood for ashing, preferably in duplicate. If the moisture 
in the sample is not known, determine it by drying a corresponding specimen to 
constant weight at 105 ± 3°C. 

Procedure .— Carefully clean the empty crucible and cover, and ignite to constant 
weight in a muffle furnace at 575 ± 25°C. After ignition, cool slightly and place 
in a desiccator, preferably containing indicating-grade anhydrous alumina. When 
cooled to room temperature, weigh the ignited crucible on the analytical balance 
to the nearest 0.1 mg. 

Place all, or as much as practicable, of the weighed specimen in the crucible. 
If the crucible is large enough, the entire specimen may be weighed in it. Burn 
the wood directly over a low flame of a Bunsen burner (or preferably on the hearth 
of the furnace), until it is well carbonized. If the crucible is too small to hold the 
entire specimen, gently burn the portion added and add more as the flame subsides. 
Take care not to blow portions of the ash from the crucible. Continue heating 
with the burner only as long as the residue burns with a flame. When the flame 
has died down, place the crucible in the furnace at 575 ± 25°C. for a period of at 
least 3 hours, or longer if needed to burn off all the carbon. 

When ignition is complete, as indicated by the absence of black particles, remove 
the crucible from the furnace, replace the cover, and allow to cool somewhat. 
Then place in a desiccator and cool to room temperature. Reweigh with the ash 
to the nearest 0.1 mg. and calculate the percentage based on the moisture-free 
weight of the wood. 

Report.— Report the ash as a percentage of the moisture-free wood to two sig- 
nificant figures, or to only one figure if the ash is less than 0.1%. 

Precision.— The results of duplicate determinations should be suspect if they 
differ by more than 0.5 mg. 

Additional Information— Since the ignition temperature affects the weight of 
the ash, only values obtained at 575 ± 25°C. should be reported as being in accord- 
ance with this standard. 

In this revision, the temperature of ignition has been specified at 575 ± 25°C. 
in place of 600°C., being the same as in Ash in Pulp (p. 1766). 

CELLULOSE IN WOOD 22 - 23 

The procedure here described isolates the total cellulose in wood by a process 
of chlorination. The cellulose thus obtained is sometimes referred to as Cross and 
Bevan cellulose. As the method is empirical, details must be carefully followed. 
This method is standardized as TAPPI T 17 m-46. 

Apparatus. Chlorination Apparatus.-A special chlorination apparatus as illus- 
trated in Fig. 38-5 is required for this determination. It consists of one leveling 
tube and holder, two individual glass three-way stopcocks, one thermometer, one 

22 Bray, M. W., and Andrews, T. M., Paper Trade J., 76, 47, Feb. 22, 1923. 

=3 U. S. Forest Products Laboratory, Standard Testing Manual for Pulpwood, Pulp, Stuff, 
and Paper. 
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H impel precision gas buret fitted with a three way stopcock, a glass water jaclt 
for the gas buret and a Hempel gas pipet 
Glass Crucibles.— Of about 40 ml capacity equipped with a fntted-glass bottur 
of medium porosity (Pyrcx M, or equivalent) 

Alundum Crucibles— Of about 40ml capacity and of porosity RA 98 
Reagents Alcohol Benzene — \ mixture of 33 volumes of approximate!) 9y 
ctlivl alcohol and 67 volumes of cp benzene 

( alcmm Chloride Solution for Gas Buret and Gas Pipet.— Saturate water will 
CaCl at room temperature bubble chlorine gas in until saturated, and film fo 



Fie 38 5 Apparatus for Cellulose Determination 

use When the appar itus is not in use it is well to have it filled with fresh Cl gn 
thus keeping the CaCl 2 solution saturated 
Chlorine.— In a nnk or cylinder under pressure 

Sulfur Dioxide Solution — \pproximateIy 3% Pass a stream of S0 2 gu i" 1 ' 
100 ml of distilled water at about 25°C (77°F) until saturated Then dilut 
with 200 ml of distilled water at the same temperature (This should give approw 
matcl) a 3 1% solution if prepared at 25°C , 2 6% at 30 “C , and 3 8% at 20’t 
I he exact strength is not important but since there is a tendency toward In' 
strength due to possible incomplete saturation, it is preferable not to hast ^ 
temperature much above 2b°C ) 

Sodium Sulfite Solution, 2% —Dissolve 20 g of anhydrous Na 2 S0 3 or 40 g * 
iSajSCkj 7H 2 0 in distilled water and dilute to 1 liter 

Test Specimen — The specimen shall consist of about 2 g of a representati' 
sample of air dry disintegrated wood of known moisture content , 

The samples of wood for analysts shall be prepared according to the procc 
described on p 1734 

Procedure .— Weigh accurately approximately 2 g of the prepared air-dry 
in a tared alundum crucible contained in a weighing bottle. Extract the cm« 
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with contents for 6 hours, or overnight if more convenient, in a Soxhlet extractor 
with alcohol-benzene mixture. After evaporation of the solvent, wash the sawdust 
thoroughly with hot water, using a suction pump. Then transfer the moist material 
to a glass crucible with fritted-glass bottom. The crucible is water jacketed and 
connected between the gas buret and the gas pipet, as shown in Fig. 38-5, by means 
of two rubber stoppers through which passes a capillary glass tubing. Apply suc- 
tion, first at the bottom of the crucible until the excess moisture is removed, and 
then at the top. This removes the water from the fritted-glass plate and evenly 
distributes the remaining moisture throughout the entire sample. 

Pass a buret-full of Cl gas from the buret up through the material in the crucible 
and over into the gas pipet as fast as possible. The temperature of the water in 
the water jacket should be between 23.5 and 32°C- (74 and 90°F.). During the 
first chlorination, samples of wood absorb approximately 230 ml. of Cl gas at room 
temperature and atmospheric pressure. This necessitates refilling the buret, which 
may be clone quickly as it is connected to a Cl tank with a three-way stopcock. 

The first chlorination treatment requires from 3 to 4 minutes, after which remot e 

the crucible from the apparatus and wash the material by suction with approxi- 
mately 50 ml. of distilled water, and successively with 50 ml. of approximately 3% 
S0 2 solution, 50 ml. of water, then 50 ml. of freshly prepared 2% Na 2 SO s solution. 
Transfer the material to a 250-ml. Pyrex beaker, using a pointed glass rod, the 
last traces of material being removed from the crucible with 100 ml. of 2% Na 2 S0 3 
solution in the following manner: 

Add approximately 15-ml. portions of the Na 2 S0 3 solution to the crucible for 

each rinsing. When GO ml. have been thus used, place 10-ml. portions of the 

remaining 40 ml. in a watch glass, and by means of gentle suction applied to the 
top of the crucible, placed on the watch glass, remove all of the material from 
the fritted-glass bottom of the crucible. A rubber policeman drawn gently over 
the bottom of the crucible assists in removing the last traces. 

Cover the beaker containing the sample with a watch glass and place in a boiling- 
water bath for 30 minutes. Again transfer the fibers to the glass crucible and wash 
with about 250 ml. of distilled water. 

The above procedure is never sufficient to remove all the lignin, so that the 
treatment with Cl and subsequent washing with S0 2 solution, water, and Na 9 S0 3 
solution as outlined above must be repeated until the fibers show only a very faint 
tinge of pink upon addition of the Na 2 SO s solution. The second and following 
treatments with Cl (after washing the specimen in the crucible with distilled water) 
should not require more than 2 or 3 minutes. Prolonged action of Cl gas, together 
with the HC1 formed in the secondary reactions, hydrolyzes the cellulose, gives low 
yields, and causes varying amounts of alpha-cellulose. 

After all the lignin has been removed, transfer the fibers to the alundum crucible 
and wash thoroughly by suction successively with 500 ml. of hot water, 50 ml. of 
95% alcohol, and finally with 50 ml. of ether. Then dry for 2 and one-half hours 
at 105° ± 3°C. in an oven. 

Finally place the tared alundum crucible in the original stoppered weighing 
bottle, cool in a desiccator over concentrated H 2 S0 4 and weigh the residual 
cellulose. 

Report.— The weight of die residue shall be calculated, to one decimal place, as 
a percentage of the moisture-free weight of unextracted wood and reported as 
cellulose. 



1742 


PAPER, WOOD, AND PULP 


PENTOSANS IN WOOD 

Pentosans are a part of the noncellulosic carbohydrates present in wood and 
consist chiefly of xylan and araban The latter substances are converted to furfural 
with strong hydrochloric acid (HC1) In this method the furfural formed by the 
action of hot HC1 on the pentosans in wood is distilled from the mixture in the 
manner prescribed by the A O A C 1,4 The distillates may be analyzed by either a 
gravimetric or a volumetric procedure Pentosans in pulp and paper are deter 



mined by a volumetric method, but insufficient experimental data exists to ascer 
tain the accuracy of the volumetric method for the determination of pentosans in 
all kinds of wood This method is standardized as TAPPL T 19 m50 

Apparatus. Distilling Flask, 300 ml.— This flask is connected to a long water 
cooled condenser A separatory or dropping funnel is mounted in the neck o 
the distilling flask Rubber stoppers may be used to make the connections It 15 
preferable, however, to use a 300 ml round bottom flask with a No 24/40 g ass 
stopper, as shown in Fig 38 6 

Graduated Cylinder, 100 ml — Presided with a funnel for collecting the distil ate 

Gooch Crucibles. 

Reagents. Hydrochloric Acid, 12% (sp gr. 1 06) —Dilute 307 ml of c p con 
centrated HC1 (sp gr 1 18 to 1 19) to 1 liter with water. . 

Phloroglucinol Solution —Dissolve 1 1 g of pure phloroglucinol in 300 m 

a* Assoc Off Agr Chemists, Methods of Analysis, Oth ed , p 412, 1945 
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warm 12% HC1 and dilute to 1500 ml. with cold 12% HC1. If diresorcin is present, 
it will crystallize out after standing for a week. Filter immediately before using. 

Aniline Acetate Reagent.— Add acetic acid slowly to a mixture containing equal 
volumes of aniline and water until the liquid becomes clear after shaking. 

Test Specimen .— The test specimen shall consist of 1.5 g. of air-dry wood meal 
of known moisture content and so chosen as to represent the entire lot being tested. 

Note.— T he weight of the sample should be such that the weight of phloroglucide 
obtained does not exceed 0.3 gram. 

It shall be prepared for analysis in accordance with TAPPI Standard T 11 m 
(p. 1734). If extractive-free wood meal is used for analysis, it shall be prepared in 
accordance with T 12 m (p. 1736). 

Procedure .— Place the accurately weighed sample in the 300-ml. distilling flask, 
together with a small piece of paraffin to eliminate foaming and a few glass beads 
or several pieces of recently ignited pumice stone to prevent bumping. Add 100 ml. 
of 12% HC1, place the flask on a wire gauze, connect with a condenser, heat gently 
at first with a Bunsen burner, and then regulate so as to distill over 30 ml. in each 
10 minutes. More rapid distillation gives low results. Pass the distillate through 
a small filter paper before it enters the receiver, and keep the tip of the condenser 
as close as possible to the filter paper. 

As soon as 30 ml. of distillate are collected, add another 30-ml. portion of 12% 
HC1 from the separatory funnel in such a manner as to wash down particles ad- 
hering to the sides of the flask. Continue the distillation in this manner until 
360 ml. of distillate are collected. To the total distillate add gradually with stir- 
ring 40 ml. of filtered phloroglucinol solution that has been prepared at least a 
week previously. The distillate will soon turn greenish black. Allow the solution 
to stand 16 hours. After this period the amorphous black precipitate of furfural 
phloroglucide will have settled to the bottom of the beaker. Test the clear 
supernatant liquid with aniline acetate paper. If a drop of the liquid gives a 
pink color with aniline acetate paper, the precipitation of the furfural is incom- 
plete, in which case add a further amount of phloroglucinol solution and again 
allow the mixture to stand 16 hours. 

Note— T he quantity of phloroglucinol used should be about double that needed for 
complete precipitation. 

Collect the furfural phloroglucide in a weighed Gooch crucible having a thick 
asbestos mat. Wash the precipitate with exactly 150 ml. of cold water in such a 
way that the water is not entirely removed from the crucible until the washing is 
completed. Dry the crucible for 2 and one-half hours in an air oven at 100 to 
105°C. Cool in a stoppered weighing bottle and weigh. The increase in weight 
is considered to be furfural phloroglucide. 

Calculation.— The weight of pentosans corresponding to the weight of furfural 
phloroglucide is found as follows: 

Pentosans = (a + 0.0052) X / 

where a = weight of furfural phloroglucide in grams and 
/ = 0.895 if a is less than 0.03 g. 

= 0.887 if a is between 0.03 and 0.3 g. 

= 0.882 if a is more than 0.3 g. 
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Note -The factor 00052 represents the weight of the phlorogincide that remains ds 
solved in the 400 ml of acid solution 

Report —The pentosans calculated from the furfural phlorogincide, shall b« 
leported as a percentage of the weight of the moisture free sample to one decimal 
place 

The results of duplicate determinations shall agree within 0 4 
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CELLULOSE IN PULP 25,20,27,28 

The procedure here described isolates the total cellulose in pulp by a process 
ol chlorination. The cellulose thus obtained is sometimes referred to as Ctoss and 
Bevan cellulose. As the method is empirical, details must be carefully followed. 
This method is standardized as TAPPI T 201 m-54. 

Apparatus. Chlorination Apparatus.— A special chlorination apparatus as illus- 
tiated in Fig. 38-7 is required for this determination. It consists of one leveling 
tube and holder, two individual glass three-way stopcocks, one thermometer, one 
Hempel ptecision gas buret fitted with a three- 1 \ ay stopcock, a glass water jacket 
for the gas buret, and a Hempel gas pipet. 

Glass Crucibles of About 40-ml. Capacity.— Equipped with a fritted-glass bottom 
of medium porosity (Pyrex M, or equivalent). 

Alundum Crucibles of about 40-ml. capacity and of porosity R. A. 98. 

Reagents. Calcium Chloride Solution for Gas Buret and Gas Pipet.— Saturate 
water with CaCl 2 at room temperature, bubble chlorine gas in until saturated, and 
filter for use. When the apparatus is not in use, it is well to have it filled with 
fresh Cl gas, thus keeping the CaCL solution saturated. 

Chlorine.— In a tank or cylinder under pressure. 

Sulfur Dioxide Solution, Approximately 3%.— Pass a stream of S0 2 gas into 100 
ml. of distilled water at about 25°C. (77°F.) until saturated. Then dilute with 
200 ml. of distilled water at the same temperature. (This should give approximately 
a 3.1% solution if prepared at 25°C.; 2.6% at 30°C.; and 3.8% at 20°C. The exact 
strengdi is not important, but since there is a tendency toward low strength due 
to possible incomplete saturation, it is preferable not to have the temperature much 
above 25°C.) 

Sodium Sulfite Solution, 2%.— Dissolve 20 g. of anhydrous Na 2 SO g or 40 g. of 
Na 2 S0 3 -7H 2 0 in distilled water and dilute to 1 liter. 

Test Specimen .— The specimen shall consist of about 2 g. of a representative 
sample of air-dry disintegrated pulp of known moisture content. The disintegra- 
tion may be accomplished by rasping or by tearing apart by hand. 

Procedm <?.— Weigh accurately approximately 2 g. of the air-dry pulp in a tared 
alundum crucible contained in a weighing bottle. Wash thoroughly with hot water, 
using a suction pump, then transfer the moist material to a glass crucible with 
fritted-glass bottom. The crucible is water-jacketed and connected between the 
gas buret and the gas pipet, as shown in Fig. 38-7, by means of two rubber stoppers 
through which passes a capillary glass tubing. Apply suction, first at the bottom 
of the crucible until the excess moisture is removed, and then at the top. This 

Biay, M. W., and Andrews, T. M., Paper Trade J., 76, 47, Feb. 22, 1923. 

20 Bra), M. W., Paper Trade J., 87, 59, Dec. 20, 1928. 

Roe, Ralph B., J. Ind. Eng. Chem., 16, 808, 1924. 

28 U. S. Forest Products Laboratory, Standard Testing Manual for Pulpwood Pulo 

QtnfF anit Panpi- r 
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tion. The second and following treatments with Cl (after washing the specimen 
in the crucible with distilled water) should not require more than 2 or 3 minutes. 
Prolonged action of Cl gas, together with the HC1 formed in the secondary reac- 
tions, hydrolyzes the cellulose, gives low yields, and causes varying amounts of alpha- 
cellulose. 

After all the lignin has been removed, transfer the fibers to the alundum crucible, 
and wash thoroughly by suction successively with 500 ml. of hot water, 50 ml. of 
95% alcohol, and finally with 50 ml. of ether. Then dry for 2 and one-half hours 
at 105 ± 3°C. in an oven. 

Finally place the tared alundum crucible in the original stoppered weighing 
bottle, cool in a desiccator over concentrated H 2 S0 4 and weigh the residua] 
cellulose. 

Report.— Calculate the weight of the residue, to one decimal place, as a per- 
centage of the moisture-free weight of the pulp and report as cellulose. 

CHLORINE CONSUMPTION OF PULP 

This is essentially the Roe chlorination method 29 as modified by Johansson 30 
and subsequently by Mitchell. 31 It can be used to indicate the degree of cooking 
of unbleached sulfite, sulfate, soda, or NSSC pulps. This method is standardized 
as T 202 os-61. 

Apparatus. Reaction Apparatus (shown in Fig. 38-8).— The gas buret A has a 
capacity of 120 ml. and is graduated in 0.2-ml. divisions. It is connected by a 
2-mm. bore glass capillary tubing through stopcock S 2 to an upper, ungraduated 
chamber or reservoir D, of approximately 60-ml. capacity. Both are water-jacketed 
by glass tubes fitted with rubber bungs. Chamber D is closed by a ground-glass, 
closed-bottom, standard-taper stopper, and is connected by 2-mm. bore glass tubing 
and stopcock S 3 to a gas pipet CjCo. Buret A is also connected by 2-mm. bore 
tubing to S v a three-way cock through which dry chlorine gas may be introduced 
from a cylinder into the buret, or excess chlorine may be discharged to waste. 
Ground-glass ball-joint fittings are used to connect A, D, and C. Buret A is con- 
nected at the bottom with stout )4-in. bore, neoprene tubing, about 4 ft. long, to 
a leveling bottle B. A calibrated thermometer T is suspended from the top rubber 
bung and is wholly immersed in the water in the jacket. The whole apparatus is 
appropriately mounted, including a sliding support for the leveling bottle B, so 
arranged that the bottle may be supported at any desired height. Means are also 
provided to continuously circulate water with a temperature of 25°C. through the 
two jackets. 

Twin units would permit duplicate determinations to be made only a few min- 
utes apart. 

Figure 38-9 shows a second reaction apparatus, which, although no longer stand- 
ard, is still used. 

Other Apparatus.— Small Buchner funnel and flask, barometer, exhaust hood. 

29 Roe, Ralph B„ Paper Trade J., 79, No. 15, 43-6, Oct. 9, 1924; Ind. Eng. Chem., 16, 
No. 8, 808-11, 1924. 6 ’ ’ 

so Johannson, David, Taper Trade J„ 101, No. 13, 101-4, Sept. 26, 1935; Tech. Assoc. 
Papers, 19,431-1, 1936. 1 

31 Mitchell, Claude R„ A Study of the Roe Chlorine Number, Pulp and Paper Research 
Institute of Canada, Tech. Report No. 69, Jan. 1958. 
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Other Materials —Compressed air supply (not essential) and Silicone stopiod 
gre ist 

Non -Ont part of Dow Coming High \acttum Silicone grease and two parts of \ a5e 
line 01 Kel I fluorocarbon lubricant may be used for the stopcocks The greases a« 
te idils n mined wiih acetone and should be replaced daih 



Reagents Calcium Cli lor ide —Nearly saturated solution of CaCI 2 * 

s -minted solution and add 5% by volume of water 
Chlorine, cylinder of compressed gas . ^ 

Test Specimen —Take a representative sample of at least 4 g of p u ty am ^ 
integrate thoroughly if not completely defibered Acidify with thluii HIU" '' 
solve any carbon ites present (eg, CaCO^) With the Buchner funnel 
tion fhsk make i sheet hiving a dry weight of about 2 g and w ish ^ 

tilled water Mike inti wash a second sheet and allow both sheets to drv togi 
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in the vicinity of the balance (preferably under constant temperature and humidity 
conditions). Determine the percentage of moisture in one of the samples. Weigh, 
to the nearest milligram, sufficient pulp from the other sheet which, it is estimated, 
will consume between BO to 80 ml. of chlorine. (This will vary between 0.4 g. for 
a high yield chemical pulp to 2.0 g. for well-cooked pulp.) 

Procedure.— Assemble the apparatus in the exhaust hood with the reaction cham- 
ber D empty and turn on the 25°C. circulating water. Lubricate the stopper D, 
the balljoints, and the stopcocks with the fluorocarbon grease. Fill the gas buret 



A, the tubing, and the bottom of leveling bottle B with sufficient CaCL, solution 
so that at least the connecting tubing remains full when the buret A is full. Place 
sufficient CaCL solution in the gas pipet C so that 10 to 20 ml. remains in C., when 
C 1 and the tubing to S 3 are full. Saturate the CaCl 2 solution in buret A and 
bottle B by passing chlorine through .S’, (with S 2 closed) through A and the tubing 
to B, and then to waste through the hood. To saturate the solution in C v clamp 
the tubing between A and B, place the stopper in vessel D, open S H , and pass 
chlorine through .S’, , S 2 , D, S 3 , C v and then C, to waste through the hood. Make 
sure that all the balljoints are properly seated, that the apparatus is leakproof, and 
that the CaCL solution is completely saturated with chlorine. This is ascertained 
by running a blank test overnight, using the chlorine but no specimen. There 
should be no resulting change in the volume of the added chlorine after this oper- 
ation. The CaCL, solutions need to be freshly saturated with chlorine only at the 
commencement of a series of successively performed tests, or after a stand-by inter- 
\al exceeding 1 hr. 
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Make a blank determination, by exactly the same procedure but, in place of the 
specimen, use an equivalent amount of quantitative grade filter paper wetted to 
contain approximately the same percentage of water as the specimen. 

Calculate the chlorine number as grams of chlorine consumed in 15 min. at 
25°C. by 100 g. of moisture-free pulp, as follows: 


Chlorine number = 


0. 000423 (K — b)h 
7(1 + 0.003660 


where V = volume of chlorine consumed by the pulp, in milliliters, 

b = volume of chlorine consumed in the blank determination, in milliliters, 
l = temperature in °C., 
g — grams of moisture-free pulp, and 
h = barometric pressure, in millimeters of mercury. 

Report.— Report the Chlorine Number as grams of chlorine consumed per 100 g. 
of moisture-free pulp, to the nearest 0.1%. 

Precision.— Duplicate tests on a single pulp sample are expected to agree 95% 
of the time, within 5% of each other. 


ALPHA-, BETA-, AND GAMMA-CELLULOSE IN PULP 32 33 

Cellulose pulp consists of two arbitrarily defined main carbohydrate fractions: 
the alpha-fraction of high molecular weight, which remains when a mixture of 
pulp and 8.3% sodium hydroxide solution is filtered after the fibers have been 
previously swollen in a 17.5% NaOH solution, and the hemicellulose fraction 
which is contained in the short-chain material that dissolves. The hemicellulose 
fraction can be further subdivided into beta- and gamma-cellulose. 

The division of the pulp into these three fractions is by a highly empirical 
procedure originally devised by Cross and Bevan in 1897, and which has been used 
since then to define alpha-, beta-, and gamma-cellulose. 

The pulp is treated with a definite amount of 17.5% NaOH solution for 45 
minutes. The concentration of the sodium hydroxide is then reduced to 8.3%, 
and the mixture treated for another 30 minutes. The alpha-cellulose is separated 
by filtration through a filter crucible, washed, dried, and weighed. 

The total beta- plus gamma-fraction is determined volumetrically in an aliquot 
of the alkaline filtrate, after oxidation with dichromate. Another aliquot of the 
alkaline filtrate is acidified, filtered, and the gamma-fraction (that which remains in 
the filtrate) is similarly determined. This method is standardized as ASTM D558 
and TAPPI T 203 os-61. 

Note.— 1 his standard for determining the alpha-cellulose, with some revisions to secure 
heller reproducibility, blit which, unfortunately, do change the residts, is being preserved 
mainly for historical reasons. 

TAPPI T 235 m the Standard Solubility of Pulp in Sodium Hydroxide is superior to 
this method for characterizing pulps, and its use is preferable for purchase specifications 
and for measuring the suitability of pulps for various dissolving processes. 

The procedure described here is best suited to bleached pulps. Some unbleached pulps 

82 Report of Division of Cellulose Chemistry of the American Chemical Society, Ind. 
Eng. Client., Anal. Ed., 1, 52, 1929. 

33 Doree, C., 1 he Methods ol Cellulose Chemistry, 2nd ed„ D. Van Nostrand Co., New 
York, p. 363, 1947. 
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may prove so diflicult to filter that the) ma\ require a prior chlorite or holocellulose lr(1| 
mein 

Tor the determination of alpha cellulose in paper see TAPPI T 429 m p IS^O 
Apparatus Water Bath —At 20 0° ± 0 2°C large size 
Filtering Crucible —Low form 30 ml alkali resistant with fritted disc of coant 
porostt) (nominal maximum pore size 40 to 60 /i) 

Suction riasks for crucible two 

Glass Stoppered \\ eighing Bottle —Large enough to hold the filtering crucibl 
Glass Stirring Rod— About 7 tn long with one end flattened to a disc abou 
1 cm diameter 

Other Equipment 100 ml graduate 250 ml beakers with watch glass coins 
100 and 500 ml volumetric flasks 250 ml 500 ml and 1 liter Erlenmeyer flask 
10 ml and 50 ml pipets 2a0ml glass stoppered graduated cylinder and Inm 
paper 

Reagents Sodium Hydroxide Solution 17 5 ± 0 1 g NaOH per 100 g of Sola 
tton— Dissolve a quantity of solid sodium hydroxide in an equal weight of dstilM 
water cover and allow the suspended carbonate to settle which may take several 
days Decant or siphon ofE the clear supernatant liquid and dilute with CO (rcc 
distilled water until the specific gravity at 20°/4° is 1 192 ± 0 001 (correction per 
°C 0 000a!) Check the final dilution by titration with standard acid fl 
Na CO, content of the diluted solution should not exceed 1 g per liter 
Sodium Hydroxide Solution 8 3 g NaOH per 100 g of Solution Dilute another 
poition of 50% NaOH with C0 2 free distilled water to a specific gravity of 101) 

0 001 at 2074° 

Vcetic Acid 2 A 

Concentrated Sulfuric Acid 94-95% H,SO^ (sp gr 1 84) Reagent Crade 
Sulfuric Acid 6 N H S0 4 

Potassium Dichromate Solution, 0 4 N —20 g K 2 Cr 2 0 7 with 150 ml concentrated 
H_S0 4 per liter 

Sodium Thiosulfate 01 JV Na S O^ Accurately Standardized 
Potassium Iodide Solid KI Reagent Grade 
Starch Solution 0 5% (or Tlnodene Powder) 

Test Specimen —Obtain a sample of pulp which is representative of the ct tire 
lot being tested weighing at least 10 g If in sheet form split then tear it « fl 
pieces approximately 5 to 10 mm across Do not cut with a pair of scissors « or use 
a grinder Spread the torn pieces on a tray open to laboratory air for at leal 
24 hours to attain uniform moisture content At about the same time tale com 
posite specimens for the moisture and alpha cellulose determinations 

Procedure Alpha Cellulose —During the procedure keep the sodium hydros dc 
solutions distilled water and acetic acid at 20 0 ± 0 2° C this is conveniently done 
by placing them in flasks held in the water bath However the water used for I t 
final rinse of the alpha cellulose residue need not be exactly 20°C 
Heat the fritted glass crucible and weighing bottle in the oven at 10a±3k o 
constant weight (±0 5 mg) pi ice the crucible m its bottle and stopper tig 11 
Cool in a desiccator for an hour or more Loosen the cover of the bottle momc" 
tardy to equalize the pressure and weigh to the nearest milligram 
Weigh to the nearest 5 mg or less the equivalent of 3 0 g of moisture free [ U P 
At about the same time weigh another portion and determine its exact moo 
content according to ASTW D644 55 Transfer the specimen for the^alkai j r ^ 
ment to a 2j0 ml beaker in the water bath Accurately mejsure 73 m 0 
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17.5% NaOH solution into a graduate at 20°C. Wet the pulp with 15 ml. of the 
NaOH solution and macerate gently with the flattened glass rod for 1 min., add 
10 ml. more and mix for 45 sec., then 10 ml. more and mix for 15 sec.; so that 
at the end of 2 min., 35 ml. of the NaOH have been added to form a slurry free 
from lumps, with the minimum amount of maceration. Stir and allow the mixture 
to stand for another 3 min. Without removing the beaker from the bath, add an 
additional 10 ml. of the NaOH solution, and mix with the flattened stirring rod 
for a total of 10 minutes, meanwhile adding the remaining 30 ml. of the NaOH 
solution in 10-ml. portions, after 2.5, 5, and 7.5 minutes. At the end of the 10 
minutes, without removing the stirring rod, cover the beaker with a watch glass 
and leave the mixture in the water bath for 30 minutes more, a total of 45 minutes 
after adding the first portion of sodium hydroxide. Then add 100 ml. of distilled 
water at 20°C.; quickly and thoroughly mix and leave the diluted mixture in the 
water bath for a total period of 30 minutes, a total period of 75 minutes in contact 
with sodium hydroxide. 

Notc.— C ontact with the resulting 8.3% NaOH, in which a small portion of the treated 
specimen is quite soluble, has been lengthened in order to avoid the uncertainty as to 
how much of this fraction is inadvertently dissolved during the dilution step. 

Pour the contents into the tared fritted crucible on a clean suction flask. If 
suspended fibers are noticed in the filtrate, pass it through the cellulose mat again 
to clarify it. Rinse the beaker and residue with 25 ml. of 8.3% NaOH solution 
at 20°C. and quantitatively transfer all the fibers to the crucible. During the 
filtration, always keep the cellulose pad covered with solution to prevent drawing 
air through the pulp pad. Wash the filtered residue, using five 50-ml. portions 
of distilled water at 20°C. Set aside the filtrate (which should be less than 500 ml.) 
for the determination of beta- and gamma-cellulose. 

Note.— J t is assumed that the filtering procedure will occupy about 5 minutes. If the 
pulp is difficult to filter, taking over 5 minutes, deciease the 30-minute standing time for 
subsequent specimens of that pulp accordingly. 

Place another suction flask in position and wash the residue in the crucible with 
an additional 400 ml. of distilled water, discarding the filtrate. Disconnect the 
suction tube, fill the crucible with 2 N acetic acid at 20°C. and allow the residue 
to soak for 5 minutes. Reapply the suction and draw* off the acetic acid. Wash 
the residue with water until it is free from acid, as indicated by litmus paper. 

Wipe the bottom and sides of the crucible with a dry' towel and place it in an 
oven at 105 ± 3°C. along with its weighing bottle. Dry to constant weight, then 
cool and weigh in its weighing bottle as belore. Avoid prolonged heating because 
after it reaches a minimum, a gain in weight will occur. 

Calculate the alpha-cellulose as a percentage, based on the moisture-free pulp. 

Correction for Ash and Lignin .— Correct results from those pulps with appreci- 
able ash, and from unbleached pulps for their ash and lignin contents. Subtract 
these quantities from the weight of the alpha-cellulose, to obtain the corrected 
value. 

Beta- and Gamma-Cellulose.— Quantitatively transfer the alkaline filtrate from 
the suction flask to a 500-ml. volumetric flask, make up to the mark with distilled 
water, and mix. 

Determine the cellulose dissolved in the alkali by oxidation with the dichromate 
solutions as follows: 
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With a pipet transfer 50 ml of the filtrate to a 500 ml Erlenmeyer flask Add 
10 ml of 0 4 A' k_Cr,0- and then, carefully, 90 ml of concentrated H 2 S0 4 If the 
sulfuric acid is of lower concentration than 94%, the temperature will not rcich 
125 to 130°C during the oxidation Swirl to mix, and apply heat to maintain a 
solution temperature of 127 ± 2°C for a 10 minute period to complete the oxidi 
tion Use of a reflux system for the flask is desirable Cool the flask to room 
temperature and quantit itnelv transfer the solution to a 1 liter Erlenmeyer flask 
using 500 ml of distilled water Add approx im i tel) 2 g of solid M $mrl 
to dissolve, and allow it to stand for 5 minutes Titrate with the 0 1 A T Na,S 0 3 
solution adding the starch indicator near the end point when the yellow "color 
of the iodine has nearly disappeared 1 he end point occurs when the color of 
the solution changes from deep blue to light green Make a blank titration sub- 
stituting a 50ml portion of the 05 A N'aOH for the filtrate and using approvi 
mately the same temperature and time to complete the titration Calculate the 
percentage of beta plus gamma cellulose as 

(Vt - Pi) X N X 6 85 

W 

where V\ — ml of NajSjOj consumed in the titration of the filtrate 
I r 2 = ml of Na2S2C>3 consumed in the titration of the blank 
A r = normality of the Na2S 2 Oi solution 
W «= moisture-free weight of the pulp used 
6 85 = mg of cellulose corresponding to 1 milhequivalent of KjCrjO; 

Non — I lieoicticall) 1 ml of k 2 Cr 2 07 coiresponds to 6 75 mg of cellulose or polyoses 
ml under the less ideal conditions of the oxidation described above, 1 imlliequivalem 
orresponds to G 85 mg 

The equivalence factor foi the conditions and solutions employed for each occasion inav 
ic determined as follows 

Without heating dissolve 02 * 0 001 g (nioisiuie fiee) of high quality bleached cotton 
lintels or ashlcss filtci paper in 40 ml of 72% I1 2 S0 4 and in a 100 ml volumetric flask 
dilute to the maik with more 72% acid linmediatel) thereafter, pipet duplicate 10 ml 
ihquots of the cellulose solution into a pair of 500 ml Erlenmeyer flasks add 40 ml 05 \ 
NaOH to each and another 10 ml portion of the NaOH to another flask as a blank 
Oxidize anil titrate the blank and each flask containing the 20 mg of cellulose as dcscribtd 
above Suppose the results are f 3 and f 4 ml respectively, then the equivalence factor 
(milligrams of cellulose per milliliter of A solution) or milligrams of cellulose per 10 nil 
of the 0 1 \ Na 2 S_.0 3 as used— the portion replaced by cellulose having been oxidized is 
200/f 3 - I 4 

Take care that the 10 ml pipet used to deliver the cellulose aliquot is nhbntcd tor 
the delivers of that solution, since it is more viscous than water (Using tike same iWrm 
pipet as was used for the specimen will minimize the possible error) 

Alternatively in place of the kl and Na;jS_0 3 titration after cooling the oxidized specs 
men to room temperature add 50 ml of water to the specimen and to the blank, coo 
again to room temperature add 2 to 4 drops of ferroin indicator (1 5 g of o phenantnro 
line monohydrate— or 1 6 g of the hvdrochlonde— plus 07 g of FeS0 4 dissolved in water 
and diluted to 100 ml) and titrate with a freshly standardized 01 A solution of ferrous 
ammonium sulfate to a purple color In the calculation above J j and I 2 will represe 
the volumes of ferrous ammonium sulfate used for the specimen and blank, respective' 
An electrometric titrimeter is preferable for this titration .. . 

If the alpha cellulose content is less than 91%, there is not sufficient k 2 Cr_.07 in 
of the 0 4 A’ reagent to oxidize the cellulose in the 50 ml aliquot of beta and R»rn ^ 
cellulose taken originally from the 500 ml flask Use a 25 ml aliquot and 25 ml ot ■> 
NaOH for the blank titration so that the acid to total solution ratio remains comun 

Gamma Cellulose.— Transfer exactly 190 ml of the original alkaline filtrate to 
a 250 ml glass stoppered graduated cylinder Add a few drops of methyl ormg 
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and fill the graduate to the 240-ml. mark with 6 N H 2 S0 4> stopper the cylinder, 
and invert several times to mix. Adjust to the acid side if necessary by the furthei 
addition of H 0 S0 4 . After cooling, dilute to the 250-ml. mark with distilled water, 
mix, and let stand at room temperature until the beta-cellulose has settled. This 
usually requires 16 hours. 

Carefully decant the clear solution through a dry folded filter paper into a dry 
250-ml. beaker, discarding the first 50 ml. Determine the gamma-cellulose in the 
filtrate by oxidizing a 50-ml. portion with 10 ml. of dichromate as described above 
for the beta- plus gamma-cellulose. Make a blank test by substituting 50 ml. of the 
0.5 N NaOH for the filtrate. 

Calculate the gamma-cellulose as a percentage of the moisture-free pulp as: 

„ , (V 2 - Vy) X A r X 6.85 X 1.316 

gamma-cellulose = — 

where 1.316 is the aliquot factor, and the other symbols are as before. 

Calculate the percentage of beta-cellulose by difference between this and the 
beta- plus gamma-cellulose. 

Report.— Report the alpha-, beta-, and gamma-cellulose as percentages of moisture- 
free pulp, to the nearest 0.1%, and if the pulp is unbleached, state whether or 
not the results are corrected for lignin and ash. 

PITCH IN WOOD PULP 

This method is standardized as TAPPI T 204 m-54. 

Preparation of Sample— If the pulp is sufficiently wet, it shall be separated into 
thin layers and allowed to dry in the air overnight. If the pulp is too dry to 
separate, it shall be soaked in water, then separated into layers and allowed to 
dry overnight. The layers shall then be cut into pieces about 2 by 4 in., and 5 g. 
weighed out for each extraction. Pieces shall be creased alternately parallel to 
the shorter direction so that they may be closed up like a camera bellows. This 
is very necessary to keep the surfaces apart in the extractor and to facilitate rapid 
extraction. (If preferred, the pulp may be shredded before extraction and packed 
into the extractor loosely.) 

Where extreme accuracy is desired, the moisture shall be determined on a 
separate portion of the air-dried pulp by drying a weighed sample to constant 
weight at 105 ± 3°C., and the pitch percentages subsequently obtained shall be 
corrected to the air-dry basis by dividing the actual results by l-M/0.90, where M 
is the percentage of moisture expressed as a decimal. For ordinary purposes, how- 
ever, the strips dried overnight may be considered in the air-dry condition. 

Ether Extract— Accurately weigh 5 g. of the pulp prepared as previously de- 
scribed, place it in a Soxhlet or a continuous extractor connected to an unweighed 
Erlenmeyer or Soxhlet flask, and extract with sulfuric ether for at least 16 hours 
with the ether boiling rapidly. 

Filter the ether solution through a wad of absorbent cotton in the bottom of a 
glass funnel, trashing the funnel and the cotton finally with a little ether, and 
collect the filtrate in a weighed Soxhlet flask. Then evaporate the solution in the 
flask, dry the residue on the steam bath until the ether is removed, and finally dry 
in the oven at not over 105°C. to constant weight. Calculate the weight of residue 
to percentage of the air-dry pulp and report as ether-soluble pitch. 
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These specifications are in addition to those for the dimensions and do not alter 
the dimensions. 

The top of the tube is closed with a rubber stopper, carrying another capillary 
which has a ground-glass stopcock. The bottom capillary is closed with a rubber 
tube and clamp. Each tube has a wedge-shaped cylinder, Fig. 38-12, the bottom 
of which is notched. The cylinder, made from H-in. steel or Monel rod, is 2.5 cm. 
long. 



Fin. 38-10. Viscosity tube. 



Fig. 38-11. 
Jacket. 




The glass jacket, Fig. 38-11, supports the viscosity tube in the thermostat. The 
jacket is so constructed that it supports the tube on three glass points at the bottom 
and is a sliding fit at the top. 

Calibration of Viscosity Tube.— The volume of the tube is obtained as follows: 
Fill the tube containing the wedge with water, put the rubber stopper tightly in 
place and force the excess water out through the capillary. (The rubber stopper 
must be replaced periodically by a fresh one, determining the new volume each 
time.) Open the stopcock and drain the contents into a buret, noting the time in 
seconds for the meniscus to fall from line A to line C. Read the volume of the 
water delivered to the buret and take the average of several determinations as the 
volume of the tube. 

The tube constants C and k are determined from the formula: 
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\\ here I = viscosity in centipoises 

d = specific gravitv of the solution 
t = time m seconds for meniscus to foil from line A to C, 

C = tube constant 
and k — gravitv constant 

The constant C is first determined with standard glycerine solution of approx 
mattly 1 21 sp gr (8a% solution) at 20 0 C The specific gravity must be ami 
ritelv determined with a pycnometer I he viscosit) max be obmned from a cune 


Table 38 1 M Viscosity of Glycerine Water Solutions 



Viscosity in 


Viscosity in 

Specific Grouty 

Centipoises 

Specific Grouty 

Centipoises 

at 20 0°C 

at 20 0°C 

at 20 0°C 

at 20 OX 

1 0000 

1 009 

1 2155 

74 780 

1 1014 

3 734 

1 2240 

110 800 

1 1699 

15 360 

1 2463 

409 300 

1 1848 

23 540 

1 2568 

871 700 

1 20d7 

49 670 
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drawn from Table 38 1 In tins case constant k may be disregarded since the tme 
of efflux is long The formula then becomes 



from which the tube constant is calculated The gravity constant k is determined 
b) repeating the operation with water at 20 0°C and substituting for C in formuli 
(1) the value found above as well as d = 1 and f = 1 The formula then becomo 

k = C - Ct W 

Note— The Hariman Leddon Company 6003 Girard Avenue I hiladelphia H 
prepared four mineral oil reference standards for the calibration of the vivcosilv tu 
used in this method Thcs" icference standards arc approximate!) 20 anti 50 ccntipw 50 
with a statement of the actml mtisuremcnt within a tolerance of error of 05 ccniipo* 

Reagent Cuprammomum Solution — FreshI) prepare the cupramnionium s°| u 
lion at least every 2 months as follows Place clean copper turnings in a glass W 
21 in long and 4 in in diameter surrounded with ice (The turnings mUSt 
previousl) cleaned by washing in dilute HC1 ) Pour in concentrated M i , 
(2b-28° 0 NH 3 ) containing 2 g of cane sugar per liter until the tube is neatly^ 
Bubble air wlndi is passed through a wash bottle containing concentrated N*m 
through the solution for several hours until the desired Cu concentration 
reached Analyze the solution for Cu and NH 3 and make the proper adjustrnen ^ 
1 he Cu concentration shall be 14 8 to la 2 g per liter, the hH 3 concentration 
to 210 g per liter 
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The course of the reaction can be followed by estimating the Cu content colori- 
metrically by comparing with a standard, both diluted 50-fold. 

Determine the Cu and NH 3 in the cuprammonium solution as follows: 

(a) Copper. Pipet 10 ml. of the cuprammonium solution into a 250-ml. Erlen- 
meyer flask, and dilute with 25 ml. of water. Boil the solution until no more 
NH 8 is given off. Add 5 ml. of HNO a (1:1) and boil until red fumes are expelled. 
Then add 2 ml. of bromine water and boil until the Br is all expelled. Remove 
from the heat, dilute to 75 ml., and carefully add NH 4 OH until the solution be- 
comes just alkaline (blue), but not more. Add a slight excess (4 or 5 ml.) of glacial 
acetic acid, cool to tap water temperature, and add 10 ml. of 30% KI solution. 
Titrate with 0.1 N thiosulfate solution until the yellow color of free iodine is 
nearly gone, then add starch indicator and continue the titration cautiously until, 
on the addition of another drop, the blue color due to free I disappears. 

Calculation .— Copper content of cuprammonium solution in grams per liter = 
ml. 0.1 N thiosulfate X 0.636. 

(b) Ammonia. Pipet 2 ml. of the cuprammonium solution into 50 ml. of normal 
H 2 S0 4 solution, keeping the tip of the pipet beneath the surface of the liquid. 
Titrate the excess acid with normal NaOH, using methyl red indicator. 

Calculation.— NH 3 content of cuprammonium solution in grams per liter = (50 — 
ml. NaOH) X 8.5 — 0.536 C, where C = copper concentration in grams per liter. 

Care should be taken that no liquid adheres to the outside of the pipet before 
it is inserted into the acid solution. The correction factor (0.536 C) is made for 
the alkalinity of the copper hydroxide. 

Test Specimen.— A representative pulp sample in the air-dry condition shall be 
shredded by means of a mechanical shredder or a coarse steel file. Wet pulp may 
be made into several handsheets, dried in the oven at 105 ± 3°C. for 3 minutes, 
and then shredded. 

The air-dry pulp shall be placed in a stoppered bottle and the moisture content 
determined on a portion of it. The weight of air-dr)' pulp equivalent to 1 g. of 
moisture-free pulp for each 100 ml. of tube volume shall be calculated for each 
tube, and the proper amount of sample weighed out for the tube employed. 

Procedure .— Take the calculated weight of moisture-free pulp to give a 1% solu- 
tion and loosely roll it into the form of a cigarette in a strip of hard-surfaced paper 
such as glassine; then moisten this roll with 5 or 6 drops of water and slide it from 
the paper into the viscosity tube. Siphon the cuprammonium solution into the 
bottom of the tube by means of the rubber tubing at the bottom, until it is two- 
thirds full. Quickly break up the pulp roll with the aid of a thin glass stirring rod. 
Add the remainder of the solution at the top, scrape the rod clean, and insert the 
stopper. Force the excess solution through the capillary and close the stopcock. 
Wrap the viscosity tube in black cloth, and place it on a wheel rotating 3 or 4 
r.p.m., so that the metal wedge falls freely through the solution as the tube rotates. 
The pulp should be well broken up so that the metal wedge will fall through the 
full length of the tube before the tube is put on the rotating wheel. Allow 15 
hours rotation (overnight) for the complete dispersion of the pulp. 

Place the tube in the thermostat at 2(PC. until equilibrium is established. Re- 
move the rubber tubing from the capillary and place the tube in position in the 
jacket, which remains in the thermostat. Remove the rubber stopper, allowing the 
pulp solution to flow through the capillary. Note the time in seconds (t) for the 
meniscus to pass between the marks A and C, and calculate the viscosity of the 
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solution from the formula 


V = 


d 

c 


K) 


in 


in which d the specific gravity of the pulp solution is 0 96 C and k are constants 
found Simplifying the equation becomes 


V — C (/ - *) where C 1 = ^ 


( 4 ) 


Inspection will show when the expression k/t may be disregarded as is usually 
the case with unbleached pulps of high viscosity 
The tubes may be cleaned by immersion in nitric acid (I 1) 

Report Results shall be reported in terms of centipoises and represent the 
aienge of at least two tests 

Precision Duplicate samples should check within 2% on bleached and 3% on 
unbleached pulps 


WATER SOLUBILITY OF PULP 3 » « « 

This method is standardized as TAPPI T 207 m 54 

COLD WATER SOLUBILITY 

Apparatus The special apparatus required consists of a suction filter flask and 
a rubber flange for the crucible and funnel 
Spectmen —The specimen shall consist of about 2 g of air dry pulp accurately 
weighed 

Procedure— Place 2 g of air dry material the moisture content of which has 
been determined on a separate portion in a 400 ml beaker and cover with 300 ml 
of distilled water Let the mixture digest at room temperature with frequent 
stirring for 48 hours Transfer the material to a tared alundum crucible \ ash 
with cold distilled water and dry to constant weight at 105 ± S'C Drying usually 
requires approximately 4 hours Place the crucible in a stoppered weighing bottle 
cool in a desiccator over concentrated sulfuric acid and weigh 

Report The amount soluble shall be reported as a percentage of the moisture 
free weight of the pulp 

HOT WA I ER SOLUB1LI1 \ 

Apparatus —The special apparatus required is a constant level botlmg water ba 
Specimen —The specimen shall consist of about 2 g of air dry pulp accurately 
weighed 

Procedure —Digest 2 g of air dry material the moisture content of which h as 
been previously determined on a separate portion with 100 ml of distilled w^ter 
in a 200 ml Erlenmeyer flask provided with a reflux condenser Place the 
in a boiling water bath the water level of which is maintained constant just a 

33 Schoiger A U Cheinistrv of Cellulose ancl Wood McGraw Hill New ' or *' P ^ 
1926 . |3i 

i Hawley and Wise Chemistry of Wood Chemical Catalog Company New ior p 
1926 

*i IS ray M W 1 jper Trade J 87,59-68 Dec 20 1928 
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the solution in the flask, by means of a constant-level apparatus. After boiling 
gently for 3 hours, transfer the contents of the flask to a tared alundum crucible, 
wash with hot water, dry at 105 ± 3°C., cool in a desiccator over concentrated 
H 2 S0 4 and weigh in a stoppered weighing bottle. 

Report.— The amount soluble shall be reported as a percentage of the moisture- 
free weight of the pulp. 

WEIGHING, SAMPLING, AND TESTING 
PULP FOR MOISTURE 42 

The determination of moisture in wood pulp varies with the form in which it 
is manufactured, and the methods selected for moisture testing are specified for 
each given form or kind of pulp. These include: (1) baled pulp: dried sheets, 
shredded pulp, hydraulic pressed laps; (2) roll pulp; (3) loose lap pulp: wet laps, 
hydraulic pressed laps; (4) double-press wet-wachine pulp in sheets. This method 
is standardized as TAPPI T 210 m-58. 

Notj:.— Other conditions also affect the testing of pulp, such as the place of testing, the 
time elapsed before testing, and the quantity of pulp. The place of testing may be at 
mill during manufacture; at dock during transfer from car to ship for export, or vice 
\ersa; at receiving point for incoming car lots or shiploads. The pulp may be freshly 
made or stored in warehouses or open piles. 

Apparatus. Sampling Tool.— For testing baled dry pulp, a boring tool which 
cuts a disk about 4 in. in diameter is used. For baled shredded pulp, a special tool 
(Crossley Sampling Tool made by Thompson Mfg. Co., Lancaster, N. H.) similar 
to a cork borer is used to cut a sample 1)4 in. in diameter and to a depth of 4 in. 

Template.— For the wedge method a template with an apex angle of approxi- 
mately 4 to 9° is desirable. This is preferably made of brass and should have a 
length of about 18 in. 

Laboratory Scales.— Scales used for weighing pulp samples shall show a sensi- 
tivity of 0.1% of maximum load. For example, if 1 kg. (2.2 lb.) of pulp sample 
is taken, the scales must show a decided deflection by the addition of 1 g. to the 
load. 

Drying Oven.— Any suitable laboratory drying oven may be used for drying 
samples to constant weight. A temperature recorder is recommended to measure 
the temperature throughout the test. The temperature throughout the oven shall 
not exceed 108°C. (226.4°F.) at any time during the test, and shall be maintained 
at 105 ± 3°C. (221 ± 5.4°F.) during the last ttvo hours of drying time. 

Samples .— No one method of sampling is suitable for all the different forms of 
pulp. The various sampling methods and their application are as follows, their 
fuller description being included under the procedure to which they apply: 

Strip Method.— The strip method, while well adapted to mill sampling of un- 
pressed wet laps or roll pulp, is not suitable for frozen lap pulp at receiving point. 

Boring Method.-The boring method, while well adapted to the sampling of 
baled pulp and rolled pulp, is not suited to die sampling of wet lap pulp of under 
3G% moisture-free content (40% air-dry). 

Official Rules for Weighing, Sampling and Testing Wood Pulp for Moisture, Approved 
b )' die Certified Pulp Testers' Bureau of the American Paper and Pulp Association Asso- 
ciation of American Wood Pulp Importers, and Technical Association of the Pulp and 
Paper Industry. r 
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Wedge Method— The wedge method or any other method which imohes th 
breaking open of bales is not suitable for referee sampling of pulp at dock since 
transportation companies decline to handle broken bales and rebahng with an 
ordinan handpress is not practicable 

Number of Samples —Sufficient and representative samples from individual unm 
must be taken to ensure a fair average of the lot This is especially necessary where 
grab samples from opened bales are taken 
Procedure Determination of Gross Weight of Pulp— As all pulp is invoiced 
on the basis of air dry tons rules for the determination of the moist weight ©f iht 
pulp are just as important as rules for sampling and testing and the moist weight 
shall always be determined by one of the following methods 

Railroad II eight —Railroad weight of entire car uncoupled and weighed sepi 
rately when the tare of the empty car is actually determined by weighing it (This 
does not mean the routine bill of lading railroad weight but an actual weighing 
upon railroad scales properl) supervised ) 

C ei lifted II eight —W eight of entire car lot as certified by officially recogmied 
weighing bureau issuing weigh masters certificate of weight 

U eig/ung by Truck and Tested Scales —Weight of lot by sum of weights of trod 
loads passing over accurately tested scales during loading or unloading less the 
tare of the trucks 

By Calculation from Average Weight of Parcels— Weight of lot determined bv 
multiplying the actual number of bales or rolls in the shipment as determined b) 
accurate count by the average weight of the bales or rolls weighed and sampled 
In domestic roll or wet bale pulp the variation in weight between individual rolls 
or bales is often so great that it may be necessary to weigh the entire shipment 
In the case of roll pulp or shredded pulp at least 25% of tire rolls and preferably 
the entire shipment should be weighed 

The accurate weight of all bales sampled shall be ascertained before sampl ng 
no unweighed hales shall be sampled (roll pulp and shredded pulp excepted) 
Whenever bales are numbered their numbers shall be listed in addition to their 
weights 

Only normal bales shall be sampled Reject as abnormal those bales obviously 
damaged or whose weight differs from the average gross weight as determined ai 
the time of testing b) more than 10% plus or minus 
Scales —Scales will be accepted as accurate (I) when verified by standard test 
weights or (2) when verified by weighing a known or measured volume of vvatn 
Scales for weighing bales shall be provided with 1 lb divisions They shall hast 
such accuracy that after having been balanced they will show a variation of not 
more than 1 lb when a 4001b reference weight is placed upon them and the 
load manually increased and decreased temporarily 

Handling of Samples —The samples taken shall be immediately deposited in a 
metal can with tightly fitting cover, and the net weight obtained as soon as prae 
ncable In case of an unavoidable delay between the time of taking the sample* 
and weighing if an airtight container is not available, use a cover, the edges o 
which shall be sealed with friction tape or the equivalent . ^ 

Weighing and Drying of Samples— Both moist weight and dry weight $ha 
obtained upon the same scales with the same weights 
All the samples taken shall be dried out for the test After weighing the moi^ 
samples, these shall be placed tn a suitable oven and dried to constant weig 
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a temperature of not less than 99°C. (210°F.) and not more than 108°C. (226°F.). 
A minimum allowable temperature of at least 102°C. (216°F.) shall be maintained 
during at least the last 3 hours of drying. The hot samples shall be weighed in 
the oven or in closed containers immediately after being withdrawn from the oven, 
taking care to avoid convection currents while weighing. Two successive weighings 
at least 3 hours apart shall not show a variation greater dian 0.1% of the moist 
weight of samples, and the total of the minimum weights shall be taken as the 
final moisture-free weight. 

To calculate the percentage of moisture-free pulp, divide the weight of moisture- 
free pulp by the moist weight and multiply by 100. To calculate the air-dry per- 
centage, divide the percentage of moisture-free pulp by 0.9. Multiply the moist 
weight by this air-dry percentage and divide by 100 to obtain the weight of air-dry 
pulp. 

Testing at Pulp Mill.— The strip method shall be used for sampling pulp coming 
from the wet machine or from driers in continuous web. Cut a 2- or 3-in. uni- 
formly wide strip across the entire width of web coming from the machine. One 
such sample shall be taken from the wet machine for every 2000 lb. wet weight pro- 
duction. For web-dried pulp, one such sample shall be taken for every fifth bale 
or roll of production. 

Testing on Dock or Receiving Point. Boring Method .— This is suitable for sam- 
pling (1) baled pulp in sheets, (2) roll pulp, (3) baled shredded pulp having 50% 
moisture or less, and (4) hydraulic pressed laps having 64% moisture or less. 

Baled pulp in sheets: 

(a) Number of bales to be sampled: On lots of 3000 bales or less, 10% shall be 
taken, except by agreement, but never less than 15 bales. Samples shall be drawn 
from only sound and intact bales from different sections of the entire shipment. 

(b) Details: The samples shall be taken by boring into each bale to a depth of 
3 in., with a special tool which cuts disks about 4 in. in diameter. The disks shall 
be removed and 10 of them taken as a sample, selected as follows: one disk from 
second sheet from the wrapper; two disks 1 in. deep; three disks 2 in. deep; four 
disks 3 in. deep. 

The holes to be bored shall be so located that in each series of five successive 
bales they will represent a portion extending diagonally across the bale. Each bale 
shall be bored but once, the first bale at the corner, the edges of the cut being at 
a distance of 1 in. from the edge of the bale. The second cut shall then be made 
half-way between the corner and the center of the bale; the third bale shall be 
cut at the center; the .fourth bale half-way between the center and the corner; and 
the fifth bale in the opposite corner in a position corresponding to the first. In 
case binding wires or straps interfere with the exact location of cuts, borings shall 
be made as near the prescribed location as possible. 

Roll pulp: 

(a) Number of rolls to be sampled: At least 10% of the lot, but not less than 
30 rolls. Where possible to determine, die same proportion of outside rolls to 
center rolls should be maintained as coming from the machine. 

(b) Details: The edge of the first hole shall be 2 in. from one end; holes in suc- 
ceeding rolls shall be spaced successively one-fifth of the distance across the roll 
as in bale sampling, traveling toward the opposite end of the roll. Selection of 
discs shall be in accordance with bale boring as given above. 
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Baled shredded pulp 

(a) Standard method using sampling tool The wet weight of the lot shall be 
obtained by weighing at least 2o% of the bales and preferably the entire shipment 
When the totil weight is to be determined by weighing a portion of the shipment 
select sound intact ind undamaged bales at regular inters als throughout the lot 
make a careful count of the total number of bales and calculate the total net 
weight from the average weight of bales weighed 

Take the sample by boring into the bale with the special tool (Crossley Sampln» 
Tool) to a depth of at least 4 in The entire sample shall be taken for drying 

The holes to lie bored shall be located so that in fi\e successive bales they will 
represent a portion extending diagonally across the side of the bale Bore each 
bale selected for sampling only once The first bale shall be bored at the corner 
of the bale the edge of the cut being at a distance of 2 in from the edge of the 
bale The second cut shall be made halfway between the corner and the center 
of the bale the third bile shall be cut at the center the fourth bale halfway be 
tween the center and the comer and the fifth bale in the opposite corner in a 
position corresponding to the first cut 

(b) Optional grab sample method (required in the case of shredded pulp with 
more than 50% moisture) Ten per cent of each shipment ie each tenth bale 
as it arrives at the plant of the purchaser shall be sampled The bales are num 
bered as they are chosen and each bale is weighed on accurate scales In rotation 
the bales are designated as A B C D and E then each bale is broken open by 
cutting the binding wires A grab sample of oOO g plus or minus 15 g shall be 
taken from a point in the bale according to ns general letter designation thus 

The A sample is taken at a point 4 in down 4 in from the edge and 4 in into 
the bale B sample is taken 8 in in each direction C sample 12 in D sample 
16 in and E sample 20 in 

Strip Method This is suitable for sampling (1) wet machine pulp not hydrauli 
tally pressed (2) unpressed lap pulp and (3) roll pulp All sample strips shall be 
the same width 

Wet machine pulp not hydraulically pressed 

Cut a strip 2 or 3 in wide through the center of the sheet across the machine 
direction Samples shall be taken throughout the lot and the frequency of sara 
pling shall provide at least one strip for each 2000 lb of wet pulp 

Lap pulp impressed 

"Cut a Tc or”bin strip fftrougli the center o't the Tap across fhe ma&inffciirnrtKra. 
(see tig 38 13) to a depth halfway through Samples shall be taken throughout the 
car lot and the frequency of sampling shall provide at least one sample for each 
2000 lb of wet pulp 

Roll pulp 

For roll pulp take a test strip of 2 or 3 in in width across the face of the roi 
from the second layer and 4 other similar strips from layers located at least l l ' ,,n 
or deeper from the outside layer 

Note— While the strip method is quite commonly used for sampling hydraihc P' css f' 
lap pulp tins method is known and has beer proved to give high results both b\ a/" 
lion of ratio of wet edge to dry center of sample compared with the ratio of \ et c ■» ^ 
dry center of total lap and by repeated actual tests comparing the sample so taten 
moisture tests on the whole lap 
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Wedge Method— This is suitable for sampling (1) lap pulp; (2) hydraulically 
pressed lap pulp; and (3) baled pulp in sheets when the bales can be conveniently 
opened. 

This method is admittedly accurate when followed in exact details. The prin- 
cipal objections to its adoption as the 
only standard for lap pulp are the prac- 
tical difficulties in getting nontechnical 
samplers to space the wedge cuts accu- 
rately. As an alternate method, the com- 
mittee recommends the following modified 
wedge method, which has been proved by 
experience to give results well within prac- 
tical limits of accuracy. 

The angle of the wedge shall be the same throughout as measured by a template. 

Lap pulp: 

For lap pulp a wedge sample shall be cut from every 2000 pounds wet weight 
when piled loose in the car, the center of the wedge to be at the center of the lap. 
Depth of cut: half through the lap. Positions of cuts: these shall start at the middle 
of the closed edge of the lap as the first position. Successive laps shall be cut 
going round clockwise as shown in Fig. 38-14. 


Fig. 38-14. Wedges from Laps. 

Hydraulically pressed bales: 

For hydraulically pressed bales it is convenient that the total number of bales 
sampled and weighed be a multiple of 20. The total number of bales weighed and 
sampled shall be at least 214% of large lots and 5% of small lots (less than 1000 
bales). From 20% of the bales sampled, withdraw the middle lap. From 40% 
of the bales sampled, withdraw the lap halfway between the outside and the cen- 
ter. From 35% of the bales sampled, withdraw the lap next to the outside. From 
5% of the bales sampled, withdraw the outside lap. 

Folded laps which are withdrawn from the outside of the bales shall be sampled 
on that side which formed the surface of the bale. 

Baled pulp sheets: 

For baled pulp sheets, the bales shall be sampled as for hydraulically pressed 
laps, using the first sheet below the wrapper as the outside layer. 

Precaution.— The accuracy of weight and moisture determinations is dependent 
upon the taking of representative samples. The latter should be drawn only from 
sound, intact, and undamaged bales and from different sections of the entire ship- 
ment. Bales previously sampled should not be considered as sound or intact. 
No unusual conditions should prevail in the selection of bales. 

Retests in Case of Dispute.— In case of dispute, a retest shall be made either by 
one approved analyst acting for and mutually agreed upon by both parties, or a 





(A) (B) 

Fig. 38-13. Strips from Unpressed Lap 
Pulp. 
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joint test shall be made by approved analysts representing both parties and mu 
tuallj agreed upon by them In case of a joint test both analysts or their author 
ized represen tames shall be present during the sampling and weighing and subse 
quent testing of samples but only one set of samples shall be obtained from the 
bales weighed and these samples shall be dried m an oven approved by both 
analysts Retests coming within 1% of the original air dry weight of pulp as 
m\o iced will be deemed to uphold the original invoice When retests shov. a 
greater variation than 1% adjustments shall be made upon the actual basis of such 
retest In all cases expenses incidental to the retest shall be paid by the party m 
error 

Retests shall not be made on pulp which has been unduly exposed to the weather 
or other unusual conditions of moisture or heat, except by special agreement be 
tween shipper and consignee 

Whenever possible in all cases of dispute, the shipment should be kept intact. 
In no case shall there be less than 50% of the lot presented for retest 

ASH IN PULP 

The ash content of pulp is defined as the residue remaining after ignition at 
575 ± 25®C (1067 ± 45 S F) for 3 hours, or longer if necessary to burn oil all the 
carbon It is a measure of mineral salts and inorganic foreign matter in the pulp 
but it is not necessanly quantitatively equal to them Pulp, like wood is ashed 
at lower temperature than is paper (925 e C), to minimize the volatilization of 
inorganic compounds This method is standardized as TAPPI T 211 m58 

Apparatus Crucible— A platinum crucible or dish with I id or cover is recom 
mended If platinum is not available silica may be used 

Analytical Balance —Having a sensitivity of 0 1 mg with class S weights 

Electric Muffle Furnace —Adjusted to maintain a temperature of 575 ± 25*C. 

Test Specimen -Obtain a representative sample of the pulp If from a ship- 
ment take a small portion from each bale sampled for weight and moutuie in 
accordance with T 210 m (p 1761) Weigh out a representative portion of the 
sample for ashing preferably m duplicate The size of the specimen required for 
eacli ash determination depends on its ash content and should be adjusted so that 
the weight of the ash will not be less than 10 mg and preferably not over 20 mg 
(see Table 38 2) If the amount of moisture in the sample is not known, determine 
it by drying a representative portion to constant weight at 105 ± 3‘C 

Table 38-2 Approximate Size of Specimen 
Percentage Ask Moisture-Fret Pulp, g. 

Over 0 5 5 

0 20 to 0 50 10 

012 to 0 20 20 

0 08 to 0 12 30 

0 04 to 0 08 40 

Less than 0 04 50 

Procedure .— Carefully clean the empty crucible and cover, if used, and ® 
constant weight tn a muffle furnace at 575 ± 25°C After ignition cool slig 1 * I 3 
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place in a desiccator, preferably containing indicating-grade, anhydrous alumina. 
When cooled to room temperature, weigh the ignited crucible on the analytical 
balance to the nearest 0.1 mg. 

If of a suitable size, place all the specimen in the crucible and burn the pulp 
directly over a low flame of a Bunsen burner (or preferably on the hearth of the 
furnace) until it is well carbonized. If the crucible is too small to hold the entire 
specimen, gently burn the portion added and add more as the flame subsides. Take 
care not to blow portions of the ash from the crucible. Continue heating with 
the burner only as long as the residue burns with a flame. When the flame has 
died down, place the crucible in die furnace at 575 ± 25 "C. for a period of at 
least 3 hours, or longer if needed to burn away all the carbon. 

When ignition is complete, as indicated by the absence of black particles, remove 
the crucible from the furnace, replace the cover and allow to cool somewhat. 
Then place in a desiccator and cool to room temperature. Reweigh with the ash 
to the nearest 0.1 mg. and calculate the percentage based on the moisture-free 
weight of the pulp. 

Report.— Report the ash as a percentage of die moisture-free pulp to two sig- 
nificant figures, or to only one figure if the ash is less than 0.1%. 

Precision.— The results of duplicate ash determination should be suspect if they 
differ by more than that indicated in Table 38-3. 

Table 38-3. Permissible Deviations Between Duplicates 

Weight of Maximum Permissible 
Ash, tng. Difference, mg. 

20-50 2 

5-20 1 

Less than 5 0.5 

Additional Information.— 1. The ash so obtained usually is not fused to the 
platinum dish and is easily dissolved in dilute hydrochloric acid. It may be used 
subsequently for the determination of its constituents, such as iron, copper, and 
calcium. 

2. Iron chlorides, if present, may be partially volatilized under the conditions 
specified. 

3. Since die ignition temperature affects the weight of ash, only values obtained 
at 575 ± 25°C. should be reported as being in accordance with this standard. 

4. A value for sulfated ash may be found useful. However, a carefully controlled 
procedure is required, and die result would not be in accordance with this standard. 

5. In this revision, the temperature of ignition has been specified at 575 ± 25°C., 
being the same as in TAPPI Standard T 15 m. Ash in Wood (p. 1738). 

ONE PER CENT CAUSTIC SODA SOLUBILITY OF PULP 

This method determines the resistance of a pulp sample to solution by hot 
dilute alkali. In general, the less the chemical degradation of pulp, the lower is 
its alkali solubility. The bulk of the material dissolved consists of pentosans and 
other carbohydrates which are less resistant to chemical action dian cellulose, and 
of cellulose which has been partially broken down during the process of prepara- 
tion. - These are the materials which in part make up the fractions known as beta- 
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and gamma cellulose when pulp is treated m the standard manner with 17 
NaOH solution A cooking or bleaching treatment which is too drastic causes 
a chemical degradation which gives an interior pulp deficient in such phjs cal 
properties as strength and opacity This degrad iti on is clearly shown by an 11 
crcisc in the percent ige ol ilka li soluble imternl I he test is particularly sensi 
tne to degr ulation resulting Irons the bleaching operation md the percentage 
soluble will show an increase before any serious loss of physical properties » 
apparent When die pulp his been overbleached enough to show a marked effect 
on its physical properties the amount of soluble material will show a marked i: 
crease often amounting to 50% of the original solubility Thus this test is a 
valuable conti ol test to detect when the cooking or bleaching processes are too 
drastic I his method is stindardized as TAPPI 1 212 m 54 

Apparatus —The water bull emplovecl m this determination must be so de 
signed is to ensure that the temper iture of the material during treatment is un 
family maintained at 97 to 100°C When a new bath is used the temperature 
of the material during the treatment should be rechecked The type of bath 
recommended is one which is covered and has holes in the top large enough so 
that beakers may be set down into the bath until they are supported by the flared 
rim Hie top of die beaker should be nearly level with the cover of the bith 
I lit sides of the beaker are entirely surrounded by boiling water or steam when 
tins type ol bath is used The height of the water in the bath should be m in 
tamed at a level above that of the liquid m the beakers 

Tall form 200 ml Pyrex beakers should be used Tritted glass crucibles (porosits 
3) ire recommended for filtering the treated pulp although alundum crucibles ol 
a similar porosity aie also suitable 

Reagent Caustic Soda Solution The 1 % NaOH solution (0 2o normal) u 
made by dissolving 10 g of solid NaOH in water and diluting to 1 liter Deter 
mine the N iOH content by turning with standard acid first using plienolphllnlu 
as an indicator then continuing the titration using methyl orange indicator The 
difference between the volume used for the phenol phthalein end point and that 
used for the methyl orange end point represents that consumed by half the 
i\a 2 C0 3 present By subtracting this difference from the volume used for the 
phenol phthalein end point the volume required to neutralize the NaOH n ob- 
tained and from this volume the NaOH concentration is calculated Plus shill 


then be adjusted to between 0 9 and 1 1% 

Test Sample— A sample which is representative of the pulp being tested shill 
be air dried and placed in an airtight container The moisture content shall bf 
determined by TAPPI Standard 210 m (p 1761) If the pulp is in the fonn of 
in iclune dried or pressed sheets which do not absorb liquid readily it should first 
be disintegrated to slush form in water then filtered into pads which arc driu 
without any pressing In this way the pulp is obtained in a form which rcidi 


disintegrates in the alkali solution 

Procedure —Accurately weigh on an analytical balance two samples of the 3t 
dried pulp each equal to 2 ± 0 1 g ol moisture free pulp 1 o each sample m 3 
till form 200 ml beaker add 100 ml of 1% NaOH solution measured with a 
Stir the pulp until it is completely disintegrated cover the beakers with watc^ 
glasses and place m the water bath which must be boiling steadily Lw'® ^ 
beakers in the bath for exactly 1 hour Stir the contents three times at ’ 
and 25 minutes after the beakers are placed in the bath At the end of the 0 
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period, filter the contents of each beaker by suction on a tared crucible. First wash 
the pulp briefly with hot water, then with 50 ml. of 10% acetic acid, and then 
wash thoroughly with hot water. Dry the crucible and contents at 105 ± 3°C., 
cool in a desiccator, and weigh in a stoppered weighing bottle. Calculate the loss 
in weight of the moisture-free sample. 

Report.— The result shall be reported as percentage of the moisture-free weight 
soluble in the NaOH solution. This value may be corrected, if desired, for hot- 
water solubility by subtracting from it the percentage of the moisture-free material 
soluble in hot water as determined by TAPPI Standard T 207 m (p. 1760). In this 
case the result shall be reported as “corrected.” 

Precision.— The results of duplicate tests should not vary by more than 5% of 
the average result, and by careful work the deviation can be kept below 2%. The 
results are usually somewhat higher than those obtained by the method previously 
used because with the old method of heating, the temperature of the material 
during treatment was often below 90°C. 

PERMANGANATE NUMBER OF PULP 43 

This method is adapted to the determination of the relative “hardness” or bleach- 
ability of pulp. It may be used upon all ordinary types and grades of chemical 
wood pulp (sulfite, soda, or sulfate) sampled in any condition of dryness and at 
any stage of processing. 

The permanganate number is, by definition, the number of milliliters of tenth 
normal potassium permanganate solution (0.1 N KMn0 4 ) absorbed by 1 g. of mois- 
ture-free pulp under certain specified and carefully controlled conditions. This 
method is standardized as TAPPI T 214 m-50. 

Apparatus. Mechanical Stirrer.— With a propeller- type agitator made of glass 
or other noncorrosive material. A propeller speed of 500 ± 100 r.p.m. with an 
agitator 1 in. in diameter is recommended. 

Reaction Beakers.— One or more 1000- or 1500-ml. white porcelain or white 
enamel-lined reaction beakers. Glass beakers of the same sizes may be used, but 
white-lined beakers are especially suitable for the titration in this method. 

Two Burets.— Preferably of 50-ml. capacity and graduated to 0.1 ml. 

Stopwatch or Timing Clock. 

Funnel and Filter Flask.-A small Buchner funnel and filter flask when slush 
pulps are being tested. 

Reagents. Potassium Permanganate Solution, 0.1 N .— Of exact or known 
strength, accurate to ±0.0005 N KMn0 4 . 

Sodium Thiosulfate Solution, 0.1 N .— Of exact or known strength, accurate to 
±0.0005 N NajjS.Og. 

Potassium Iodide Solution.-Approximately normal, 166 g. of KI per liter. The 
solution should not contain free iodine or iodate. The latter, if present, will 
liberate free iodine upon acidification of the solution. 

Sulfuric Acid, approximately 4 N. Add 112 ml. of c.f. concentrated H.,S0 4 
(94.5 to 96.5%,) to about 500 ml. of cold water and dilute to 1 liter at 20°C. 

Starch Indicator Solution.— Triturate 5 g. of arrowroot starch with a little cold 
watei and then add, with constant stirring, 1000 ml. of boiling water. Set aside 

« Wiles, R. H., Paper Tiade J„ 98, 34-35, March 15, 1934. 
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to cool and then decant or filter Add 2 ml of oil of cassia or chloroform as a 
preservative 


Note —With some staiches boiling the suspension for 1 minute and then coolm* 
rapidh has been found to increase the sharpness of the end point 6 

Do not use so called soluble starch for this purpose unless it passes the follou in- 
cest d ml of the soluble starch solution prepaied as above should gne a deep blue 
color when added to 100 ml of watei containing 0 Oo ml of \ iodine and should be 
come coloiless with the subsequent addition of OOo ml of 0 l A sodium thiosulfate 
Thvodene an indicator used in powder foitn gites a shaiper end point than most 
staiches and keeps indefinite!) 


Test Specimen— The test specimen shall consist of I ± 0 02 g of moisture free 
pulp accuratel) determined to the nearest 0 005 g It shall be representatne of 
the whole flow or lot of pulp sampled 

"While an) convenient and suitable method may be used to weigh or to measure 
out die pomon of the pulp sample used as the test specimen sufficient accuracy 
in weight usually cannot be obtained unless the moisture content of the sample n 
accurately determined on a separate portion and a quantity equivalent to 1 00 g 
of dry pulp weighed or measured out 

The following are examples of suitable methods of obtaining the test specimens 

1 If the pulp is sampled as slush or from wet laps dilute a portion containing 
from about 5 to 30 g of dry pulp to about 0 2% consistency with pure water 
While stirring \ igorouslv remove a volume equivalent to 1 or 2 g Accurately 
measure the volume in a graduated cylinder or weigh in a tared beaker to ±0ag 
then filter in a Buchner funnel using a filter paper which has previously been 
dried and weighed and dry in an oven at 100 to lQa°C to determine the actual 
moisture free weight of pulp m that volume Calculate the volume required to 
contain 1 00 g of moisture free pulp Measure out this portion after vigorous 
stirring to constitute die test specimen 

2 If the pulp is sampled from dry laps or from wet laps which have been air 
dried shred the portions mix together determine the moisture content on a por 
tion of the mixture then weigh out a quantity equal to 1 00 g of moisture free 
pulp Disintegrate it for convenience in the reaction beaker with about oO ml of 
water if a glass rod is used for disintegration or if a lugh speed stirrer is available 
use about 400 ml of water 


Procedure —Always adjust the reaction mixture at the commencement of the 
test to 0 00333 ± 0 0001 A in KMn0 4 and 0 133 ± 0 005 N in H„S0 4 equal vo! 
times of 0 I A r RMn0 4 and 4 A H«S0 4 being diluted with the required amount of 
water to gne this concentration This is accomplished as follows 
For pulps containing little ligntn and which have a permanganate number no 
greater than 20 use 25 0 ml of 0 1 N KMn0 4 25 ± 1 ml of 4 A r H 2 S0 4 and 700 
ml of water (including any with the pulp specimen) to give a total '°^ uine ° 
750 ml For pulps of high lignin conteut and which have a permanganate num 
greater thin 20 when 25 ml of KMn0 4 are employed use 40 ml of 0 1 A FMn * 
40 ± 1 ml of 4 N H„S0 4 and 1120 ml of water to give a total volume of 1200 in 
If the observed permanganate number is above 35, the results should be report 
as over 35 or an increased volume of KMn0 4 should be used and the con ltlons 
employed for the determination stated 

If because of exceptional circumstances it is necessary to use quantities^ 
kMn0 4 other than those given above report the actual volume used In * 
however, use the same volume of 4 V H 2 S0 4 as of 0 1 A T kWn0 4 and a 
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necessary quantity of distilled water required to dilute the mixture to AY300 in 
KMn0 4 . 

Accurately measure the desired amount of 0.1 N KMn0 4 into a small beaker. 
Measure a like amount of 4 N H 2 S0 4 into another beaker of suitable size or into a 
graduated cylinder. Calculate the quantity of water which will be required to 
dilute the mixture to 2V/300 in KMn0 4 and add this amount, less the volume in 
which the test specimen is suspended, to the vessel containing the H 2 S0 4 . Adjust 
the temperature, if necessary, so that the mixture of all components will be at 
25 ± 1°C. In locations where the temperature of die contents might vary from 
the prescribed limits, a constant-temperature bath is recommended for holding the 
beaker during the reaction period. Place the pulp specimen in the reaction beaker 
under the stirrer and add the H 2 S0 4 -water mixture to it, reserving a few milliliters 
of the mixture for rinsing out the permanganate beaker. Start the stirrer and 
quickly add the measured amount of KMn0 4 . Start the stopwatch, then quickly 
rinse the beaker and add to the reaction mixture. 

Allow the reaction to continue for 5 minutes ±10 seconds from the time the 
KMn0 4 was added. Then stop the reaction by adding 5 ml. of KI solution to die 
mixture and stop the stirrer. 

Note.— If desired, the KMn0 4 may be added directly to the acidified pulp suspension 
by means of a calibrated pipet having a delivery time of less than 20 seconds. The effec- 
ti\e reaction time of 5 minutes ± 10 seconds should then be measured from the middle 
of the pipet delivery period. 

The excess KMn0 4 is immediately reacted upon by the KI when the latter is 
added, releasing free iodine equivalent to the amount of KMn0 4 remaining. 
Titrate this free I with the 0.1 N Na 2 S 2 0 3 solution in the reaction beaker without 
filtering out the fibers, adding a few drops of starch indicator near the end of the 
titration. 

Subtract the number of milliliters of 0.1 N Na 2 S.,0 3 used in the back-titration 
from the number of milliliters of 0.1 N KMn0 4 originally added to the mixture 
and divide the difference by the moisture-free weight of the test specimen to obtain 
the permanganate number. 

Report.— Report to the nearest 0.1 ml. the number of milliliters of 0.1 h T ICMn0 4 
consumed by 1 g. of moisture-free pulp as the permanganate number. 

Precision.— Complete duplicate tests, including sampling, are expected to agree 
within 0.5. Duplicate tests on a single sample should agree within 0.1. 

Additional Information. Conversion to Equivalent Bleach Consumption.— When 
this test is used for sulfite pulps, the equivalent bleach consumption, i.e., the grams 
of Cl absorbed per 100 g. of moisture-free pulp, may be calculated. The permanga- 
nate number as determined is multiplied by 0.355 and the product is divided by 
a factor (Table 38-4). The number obtained is about the number of grams of Cl 
in the form of calcium hypochlorite solution necessary to bleach 100 g. of dry pulp 
in a single-stage operation. This number again multiplied by 2.86 gives the same 
information in terms of percentage of 35% bleaching powder. The exact conversion 
factors depend upon the character of the pulp and upon the particular type of 
bleaching process used— for example, alkaline pulps usually require higher factors 
than those for sulfite pulp which are given in Table 38-4. For accurate conversion 
it is necessary' to obtain the factors experimentally. 

Approximate conversion is possible between this permanganate number and the 
figures obtained by various other permanganate, chlorine, and bleach-consumption 
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Table 38 4 Approximate Conversion of Permancanate Number 
to Equivalent Bleach Consumption (Applicable to Sulfite Pulp) 




Percentage 



Percentage 

Permatt 


Bleach Con 

Perman- 


Bleach Con 

ganate 


sumption as 

ganate 


sumpt on as 

A umber 

Factor 

Chlorine 

Number 

Factor 

Chlorine 

1 

0 818 

0 43 

21 

0 664 

1121 

2 

0 810 

0 88 

22 

0 656 

11 90 

3 

0 802 

1 33 

23 

0 648 

1260 

4 

0 794 

1 79 

24 

0 641 

13 27 

5 

0 786 

2 26 

25 

0 634 

14 00 

6 

0 778 

2 74 

26 

0 626 

14 73 

7 

0 770 

3 23 

27 

0618 

15 50 

8 

0 762 

3 72 

28 

0 611 

16 25 

9 

0 755 

4 24 

29 

0 604 

17 05 

10 

0 747 

4 75 

30 

0 596 

17 85 

11 

0 739 

5 29 

31 

0 589 

18 70 

12 

0 732 

5 82 

32 

0 582 

19 50 

13 

0 724 

6 39 

33 

0 574 

2040 

14 

0 716 

6 94 

34 

0 567 

21 25 

15 

0 709 

7 52 

35 

0 560 

2215 

16 

0 702 

8 10 

36 

0 552 

2310 

17 

0 694 

8 70 

37 

0 545 

24 10 

18 

0 686 

9 31 

38 

0 538 

25 05 

19 

0 679 

9 94 

39 

0 531 

26 05 

20 

0 672 

10 56 

40 

0 522 

27 20 


„ ... . , Permanganate number X 0 355 

Percentage bleach consumption as chlorine = Factor 

methods frequently used in the industry Exact comersion crn be reliably obtained 
only when the two or more methods in question are applied to pulp of very Sim hr 
character as to species source of wood and nature of the pulping and other 
treatments 


COPPER NUMBER OF PULP 
TAPPI METHOD 

This method is suitable for all pulps although its principal use is In the eialua 
tion of pulps free from unbleached grounduood or other highly lignified en 
This method is standardized as TAPPI T 215 m 50 h 

Apparatus— The special apparatus required for this test is (1) a grinder " ^ 
will completely disintegrate the pulp without heating or contaminating it * 
(2) a steam or oil hath which can be maintained at 100°C The grinder shal 2 z 
koerner type or its equivalent 

Reagents Copper Sulfate Solution —Dissolve 100 g of copper sulfate ( u * 
5H^O) in water and dilute to 1 liter J[a jj 

Carbonate Bicarbonate Solution —Dissolve 350 g of sodium carbonate cry 
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(Na.,COg • 10H 2 O) or 129 g. of anhydrous Na 2 C0 3 , and 50 g. of sodium bicarbonate 
(NaHC0 3 ) in water and dilute to 1 liter. 

Molybdophosphoric Acid.— Dissolve 100 g. of sodium molybdate (Na 2 Mo0 4 -H 2 0) 
and 75 ml. of phosphoric acid (83%) in a mixture of 275 ml. of concentrated H 2 S0 4 
and 1.75 1. of water. 

Sodium Carbonate Solution.— An approximately 5% solution of Na 2 C0 3 in water. 

0.05 N Potassium Permanganate Solution. — 1.5815 g. of KMn0 4 per liter. 

Test Specimen .— The specimen for test shall be cut from the test sample in such 
a way as to be thoroughly representative of it, and shall be completely disintegrated 
in the grinder. 

Procedure— Allow the specimen to come to moisture equilibrium with the atmos- 
phere of the balance. Weigh about 1.5 g. (to nearest 10 mg.) of the ground pulp. 
Weigh at the same time samples for moisture and ash determinations which shall 
be made by standard methods. 

Immediately before use add 5.0 ml. of copper sullate solution to 95 ml. of car- 
bonate-bicarbonate solution. Bring the mixture to a boil in 2 minutes and pour 
it o\er 1.5 g. of the ground sample in a 125-ml. Erlenmeyer flask. Stir well with a 
glass rod in order to distribute the fibers and to remove air bubbles. Fit the flask 
with a loosely fitting glass bulb or stopper and submerge completely in a steam 
bath at atmospheric pressure. Occasionally fibers tend to float to the surface; 
therefore, the flask should be shaken trom time to time to redistribute them. 
Remove the flask from the steam bath at the end of 3 hours. Filter on an ashless 
filter paper in a 7.5 cm. Buchner funnel, using suction. Wash by flooding with 
100 ml. of 5% Na 2 C0 3 solution at about 20°C. and then by flooding with 250 ml. 
of hot water (about 95°C.), discarding the filtrates. Transfer the fibers and filter 
paper to a small beaker, add 25 ml. of molybdophosphoric acid and macerate well 
with a flattened glass rod. Transfer to a Buchner funnel again and wash thor- 
oughly with cold water until the blue molybdenum color is removed from the 
fibers. Dilute the filtrate with water to approximately 700 ml. and titrate it with 
0.05 N KMn0 4 to a faint pink. 

Noth.— The amount of copper sulfate solution given above is sufficient for a copper 
number not greater than approximately 6, and this figuic is seldom exceeded except in 
pulps containing highly lignified fibeis such as grounchvood, or in pulps which have de- 
teriorated considerably. If the copper number exceeds 6, increase the amount of this 
solution to 10 ml. and the amount of molybdophosphoric acid to 50 ml., or as much as 
ma) be necessary, retaining the ratio between the solutions. 

Calculation.— The copper number is defined as the number of grams of metallic 
Cu in the Cu 2 0 resulting from the reduction of the CuS0 4 by 100 g. of the pulp 
fibers. This is calculated by the formula 

6.36 X ml. KMnOj X N 

Copper number = — , 

1 P W 

where A’ j s the normality of the KMn0 4 and IF is the weight in grams of the test 
specimen after deduction of the weight of the nonfibrous materials. Correction of 
the weight of the test specimen shall always be made for moisture and ash. 
Correction for other nonfibrous components shall be made whenever they are 
present in significant amounts. Not less than two determinations shall be made, 
and the average of the results, rounded off to the nearest 0.1, shall be reported. 
Duplicate determinations should agree within 0.2. 
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Report —The copper number shall be reported to one decimal place on the bass 
of total fiber content 

Additional Information —This method is essentially the Braidy 44 modification of 
the original Schwalbe 45 method with modifications for its adaptation to paper 
proposed by Scribner and Erode 48 and by Burton and Rasch 47 

This method has been adopted as part of the official Swedish method CCA3 bv 
the Analysis Committee of the Central Liboratory of the Cellulose Industry 48 The 
Swedish method includes also as an alternative procedure the Haqglund method 
which is described below The latter is much quicker and is suitable for routine 
control but results are somewhat different from those obtained by this method 

HAGGLUND METHOD 

Reagents Copper Sulfate Solution— Dissolve 60 g of CuS0 4 5H,0 tn water 
and dilute to 1 liter 

Tartrate Solution —Dissolve 200 g of sodium potassium tartrate (NaKC 4 H 4 0j) 
and 100 g of NaOH m water and dilute to 1 liter 
Ferric Sulfate Solution —Dissolve d 0 g of anhvdrous Fe (S0 4 ) 3 in 200 g (109 ml) 
of concentrated H S0 4 (sp gr 1 84) md dilute with water to 1 liter Before 
using the solution add 0 1 A KMn0 4 drop by drop until the color after strong 
is faintly pink 

Potassium Permanganate Solution 0 1 N accurately standardized 
Procedure —\\ e lgh about 1 g (to the nearest 10 mg) of the pulp simple ol 
known moisture content and place in a 150 ml beaker Heat to boiling a m xiure 
of 20 ml of copper sulfate solution and 20 ml of tartrate solution Add the bol 
ing mixture to the pulp and boil vigorously for exactly 3 minutes timed with a 
stop watch Filter thiough an 8 cm Buchner funnel on an oshlcss filter paper aid 
wash with 500 ml of hot distilled water (at about 9o°C) and then with 2o0 ml 
of cool water Discard the filtrate 

Irmsfcr the filter paper containing the pulp to the original beaker which has 
been washed out and add 25 ml of the ferric sulfate solution Stir with a glass 
rod and again filter on a new filter paper collecting the filtrate m a clean suctio 
flask Wash the pulp on the filter first with 2o ml of ferric sullate solution aid 
then with 500 ml of distilled water Titrate the filtrate with 0 1 A Iv\ln0 4 to a 
faint pink color and calculate the copper number of the pulp Results should 
be reported as Hagglund copper number 

PENTOSANS IN PULP 43 60 

By tins method a specimen of the pulp is treated with hot hydrochloric acid 
(12%) to hydrolyze Lhe pentosans to pentoses which are then dehydrated to furfural 

44 Chbbens D and Geakc \ J Text Inst 15, T3I 1924 

4 Schv albe C Die Cliemie der Cellulose p 62a 1912 , 

40 Scribner B \\ and Brode 1\ R Technologic I aper No 354 National Bureau 
Standards . 

47 Burton J O and Rasch R H J Research Natl Bureau Standards R I 29a P r 
1931 Includes an illustrated description of the koerner type of e nnder « 

48 S\ensk Papperstidnmg 46 528 Nov 30 1943 See also Papier Tabr Merkblatt 

49 Johanson Axel Svensk Papperstidnmg 55, 820-28 Nov 15 19o2 (Article in English) 
Hughes E E and Acrec S T J Research NCS 21, 329 1938 
at Tumsseu Pieter H \ml Ciein 21, C20 1919 
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The furfural is distilled, collected, and analyzed by one of two methods. If the 
sample contains less dian 10% pentosans, an aliquot of the distillate is treated 
with aniline acetate, 52 ' 53 and the color allowed to develop. The transmittance of 
the solution is measured at 520 m n, and the furfural determined from a graph of 
leadings of solutions containing known amounts. If the sample contains 10% 
or more of pentosans, the furfural in the distillate is determined by a volumetric 
bromination procedure. This method is standardized as TAPPI T 223 m-58. 



Apparatus. Distillation Apparatus.— Consisting of a 500-ml. standard taper 24/40 
two-neck round-bottom flask, or a three-neck flask as shown in Fig. 38-15, with the 
center opening closed by a stopper firmly wired in place. The flask is heated 
either with a heating mantle controlled by a variable transformer, or with a gas 
burner. One opening of the flask contains a 500-ml. standard-taper 24/40 dropping 
funnel graduated at 50-ml. intervals; the other contains a three-way, 75° connecting 
tube, with two standard-taper 24/40 interjoints to fit both the round-bottom flask 
and a suitable condenser, and also with a standard-taper 10/30 opening at the top, 
in which a thermometer, covering the range 100 to 120°C., may be placed if desired. 
To the lower end of the condenser is fitted an adapter with its lower end drawn 
out so that it will pass through one hole of a two-hole rubber stopper in the mouth 
of a 500- or 1000-ml. receiving bottle or flask, standing in an ice bath. The larger 
size is desirable for the volumetric method. Through the other hole of the stopper 
passes a U-shaped trap containing a few beads and a little water. 

Standard-taper glassware rather than glass tubing and rubber stoppers should be 
used for the distilling flask so as not to restrict the flow of vapor from the flask 
into the condenser. 

5= Adams, G. A., and Castagne, A. E., Can. J. Research, Sec. B, 26, 314, March, 1948. 

•'' 3 Stillings, R. A., and Browning, B. L., Inch Eng. Client., Anal. Ech, 12, 499, Sept., 1940. 



ANALYSIS OF PULP 


1777 


Starch Solution, 5% (or Thiodene). 

Test Specimen— Obtain a representative sample weighing at least 4 g. so that 
there is enough for a duplicate determination. Reduce the sample to an open 
flufTy form by tearing apart by hand; then thoroughly mix. 

Procedure. Distillation.— Allow the sample to come to moisture equilibrium with 
the atmosphere. Weigh to the nearest milligram a 1-g. test specimen and at the 
same time a specimen for a moisture determination. 

Note.— If pentosans are to be determined colorimetricall) : for an expected pentosan 
content of 2% or less, weigh out a 1-g. specimen; for an expected pentosan content of 
2 to 10% or over, reduce the weight ol the specimen approximately in proportion. 

Place the specimen in the distilling flask and add 100 ml. of diluted HC1, wash- 
ing all the fibers to the bottom. Mark the flask to indicate the liquid level. Place 
a few beads in the flask and insert the distilling head and dropping funnel. Add 
300 ml. of diluted HC1 to the dropping funnel. 

Place the distillate receiver in an ice bath to prevent the escape of furfural and 
add a little distilled water to the trap. Heat the distilling flask. 

Distill for 90 minutes from the beginning of the distillation at a rate of approxi- 
mately 50 ml. every 15 minutes, and collect 300 ml. of the distillate in the receiving 
flask in that time. (The temperature of the vapor should be 105 to 110°C.) While 
distillation is proceeding, adjust the stopcock in the dropping funnel so that acid 
is added at such a rate as to maintain the original 100 ml. level in the flask. 

After distillation, use the Colorimetric Method if the expected pentosan content 
is less than 10%, and the Volumetric Method if the expected pentosan content is 
10% or more. 

Colorimetric Determination of Pentosans. Calibration of Colorimeter — Weigh 
0.500 ± 0.001 g. of pure furfural from a weighing bottle into a 1-liter volumetric 
flask, and dilute to the mark at 20°C. Pipet volumes of 1, 2, 5, 10, 15, 20, 25, and 
30 ml. of this solution into separate 1-liter volumetric flasks at 20°C. and dilute 
with NaCl solution to obtain solutions containing 0.5, 1.0, 2.5, 5.0, 7.5, 10.0, 12.5, 
and 15.0 mg. of furfural per liter. 

Pipet 20-ml. aliquots of these prepared solutions into the 100-ml. stoppered 
volumetric flasks. Prepare a blank using 25 ml. NaCl solution without furfural. 
Adjust the solutions to 20 ± 1°C. Add 20 ml. of the stabilizer solution to each 
flask and pipet into each, at 5-minute intervals, 50 ml. of the freshly prepared 
aniline acetate reagent. 

Note— The aniline acetate reagent is added to the flasks at successive 5-minute intervals 
so as to measure the transmittance of each solution after a reaction time of exactly 30 
minutes. 

Dilute to the 100-ml. mark with water at 20°C., stopper, and mix well by shaking 
each flask a minimum of 25 times. 

Place the solutions in a bath at 20 ± 1°C., let each stand for 30 minutes from 
the time the aniline acetate reagent was added, then measure the transmittance of 
each at 520 m/t. On semilog paper plot the percentage transmittance against the 
weight of furfural in milligrams. The actual weights in each of the 100-ml. flasks 
are 0.01, 0.02, 0.05, 0.10, 0.15, 0.20, 0.25, and 0.30 mg., respectively. 



1778 PAPER, WOOD, AND PULP 

Note -The calibration curve should be spot checked occasional!) prior to usin'* because 
o! possible changes m the characteristics ot the photometei 

Pentosans m Distillate from Specimen —During the distillation period adjust the 
other reagents and distilled water to a temperature of 20 ± l'C 

When distillation is complete remote the stopper from the receiter and, with 2 
stream of stater from the wash bottle, stash the contents of the trap md the 
adapter into it Transfer the contents of the receiter to a 1 liter solumetric flask 
rinsing out the receiter into the flask with a couple of small portions of stater 
Dilute the distillate and rinsings to the 1 liter mark at 20°C and mix well 
a pipet transfer to a 100 ml beaker a 20 ml or other aliquot Add 1 drop of 
plienolphthalein and neutralize with 24% NaOH solution from the 10 ml 
Mohr pipet ot buret with the bead valve Record the volume to the nearest 
0 1 ml 

Note— A djust the size ot the aliquot to the pentosan content of the pulp sample and 
the cell length of the colonmetei 

Pipet a second 20 ml (or other) aliquot to a 100 ml volumetric flask hating a Ion 
actinic transmission Add the same volume of sodium hydroxide solution found 
necessary to neutralize its acidity and in addition 20 ml of the stabilizer solution 
measured in a graduate Place the flask in the water bath at 20 ± 1°C Prepare a 
blank by adding 25 ml of NaCl solution and 20 ml of the stabilizer solution to 
another 100 ml low actinic volumetric flask and place it in the bath 

Notf— If daik flasks are noi nailable for this purpose piotect the solutions from 
strong light 

Pipet 50 ml of the freshly made aniline acetate reagent to the flask containing 
a specimen Dilute each solution to the mark with water, stopper and mix well 
Allow the solutions to stand at 20°C for 30 ± 2 minutes to allow the color to 
develop At the end of 30 minutes, set the instrument at 100% transmittance with 
the blank in the usual way, then in turn transfer each of the specimen solutions 
to the cell after having first rinsed the cell with the solution Measure and record 
the transmittance 

NoTr —Oilier volatilt substances such as hydrowlmethy I furfural have a negligible 
effect on the transmuiance 

Calculations —The ratio C 0 H 8 0 4 /C g H 4 0 2 expresses the theoretical ratio of pento- 
san to furfural This theoretical ratio is numerically 132/96 = 1 38 but an em 
pineal factor of 1 56 or 1 58 54 should be used instead going a furfural yield of 
(1 38/1 58) X 100. 87 5% of the theoretical yield Correcting for incomplete con 
version, the formula becomes 

„ mg furfural found from the curve X 1 58 X 50 X 1^0 

Percentage pentosans 

1000 X wt of air-dry specimen in grams 

79 X mg furf ural 

wt specimen (100 — % H 2 O )/100 

54Launer,H f, and Wilson W K J Research NBS 22 , 4 / 1 , Apr , 1939 
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Example— Moisture in the conditioned sample, previously determined = 4.86%. 

Specimen weight = 1 .005 grams 
Transmittance = 71.4 
Milligrams of furfural from curve = 0.086 
7.9 X 0.086 

P “ ,OSa “ * 1.005 X (i00‘- 4.86)/100 “ °' 7,% 

Volumetric Determination of Pentosans.— Transfer the condensate, including that 
in the trap, to the 1-liter glass-stoppered flask or bottle and add 50 ml., less the 
volume of liquid in the trap, of water. Add 250 g. of the crushed special ice. After 
the temperature of the mixture has fallen to 0°C. or lower, gently add 20 ml. of 
0.2 N bromate-bromide from a pipet with minimum agitation, close the flask or 
bottle promptly with its ground-glass stopper, shake well, and let stand for exactly 
5 minutes. The temperature should still be 0°C. or lower. Remove the stopper, 
add 10 ml. of 10% KI solution from a small graduate, and replace the stopper as 
quickly as possible. Shake the mixture thoroughly to allow absorption of the 
bromine vapor, then titrate with 0.1 N thiosulfate until colorless, using starch 
indicator toward the end of the titration. 

Make a blank titration in exactly the same manner, using all reagents, including 
the ice, except starting with 270 ml. of 3.5 N HC1, diluted to 350 ml., instead of 
300 ml. of condensate plus 50 ml. of water. 

Calculations. 


Pcntosan! , (Z 

where N = normality of the thiosulfate solution 

V\ = volume of thiosulfate solution used in the test 
V -2 = volume of thiosulfate solution used in the blank 
W = weight of the moisture-free specimen. 

The factor 7.58 is the product of 0.048 X 1-58 X 100, where 0.048 is the weight of 
furfural in grams corresponding to 1 ml. of N thiosulfate, and 1.58 is an empirical 
factor for converting furfural to pentosans: 1.1 is subtracted to compensate for the 
hydroxymethylfurfural normally found in wood cellulose. 55 For cotton cellulose, 
the figure is very small: 0.2. 

Report.— Report the pentosans as a percentage of the moisture-free pulp to the 
nearest 0.1%. Single determinations may be satisfactory for routine samples, but 
make duplicate determinations for special samples. If duplicate tests do not agree 
to within 5% of each other or to within 0.1%, repeat the determination. 


so Adams, G. A., and Castagne, A. E., Can. J. Research, Sec. B, 26, 314, March, 1948. 
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volume of 500 ml., to a 1-liter tooled neck bottle (see Fig. 38-16) equipped with a 
rubber stopper carrying two glass tubes, of which one (A) is straight and extends 
to within approximately 5 cm. of the bottom of the bottle, and the other has two 
right-angle bends ( B and C) and extends just through the rubber stopper. One 
of the side tubes (B or C) is connected to a suction source and the other to the 
nitrogen supply. 

Wire down the rubber stopper, exhaust the air with a laboratory water pump, 
and refill the bottle with nitrogen at 2 pounds pressure three separate times. The 
rubber tubes and pinch clamps attached to the glass 
tubes of the solution bottle, as shown in Fig. 38-16, 
are used for this purpose. Draw a partial vacuum 
on the bottle and add 160 ml. of 70% ethylenedia- 
mine, taking care that no air enters the bottle. 

This is accomplished by inserting a funnel in the 
rubber tube attached to the longer glass tube of 
the solution bottle and opening the pinch clamp 
just enough to allow the ethylenediamine to be 
drawn into the bottle. Since considerable heat is 
evolved at this point, it is desirable to keep cold 
water running over the bottle during the initial 
phase of the reaction. After the addition of the 
ethylenediamine, the gas over the liquid should be 
alternately evacuated and flushed three times with 
nitrogen at 2 pounds pressure. 

With the pinchcocks closed, place the bottle and 
contents on a rotary shaker travelling from 5 to 
10 r.p.m. and rotate for 12 to 16 hours. Then 
remove the bottle and allow to stand for at least 
8 hours to thoroughly settle the excess Cu(OH)„ 
sludge. 

If a rotary shaker is not available, shake the con- 
tents of the bottle several times during the course 
of an hour, and then let stand 12 to 16 hours. A clear supernatant liquor will 
usually be obtained, but if desired, the solution may be filtered through a Type 
C Corning fritted-glass Buchner funnel, using suction, and again stored under 
nitrogen. 

Standardization of Cu(En) 2 Solution. -Copper. Remove a 25-ml. sample of the 
clear liquor by means of a pipet and dilute to 250 ml. in a voluemtric flask. Pipet 
out a 25-ml. aliquot, add approximately 3 g. of Kl, acidify with 50 ml. of 4 N 
H.,S0 4 , and titrate with 0 1 N thiosulfate solution to the starch end point. Add 
10 ml. of 20% NH 4 CNS solution just before the end point is reached, to intensify 
it. Multiply the milliliters of thiosulfate required by 0.04 to obtain the molarity 
of the original solution in copper. 

Ethylenediamine. Take another 25-ml. aliquot of the diluted solution, add about 
/5 ml. of distilled water and 2 drops of methyl orange indicator, and titrate with 
standard 1.0 N acid solution to a faint pink coloration. The color change of the 
solution during the titration passes from dark blue to light blue to slate grey, and 
finally develops a pink tinge. Multiply the milliliters of 1.0 N acid required by 
0.4 to obtain the alkalinity in hydrogen ion equivalents. 



Fig. 38-16. Solution or Stock 
Bottle for Cu(En) 2 Viscosity 
Solvent. 
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Calibration: Standard-viscosity oil obtained from the National Bureau of Stand- 
ards in the desired viscosity range is used for calibration. 58 When these pipets are 
calibrated with the standard oil and used in the recommended viscosity range, 
there is no appreciable kinetic energy correction necessary, and other viscometer 
errors such as loading, drainage, surface tension, etc., are negligible. 

The pipet constant C is calculated from the formula: 

where V = viscosity in centipoises, 
d = density of the solution, 

t = time in seconds for meniscus to pass between the two etched lines around 
capillary, 

and C = pipet constant. 

The constant C is determined with the use of standard-viscosity oil of known 
viscosity and density at 25°C. in the recommended range as follows: 

Load the viscometer in an inverted vertical position 
with the capillary side submerged in the standard oil. 

Then apply suction to the other arm of the instrument 
and fill both small bulbs on the capillary arm with the 
oil. Bring the liquid into the working capillary to the 
etched mark. After filling the pipet, rotate it to its 
normal vertical position and place in a constant-tem- 
perature water bath held at 25±0.1°C. The liquid 
will drain into the lower reservoir during the time re- 
quired for it to attain the bath temperature. When 
this temperature is reached (in approximately 5 min- 
utes), determine the efflux time by drawing the liquid 
above the mark between the two bulbs and measuring 
the time required for the meniscus to pass from the 
maik between the two bulbs to the mark below the 
lower bulb. Run at least two determinations. The 
pipet constant is obtained by dividing the known vis- 
cosity of the oil by the product of its density and efflux 
time. 

Dissolving Tube.— The glass dissolving tube used for 
dissolving the pulp samples is shown in Fig. 38-17. The 
stirrer consists of an electrolytic-copper rod approxi- 
mately in. in diameter, bent as shown in Fig. 38-17. 

The dissolving tubes may be purchased from supplieis of scientific apparatus. Those 
made by the Scientific Glass Apparatus Company, Bloomfield, New Jersey, have been 
found satisfactory. The copper rod is conveniently made fiom No. 7 or No. 8 B. & S. 
gage copper wire after removing any insulation. 

Reagent. Cupriethylenediamine Solution.— A solution 0.5 M in copper is re- 
quired. 

Procedure .— Weigh out an amount of air-dry pulp equivalent to 0.125 g. of 
moisture-free pulp and place in the dissolving tube. (This is calculated by deter- 
mining the moisture on a separate portion.) Then add 25 ml. of Cu(En) 2 (0.500 M 

58 Calibrated viscosity pipets may be pu: chased from laboratory supply houses, if desiied. 
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In determining the viscosity of an unknown Cu(En) 2 cellulose solution, however, 
the equation is: 


V = Kt'(D - d !) ; 


( 2 ) 


where V = viscosity of unknown solution, 

t' = time of fall of aluminum ball through unknown solution, 
and d' = density of Cu(En )2 cellulose solution at 25.0°G. = 1.052. 

Then, from equation (1): 


V(D- 1.052) 
t(D - d ) 


(3) 


where 


V(D - 1.052) 
f(D - a) 


C, the tube constant for solutions of cellulose in Cu(En) 2 . 


Reagents. Cupriethylenediamine Solutions.— Two solutions are required: one 
0.167 ± 0.003 M in copper, the other 1.0 ± 0.005 M in copper. 

Dissolving the Sample .— When certain types of cellulose, especially those with a 
high viscosity, are dispersed in 0.5 M Cu(En) 2 , there is a tendency toward surface 
gelatinization of the sample, leading to incomplete dispersion. To overcome this, 
it has been found desirable to wet the cellulose sample with the proper amount 
of weaker (0.167 M) solution. The correct amount of the stronger (1.0 M) solu- 
tion is then added to bring the solvent to 0.5 copper molarity. 

To determine the amount of each solution to be added, the following equations 
are used: 


60 W 
P 

40 JV 


= ml. of 0.167 Cu(En )2 solution, and 
= ml. of 1.00 Cu(En) 2 solution; 


where W — weight of moisture-free sample in grams, 
and P = cellulose concentration in per cent. 


It has been found that when the time of fall of the ball in a Cu(En) 0 cellulose 
solution is less than 10 seconds or more than 30 to 40 seconds, the resulting vis- 
cosity may be in error. When the time of fall is 10 seconds or less, an error of 0.1 
second in timing the falling ball will give an error in the viscosity figure of 1% 
or more. If the time of fall of one ball is much greater than 30 seconds, the total 
time required to obtain check results on two or more balls and to determine the 
temperature will be so great that temperature fluctuations may occur. Under such 
conditions the concentration of cellulose should be changed to more or less than 
1% to keep the time of fall in a range greater than 10 seconds and less than 30 
seconds. The following relationship between viscosity and time of fall for pulps 
of varying viscosities gives the approximate concentration at which pulps of such 
viscosities should be run: 
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Cupnethy lenediamtne 


Viscosity, 

Cellulose 

Concentration, 

Moisture- 
Free Sample, 

0 167 M, 

100M, 

Centipoises 

Per cent 

Gram 

Ml 

Ml 

18 to 25 

2 50 

0 6250 

15 00 

1000 

25 to 45 

2 00 

5000 

15 00 

1000 

45 to 90 

1 50 

3750 

15 00 

1000 

70 to 150 

1 25 

3125 

15 00 

10 00 

120 to 400 

1 00 

2500 

15 00 

1000 

350 to 1600 

0 75 

1875 

15 00 

1000 

1000 or more 

0 60 

1500 

15 00 

1000 


Make a preliminary determination on a 1% dispersion of the pulp sample miht 
Gu(En) 2 as described below under Procedure Then from the aboie table select 
and neigh out the amount of sample necessary to give the proper cellulose ton 
centMtion for the final determination 

Procedure —Connect the bottles containing die two Cu(En) 2 solutions to 23ml 
side arm Mohr burets Fill the burets by maintaining a 2 pound nitrogen prawre 
on die bottles Add the calculated amount of 0 167 M solution to the dissolung 
bottle taking care that the pulp sample is thoroughly wetted Then add die 
proper amount of the 1 00 M solution sweep the bottle out with a stream of m 
trogen for at least 15 seconds and quickly screw on the cap 

Note— The nitrogen is supplied through a verticil 5 mm glass tube the upper end ol 
which is connected to a nitrogen cvlmder with a i educing valve set at approximate!! 2 
pounds per square inch pressure The dissolving bottle is swept free of air b) adjusting 
it to the glass tube in such a wav that the lower end of the tube extends just bclo\ the 
neck the bottle is then tipped and slowly rotated so that the nitrogen stream sweeps out 
the surface of the liquid at all comers of the bottle The bottle cap should be hcllii 
such a position that the nitrogen escaping |rom the bottle will sweep out the inter or 
of the cap 

Shake the solution bottle by hand or on a machine for exactly 3 minutes to da 
perse the cellulose completely A convenient and satisfactory machine shaker main 
tains approximately 200 shaking cycles per minute with a 3 to 4 inch ampbw e 
At the end of this shaking time place the solution bottle on its side for 2 minutes 
to allow the large bubbles formed during shaking to escape Then pour l ^ e 50 u 
tion carefully into the viscosity tube (If this is done too rapidly, bubbles may e 
formed which will interfere with the accuracy of the test ) 

Place the viscosity tube in a tube holder (tig 38 18) which is so construct at 
the tube is held in a vertical position Place a shielded fluorescent light e 
die tube holder so that the passage of the ball can be seen Measure to the no® 
0 1 second the time required for a Mu inch aluminum ball to fall between ^ 
etched rings on the tube More than one ball should be timed to assure an ac 
rate test Duplicate times should agree within 1% , „ 

As soon as the falling ball time has been determined, measure the tempera 
of the solution to the nearest 0 1°C It is very important that the temperatin ^ 
the room be relatively stable so that there will be no fluctuations in t e 
temperature during the dropping of the balls and the temperature measure 
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■Slide Cotfch 

• Thermometer Holder Slide 

• Thermometer 

: Shields Painted Block to Reduce Reflection 
-Light Slit 

■Spring Clip to Hold Tube 
-Plumb Bob 


• Leveling Screws 


Fig. 38-18. Tube Holder. 


Calculation.— The viscosity of the solution is calculated by the following equation: 

Log V = log C + log t + (T — 25.0°C.) (0.01 866), 

where V = viscosity of Cu(En)s cellulose solution at 25.0°C., in centipoises, 
t = time of fall in seconds, 

T ~ temperature of solution in degrees centigrade, 
and C — tube constant. 

If the time of fall is determined at concentrations other than 1%, make the tem- 
perature correction and apply the following formula to convert the viscosity deter- 
mined at concentrations other than 1% to that of 1% cellulose concentration: 

T __ T , log vo + (P- i )(/q 

Log Vi - ' 

where V\ = theoretical viscosity at 1% concentration and 25.0°C., in centipoises, 

P — percentage concentration used, 

Vp = measured viscosity, at concentration P and 25 ± 0.1 °C., 
and K = a constant which is 0.73 for bleached pulps and 0.63 for unbleached pulp. 

Noti..— For rag pulps the constant K is believed to be 0.73, although sufficient work has 
not been done as yet to establish this with certainty. 

Report.— Results shall be reported in terms of centipoises as the cupriethylene- 
diamine viscosity by the falling-ball method and shall represent the average of at 
least two separate tests. 
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Precision —Duplicate samples should check within 2% 

Additional Information —1 Unbleached pulps can be tested directly only by tit 
falling ball method in the \ iscosity pipet method the undissohed lignin may p| u 
the capillary For testing unbleached pulps by the viscosity pipet method am? 
optionallv bv the 1 illing ball method the following procedure may be used 

To 20 g of air dry pulp in a 500 ml Erlenmeyer Hash add 2o0 ml of a solu a 
com lining 2 ml of glicnl acetic acid and 10 g of sodium chlorite NaCIO Hea 
the pulp suspension to 80 C and hold at this temperature for approximateh 3J 
minutes with occasional agitation Wash the pulp and make into several tin 
sheets Dry the sheets in in osen at 100 to 105 C for about 3 minutes and shni 
them Determine viscosity as specified under Procedure 

2 When the \ iscosity pipet method is applied to pulps of very high vncosiy it 
may be desirible to apply the solvent in two stages at tvio strengths to ha ten 
solution of the simples A dilute solvent is used for wetting and swelling ami i 
concemr ited solvent is used for completion of dissolution The procedure u ctl 
in this case is as follows 

Weigh the equivalent of 0 125 g of moisture free pulp and introduce into the 
dissolving tube add lo ml of a Cu(Eii) 2 solution adjusted to 0 167 copper molam 
and thoroughly wet the pulp sample with this solution Then add 10 ml of the 
cupnethylencdiamine solution of 1 0 copper molarity Dissolve the sample mlht 
usual manner This procedure gives 0 5% solution of cellulose in Cu(En) (0500 '1 
in copper) md is equivalent to the standard procedure 

3 1 ible 38 5 gives tentative correlation between various viscosity methods in 
use at the present tune The 1% Cu(En) J viscosities at 25®C were determned 
according to the method given above The Picatinny seconds viscosities were i 
terminal according to the U S Army Specification No 50 11 100B (May 27 I9H) 
The 2 5% ACS \ iscositves were determined according to the method descr bed 
by the American Chemical Society 59 The viscosities determined by the TAPPI 
method were tthen from i paper by Corey 90 The 1% cuprammomum visco t ■» 
were determined by the method given by Hatch Hammond and McNair M The 
0o% Cu(Fn) capillary viscosities were obtained by preparing solutions ol t>3% 
concentration according to the method given above for the falling ball measure 
ment but determining the actual viscosities with Cannon and Fenske cap luff 


4 The procedures described above have been modified in some respects f r 
application as routine mill control methods The necessary modificattoi s are 
chiefly those involved in quick preparation of the test specimen Reference InW" 
be made to the original literature for details 82 M ** 85 

5 The falling ball method is to be applied to pulps at such concentration uu 
the time of fall is more than 10 seconds and less than 40 seconds The visco't' 
pipet method can be applied to bleached pulps in any viscosity range pro' 1 
the efiluv time is within the limits specified in Table 38 5 

' \menran Chemical Societv Division of Cellulose Chemistry I nil Eng Chcm ' nJ * 
Id 1,49-51 1929 

4 0 Goiey \ j Tech \ssoc 1 apers 27,371 1914 , or .op 

a Hatch R S Hammond R N and McNair [ J Tech Assoc Papers 25 s 
«" Hatch R S Pacific 1 ulp and Paper Ind 16,13-17 Oct 1912 
83 Hatch R S Ind En„ Chcm \nal Fd 16, 104-7 1914 .. F i, [0 

"4 levy R M MutTal P and Harrison W D Paper Trade J 118,20-3 
1914 

«*Mood E P Tech Assoc Papers 27 383 1944 
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Table 38-5. Viscosity Conversions 66 


1% 

Cu(En )2 
viscosity 
at 25 °C. 
in cp. 

Picatinny 

seconds 

2.5% A.C.S. 
viscosity 
at 25°C. 
in cp. 

Cuprarainoniiun 

0.5% 
Cu(En >2 
capillary 
viscosities 
at 25°C. 
in cp. 

0.5% 
Cu(En )2 
capillary 
viscosities 
at 25°C. 1 
in cp. 

TAPPI 1% 
cupram- 
monium 
viscosity 
at 20°C. 
in cp. 

1% Falling 
ball vise, 
at 20°C. 
in cp. 

TAPPI 1% 
viscosity 
at 20°C. 
in cp. 

10 


_ 

6 

7.5 

_ 

2 

4 

20 

6.0 

134 

11 ' 

12 

5.0 

3 

6 

40 

14.5 

322 

20 

18.5 

8.4 

4 

9 

60 

24.5 

546 

27.5 

25 

10.9 

5 

12 

80 

35 

780 

33 

30 

13.0 

10 

25 

100 

48 

1070 

39 

36 

14.8 

15 

38 

120 

61 

1360 

43 

42 

16.6 1 

20 

52 

140 

74 

1650 

48 

46 

18.1 

25 

70 

160 

88 

1962 

52 

50 

19.4 

30 

94 

180 

102 

2275 

56 

54 

20.6 

35 

124 

200 

117 

2609 

61 

57 

21.6 

40 

170 

220 

133 

2966 

65 

61 

22.6 

45 

224 

240 

150 

3345 

69 

64 

23.6 

50 

282 

260 

167 

3724 

72 

67 

24.5 

55 

340 

280 

184 

4103 

76 

70 

25.4 



300 

202 

4505 

80 

73 

26.3 



320 

220 

4906 

84 

75 

27.2 



340 

239 

5330 

87 

78 

28.0 



360 

2S8 

5753 

91 

80 

28.9 



380 

277 

6177 

95 

83 

29.7 



400 

297 

6623 

98 

85 

30.6 




SOLUBILITY OF PULP IN SODIUM HYDROXIDE 

AT 20 °C. BT >63, 69, 70 

This is a general cold-alkali solubility test for cellulose or pulp arranged for use 
with various and constant concentrations of caustic soda. The concentration of 
sodium hydroxide solution most frequently used is 18%. Concentrations of 5 , 10, 
21.5, and 50% are also employed depending on the use requirements of the pulp. 
For example, results with 21.5% have been shown to correlate in general with die 
yield of rayon in the viscose process. 

This method avoids the sequential dilution step for the chosen concentration 
of sodium hydroxide as in TAPPI Standard T 203 m, p. 1751, and thus gives results 
that are not strictly comparable with it. This standard is considered to be more 
meaningful than T 203 m by the responsible committees in TAPPI, ASTM, and 
ACS. Also, here the soluble fraction of the pulp is determined rather than the 
insoluble residual fraction as in T 203 m. This avoids the acidification and wash- 
ing of a residue with indeterminate effects. 

The term "alpha-” cellulose should not be applied to any test value obtained 
with this procedtne since it is defined only by the method of its determination 

11,1 Infoi mation in fust six columns determined b\ Research Laborator) of the Weyer- 
haeuser Tinibet Co.; in last two columns by the Ecusla Paper Corp. ; 

07 Wilson, K., Ringstiom, E., and Hedlund, 1., Siensk Pappeistidninsr, 55, 31-37 1P5? 

"o Ohlsson, K. E„ Ibid., 347-57, 1952. ’ 

o' 1 Anon., Ibid., 57, 193-94, 1954. 

70 Charles, Frank R., Tappi, 37, 148-56, April, 1954. 
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specified in T 203 m which in a modified form is being retained as a TAPPj 
Standard for ilpha cellulose mainlj for historical reasons 
This procedure is recommended for general pulp evaluation and for purest 
sp cificitions 

Apparatus Stirring Equipment (Fig 38 19) — The exact dimensions are not 
critical The stirrer and shell assembly is alkali resistant eg of stainless 



A satisfactory motor is a 1 ^>hp variable speed motor adjusted to go at a «t 
1500 rpm The pitch of the blades or speed of the motor is adjusted so that no 
air is introduced into the pulp suspension during stirring 

Constant Temperature Bath— Capable of maintaining a temperature o t 
0 2°C large size 

Filtering Crucible— 30 ml alkali resistant with fritted disc of coarse P 0fW 
(nominal maximum pore size 40 to 60 ft) 

Suction Flask for the crucible 

Other Equipment 10 andlOOml pipets 2o0ml beaker with watch glass 
100 ml volumetric flask 250 and 1000 ml Erlenmejer flasks with stopper or 
250 ml flask glass stirring rod 
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Reagents. Sodium Hydroxide Solution.-One of the concentrations below hav- 
ing an amount of sodium carbonate present less than 1 g. per liter. 

To prepare the 18% solution, dissolve a quantity of solid sodium hydroxide in 
an equal weight of distilled water, cover and allow the suspended carbonate to 
settle, which may take several days, decant or siphon off the clear supernatant 
liquid, and dilute with carbon dioxide-free distilled water until the specific gravity 
at 20°/4°C. is 1.1972 ± 0.0012 (the correction per degree Centigrade is 0.00051). 
Check the final dilution by a titration with standard acid. The Na 2 CO a content 
of the dilute solution should not exceed 1 g. per liter. 

NaOH, 5.0 ± 0.1 g. NaOH per 100 g. solution, sp. gr. is 1.0538 at 20°/4°C., 1-32 N. 

NaOH, 10.0 ± 0.1 g. NaOH per 100 g. solution, sp. gr. is 1.1089 at 20°/4°C., 
2.77 N. 

NaOH, 18.0 ± 0.1 g. NaOH per 100 g. solution, sp. gr. is 1.1972 at 20°/4°C., 5.39 N. 

NaOH, 21.5 ± 0.1 g. NaOH per 100 g. solution, sp. gr. is 1.2356 at 20°/4°C., 
at 6.64 N. 

NaOH, 50.0 ± 0.1 g. NaOH per 100 g. solution, sp. gr. is 1.5253 at 20°/4°C., 
19.07 N. 

Potassium Dichromate, 0.4 N .— 20 g. K 2 Cr 2 0 7 with 150 ml. of concentrated 
H 2 S0 4 per liter. 

Sulfuric Acid.— Concentrated (94-95% H 2 S0 4 , sp. gr. 1.84), reagent grade. 

Sodium Thiosulfate.— About 0.1 N. Na 2 S 2 0 3 , accurately standardized. (See 
TAPPI Standard T 610 m.) 

Potassium Iodide.— Solid KI, reagent grade. 

Starch Solution, 0.5%.— (Or Thyodene powder.) 

Test Sample— Obtain a sample of pulp that is representative of the entire lot 
being tested, weighing at least 5 g. for duplicate tests. If in sheet form, split, then 
tear into pieces approximately 5 to 10 mm. across. Do not cut with a pair of 
scissors nor use a grinder. If in slush form, dewater by suction, press between 
blotters to dry as much as possible and pull apart into small pieces. Spread the 
torn pieces on a tray open to the laboratory air for at least 24 hours, to attain 
uniform moisture content. At about the same time take composite specimens 
for the moisture and alkali solubility determinations. 

Procedure .— With a pipet, add 100 ml. of the chosen NaOH solution to a 250-ml. 
beaker. Adjust the temperature, preferably by placing it in the constant tempera- 
ture bath, to 20 ± 0.2°C. 

Note— The solubility in 18% NaOH is not affected by variations of a fete degrees in 
temperature. In this case the temperature may be kept at 20 ± 2°C. The solubility in 
weaker alkali (for example 10% NaOH) is much more dependent on temperature. At 
this lower concentration, the temperature of the mixture should be maintained at 20 ± 
0.2°C., even during subsequent disintegration. 

Weigh, to the nearest 5 mg. or less, the equivalent of 1.5 ± 0.05 g. of moisture- 
free pulp. At about the same time, weigh another portion and determine its exact 
moisture content in accordance with ASTM D644-55, p. 1804. Put the specimen 
into the alkali and allow it to swell for 2 minutes. Stir in the equipment for 
3 minutes without aeration. This is sufficient time to defiber most pulps com- 
pletely, which is essential. An increase in the stirring time does not significantly 
affect the solubility; too low a value will be obtained if defibering is not complete. 
Keep stirring, dterefore, until the specimen is completely defibered. Lift the stirrer 
from die beaker. Carefully clean the stirring apparatus and walls of the beaker 
with a glass rod so that all pulp fibers will be retained in the caustic. Cover the 
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beaker with a watch glass and allow the beaker with the specimen to remain jt 
20 ± 0 2°C for a period of 60 minutes from the time the specimen was added to 
the caustic 

At the end of 60 minutes less the few minutes necessary to collect the filtrate 
stir the slurry with the glass rod and filter with suction through the fritted glass 
crucible During filtration keep the cellulose mat on the filter covered with solu 
tion and be careful not to pull an> air through it Reject the first 10 to 20 ml 
and in a clean dry bottle or flask collect the next 40 to 50 ml of the filtrate for 
testing If any suspended fibers are noticed in the filtrate pass the filtrate throu»It 
the cellulose mat again to be clarified keep the filtrate in a stoppered Erlenmeier 
flask and allow it to come to room temperature 

Note— D uring the earl) stages of the tieatment the amount of material dissohcd in 
creases with the time of alkali leaching hut after a ceitain time usually very little morcu 
dissohcd For dissolving pulps I hour is usually sufficient but for some paper gralc 
pulps such as hardwood neutral sulfite and some semichemical and sulfate pulps a longer 
time ma) be required This should be checked b) experiment If a longer period (hi 
1 hour is used the results will not be in accordance with this method and a special note 
should be appended to the results 

Determination of Dissolved Cellulose —Determine the cellulose in the filtrate b 
oxidition w ith the dichromate solution 

With a pipet transfer 10 ml of the filtrate to a 250 ml Erlenme)er Hast Add 
10 ml of 0 4 N k,Cr_0 and then carefully add 30 ml of concentrated H SO, 
If the sulfuric acid is of lower concentration than 94% the temperature will not 
reach the required 125° to 130°C during the oxidation Swirl to mix and apph 
heat to maintain i solution temperature of 127 ± 2°C for a 10 minute period to 
complete the oxidation Use of a reflux s)stem for the flask is desirable 

Cool the flask to room temperature and quantitatively transfer the solution to a 

1 liter Erlenme)er flask using 500 ml of distilled water Add approximate!* 

2 g of solid kl swirl to dissolve and mix then allow to stand for 5 minute) 
Titrate with the 0 1 A Na,S 2 0 3 solution adding the starch indicator near the end 
point when the yellow color of the iodine has nearly disappeared The end point 
occurs when the color of the solution changes from deep blue to light green 'bh 
a blank determination substituting a 10 ml portion of the 18% (ot other) 
solution for the filtrate and using approximately the same temperature and time 
to complete the titration 

Noif —A 10 ml aliquot oF the filtrate is sufficient for most dissolving pulps 
having a very high solubility (greater than 16%) decrease the volume of the filiw ,c [“ 
5 ml and the HjSO^ to 25 ml lor highly insoluble pulps use a 20 ml portion of 
and 45 ml of H 2 SO.j 

Calculation —Calculate the percentage of the pulp soluble in alkali as 

(Vi - l'i) X X X 6 85 X 10 
H'Xi 

where A = exact normality of the Na^aOj, 

W = weight of the moisture-free pulp in grams, 

V\ = Na 2 S 2 Oa consumed in the titration of the specimen in milliliters, 

Vi — A 2 S 2 0 3 consumed by the blank in milliliters, 

S — milliliters of alkaline filtrate used in the oxidation, and 
6 85 = milligrams of cellulose equivalent to 1 milhequivalent of k;Cr 2 0? 
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Note.— T heoretically 1 milliequivalent of K 2 Cr 2 07 corresponds to 6.75 mg. of cellulose 
or polyoses, but under less ideal conditions of the oxidation described above, 1 milli- 
equivalent corresponds to approximately 6.85 mg. of cellulose. 

On each occasion the equivalence factor for the conditions and solutions employed may 
be determined as follows: 

Without heating, dissolve 0.2 ± 0.001 g. (moisture-free) of high-quality, bleached-cotton 
linters or asliless filter paper, in 40 ml. of 72% H 2 S0 4 , and in a 100-ml. volumetric flask, 
dilute to the mark with more 72% acid. Immediately thereafter, pipet duplicate 10-ml. 
aliquots of the cellulose solution into a pair of 500-ml. Erlenmeyer flasks, add 40 ml. 
0.5 iV NaOH to each, and another 40-ml. portion of the NaOH to another flask as a 
blank. Oxidize and titrate the blank and each flask containing the 20 mg. of cellulose 
as described above. Suppose the results are P 3 and F 4 ml. respectively; then the equiva- 
lence factor (mg. of cellulose per ml. of N solution) or mg. of cellulose per 10 ml. of the 
0.1 N Nn 2 Si0 3 as used— the portion replaced by the cellulose having been oxidized— is 

200/(1 ’ 3 -V 4 ). 

Take care that the 10-ml. pipet used to deliver the cellulose aliquot, is calibrated for 
the delivery of that solution, since it is more viscous than water. (Using the same 10-ml. 
pipet as was used for the specimen will minimize the possible error.) 

Alternatively, in place of the KI and Na 2 S 2 0 3 titration, after cooling the oxidized 
solution to room temperature, add 50 ml. of water to the specimen and to the blank. 
Cool again to room temperature, add 2 to 4 drops of ferrion indicator (1.5 g. o-phenan- 
throline monohydrate (or 1.6 g. of the hydrochloride) plus 0.7 g. FeS0 4 , dissolved in water 
and diluted to 100 ml.) and titrate with a freshly standardized 0.1 N solution of ferrous 
ammonium sulfate (40.5 g. FeS0 4 (NH 4 ) 2 S0 4 6H 2 0 + 10 ml. concentrated H 2 S0 4 per liter) 
to a purple color. In the calculation above, V j and Vo will represent the volume of 
ferrous ammonium sulfate used for the specimen and the blank, respectively. An electro- 
metric titrimeter is preferable for this titration. 

Report.— Report to one decimal place the percentage of the moisture-free pulp 
which was dissolved by the alkali, and also the strength of the alkali solution used. 

The strength of the NaOH solution may be designated by a numerical suffix, 
e.g., the solubility in 18% NaOH as x% S18. 

Precision.— The standard deviation for all NaOH concentrations is approxi- 
mately 0.1. 

Additional Information— 1. This solubility method may be applied to one par- 
ticular pulp using several concentrations of alkali (5, 10, 18, 21.5%, etc.). The re- 
sulting relative solubilities may help to determine the suitability of the pulp for 
various industrial processes. 

2. Reporting the difference between 100 and the percentage of alkali-soluble 
material in accordance with this, or any method other than “Alpha-, Beta-, and 
Gamma-Cellulose Pulp,” as “alpha-cellulose” or “modified alpha-cellulose” or “new 
alpha-cellulose,” is misleading and should be strongly discouraged. 
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SAMPLING PAPER FOR TESTING 

Test Sample— The test sample, unless otherwise specified, shall consist (when 
possible) of specimens each cut not less than 11 by 11 in This allows margin for 
trimming to exactly 10 by 10 in which simplifies the calculation of basis weight 
determination There shall be a sufficient number of specimens to complete the 
tests They shall be kept smooth and flat and protected from exposure to direct 
sunlight contact with liquids, and other harmful influences Care should be exer 
cised m handling the specimens if optical surface, acidity or other physical or 
chemical characteristics affected by the moisture of the hands are to be determined 
In the case of a test for moisture the test sheets shall be placed, immediately after 
sampling in a can made airtight by means of a cover and kept in this condition 
until the moisture test is performed Where an accurate moisture lest is imporunt 
it is desirable to take a separate sample for this and weigh the sample before 
opening the container This method is standardized as ASTM D585 42 and TAPPI 
T 400 m 49 

Note — Phvsical tests except for weight shall not be made on portions of specimens in 
which theie are flaws or watermarks 

Procedure for Sampling .— The specimens comprising the test sample shall be so 
selected as to be representative of the entire lot of paper One set of specimens 
shall be taken from 1 unit out of every 20 in the shipment, except that the mm' 
mum number of sets taken from a shipment shall be 5 and the maximum number 
20 The same number of specimens shall be taken from each unit 

The units shall be rolls, cases, frames, skids or bundles 

In the case of rolls special care shall be taken to select test sheets that are not 
damaged It is good practice, where moisture is not important to discard uie 
first three layers of the roll, to be sure of obtaining a unit sample in good repre- 
sentative condition When the moisture is to be determined, the sample shall not 
be taken within % m of the outside of the roll The specimens shall be cut 
sheets taken across the full width of several unharmed layers 

In the case of sheet cut paper specimens shall be cut from at least five consc 
live sheets taken from a point or points over 14 in from the top or bottom of 
case, frame, skid, or bundle sampled 

The specimens shall be trimmed with their edges exactly parallel to the nia 1 
and cross directions of the paper ^ 

A sufficient number of specimens from each unit sample shall then be an*"® 
consecutively in rotation to form a representative test sample A convenient^ 
to do this is to number consecutively the sheets comprising each set and then s 
sheets bearing consecutive numbers one or more from each set in rotation ^ 

Resampling .— In case of necessity for resampling a lot of paper, the samp « ^ 
be taken as described above, except that the sample sheets shall be ta en 
different units than those previously sampled 
1794 
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CONDITIONING PAPER AND PAPERBOARD FOR TESTING 

This method is standardized as ASTM D685-44 and TAPPI T 402 m-49. 

Relative Humidity and Temperature — Whenever standard conditioning is re- 
quired in a test method, the sample shall be conditioned and tested in an atmos- 
phere maintained at 50% relative humidity and 23°C. (73°F.) temperature. A 
tolerance is permissible (unless for precise work) of plus or minus 2 in the per- 
centage of relative humidity (48 to 52%) and of plus or minus 2°C. (3.5°F.) in tem- 
perature. 

Note.— The wet-bulb temperature in degrees F., corresponding to a relative humidity 
of 50%, at a given air temperature, t° F. (dry bulb) , and a given barometric pressure, B 
inches of mercury, is given by the equation: 

Wet-bulb temp., °F. (50% R. H.) = 0.S27 1 + 0.72 - 0.15 (30 - B). 

Conditioning— Suspend each test specimen of the sample so that the condition- 
ing atmosphere will have free access to all surfaces. Means shall be provided for 
so circulating the air of the conditioning and testing chamber that its humidity 
and temperature will be uniformly maintained. The conditioning time shall be 
sufficient for the moisture content of the specimen to attain equilibrium with the 
conditioning atmosphere. Determine this by conditioning until there is no sig- 
nificant change in the weight of the specimen (i.e., less than 1 part in 1000). For 
papers that are not highly resistant to water vapor, weigh at intervals of not less 
than 2 hours; for highly resistant papers such as hard, surface-sized bond and 
ledger papers, at intervals of not less than 12 hours; for papers that have been 
given special treatment for resistance to water vapor, and for paperboards, at 
intervals of not less than 24 hours. 

Note.— With good circulation a conditioning period of 4 hours is usually sufficient for 
papers of ordinary weight and composition, but some' hard -sized papers, paperboards, and 
water-resistant specialties may require 48 hours or longer. 

After the test specimens are conditioned they should be handled as little as possible 
and not breathed upon. 

For work of such precision that the hysteresis in the equilibrium moisture con- 
tent may lead to an appreciable error, the moisture content equilibrium under 
standard conditions shall be approached from a drier state by first reducing, if 
necessary, the moisture content to less than half the value under standard condi- 
tions and then conditioning under standard conditions. For that purpose the 
samples may be dried in a desiccator or other convenient means, provided the tem- 
perature does not exceed 60°C. (140°F.). 

Determination of Humidity and Temperature.— Determine the relative humidity 
of the conditioning atmosphere by means of either (1) a sling psychrometer, or (2) 
a stationary type of psychrometer having the air circulated over the thermometer 
bulbs mechanically. In both cases the circulation of air around the thermometer 
bulbs shall be at the rate of not less than 3 m. (10 ft.) per second and the exposure 
not less than 60 seconds before the readings are taken. When the sling type is 
used, make the readings, especially of the wet bulb, as quickly as possible after 
bringing it to rest. 

Note.— It is preferable to draw the air over the thermometer bulbs rather than to blow 
it over them, as in the latter case the heat of the fan causes errors in the readings. 
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The thermometers used for determining humidity and temperature shall be ac 
curately calibrated by comparison v,ith certified standard thermometers and am 
corrections found necessary applied to the readings 

Note —It is recommended that thcunomctets approaching the following 
be used Range 0 to 50°C (32 to I22°F) graduation 02 °C (0 5T) They should be 


Wet Bulb Temperoture-'C 
14 15 16 17 18 19 20 



Dry Bulb Temperature -°F 


Fic 38 20 Psychrometnc Chart 

matched to within 01°C (0 25®r) throughout the range used Under ordinary conditions 
an error of 1 in the percentage of relative humidity corresponds to an error of approxi 
mately 0 25 c, l in the wet bulb depression 

From the wet bulb and dry bulb readings calculate the relatue humidity from 
the accompanying psychrometnc chart, Fig 38 20 71 

i I’sychromctric chart for obtaining the relatue humidity (in the neighborhood of tbr 
TAPl'I Standard 50% R H and 23°C) from readings of a ventilated «et and uryw^ 
psychrometer Permissible temperature and humidity conditions he within the so i^, 
parallelogram The chart rs based on a barometric pressure of 760 tntn (30 ih)® . 
cury For each 900 ft aboic sea level add 0 5 Example Dry bulb tertipc ralure , _ . 
wet bulb temperature, 17-5°C , elevation, 1700 ft above sea level The correspond! g 
tive humidity is 51 (from chart) + (1700/900 x 0.5) = 52% . on of 

This chart is based on Smithsonian Meteorological Tables For the inlor 
those who wish to apply a correction with reference to a barometric reading an 
of 900 ft is approximately equivalent to 1 m of mercury 
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REDUCIBLE SULFUR IN PAPER AND PAPERBOARD 72 ' 73 > 74 

This method is for determining the total reducible sulfur in paper, but is not 
necessarily a measure of how much a given paper will tarnish silverware. When 
tested by this method, paper that has less than 0.0008% reducible sulfur may be as- 
sumed to be non tarnishing as far as sulfur is concerned. A quantity greater than 
0.0008% does not necessarily mean that 
tarnishing will occur, since sulfur com- 
pounds, which may not cause staining, 
are reduced by the treatment with the 
subsequent evolution of hydrogen sul- 
fide. If more than 0.0008% reducible 
sulfur is found, or if the effect of that 
or other materials causing stains on 
silver is desired, the paper should be 
subjected to an accelerated tarnishing 
test. 

Note.— If the pH of the paper is low, 
e.g., 4 to 4.5 (cold extraction), as little as 
0.0002% of reducible sulfur may cause 
tarnishing of imitation gold-bronze prints; 
whereas, if the pH were higher, e.g., on 
brush-coated art paper, a much higher 
quantity of sulfur might be tolerated. 

Because this is a very sensitive test 
method, and the quantities of sulfur 
sought are so small, great care must be 
taken to avoid possible contamination 
of the reagents and specimens by con- 
tact with the bare fingers, or from 
minute quantities of sulfur compounds being absorbed from the air. Conse- 
quently, even if a day elapses between tests, it is advisable to make a blank test 
with the same apparatus, liquids, and materials to be used for the actual test, to 
make sure that they neither contain, nor have acquired, any appreciable quantity 
of sulfur. 

Apparatus. Reaction Apparatus.— An apparatus consisting of a 100-ml. extrac- 
tion flask carrying a short, water-cooled condenser as shown in Fig. 38-21. Over 
the condenser is placed a flanged head containing a disc of filter paper impreg- 
nated with lead acetate. The condenser prevents water vapor from condensing 
on the test paper which would cause an uneven development of the spots. 

Buret or Pipet.— 1 ml., graduated in 0,01 -ml. divisions. 

Other Equipment.-Water bath at 100°C. or steam bath, to heat the reaction 
flask; 50-ml. beaker and glass stirring rod with flattened end; 100-ml. and 1-liter 
volumetric flasks; 10-ml. pipet, and clean forceps for handling the specimens. 

Reagents. Aluminum Foil.— Not over 0.01 in. thick, sulfur free. 

72 Schcre, I>. C., and Sweet, IV. IV., Ing. Eng. Chem., Anal. Ed., 4, 103, 1932. 

72 Lachelc, C. E„ Ind. Eng. Chem., Anal. Ed., 6, 200, 1934. 

74 Sutermeister, Edwin, Chemistry of Pnlp and Paper Making, 3rd ed., John Wiley and 
Sons, New York, p.472, 1941. J ! 



Fic. 38-21. Apparatus for Reducible Sulfur. 
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Phosphoric Acid —Concentrated 8o% H 3 POj reagent grade sulfur free It u 
advisable to treat the acid with bromine water and heat until all excess bromine 
is expelled 

Sodium Thiosulfate —Standard solution not over two days old Use recently 
boiled distilled water cooled to about 20°C for preparing the solution Dissol e 

0 09/ g of reagent grade fresh clean crystals of Na S 2 0 3 aH a O in a little later 
in a 100 ml volumetric flask dilute to the mark and mix thoroughly then dilute 
10 ml of this solution to 1 liter and mix thoroughly One ml of this d luted 
solution contains the equivalent of 0 000002a g of sulfur 

Lead Acetate— 20% solution Pb (C 2 H 3 0 2 ) 2 3H a O reagent grade 

Test Paper Fresh high quality rapid filtering grade of filter paper untouched 
with bare fingers and impregnated with the lead acetate solution dried and cut 
into 1 in diam discs and to be kept stored in an air tight container Cut also 

1 in diameter discs of the unimpregnated paper to clamp beneath each test disc 
so as to prevent any acid spray decolorizing the darkened areas Just before use 
pick up a disc of the test paper with clean forceps moisten with a minimum of 
distilled water and lay it on a dry unimpregnated disc ready to go into the 
apparatus 

Test Specimen —For each test specimen cut pieces of paper about 6 mm (02j in) 
square from representative sample sheets and weigh the equivalent of 0 2a ± 0 00a 
g of moisture free paper (Determine the average moisture content of the paper 
if it is not known to within 1%) For papers which are low in sulfur increase 
the weight of the test specimen preferably to 0 5 0 75 or to a maximum of I g 
Do not touch the test area of the specimen with the fingers handle with dean 
forceps only 

Note— Tightly wrap any samples that are to be stored or shipped in indi idual lo 
in sulfur lree aluminum foil 

Procedure —By means of the forceps transfer the weighed specimen to the flask 
Add a few milliliters of distilled water and macerate the paper by means of a 
clean glass stirring rod until it is thoroughly soaked and at least partially d suite 
grated IV ash down the glass rod with a few milliliters of distilled water until 
the total volume m the flask is about 20 ml Add 2 g of aluminum foil cut ino 
small pieces Attach the condenser the funnel and the head containing the disc 
of lead acetate paper with the plain paper disc beneath to the flask Throng* 1 
the dropping funnel add 10 ml of H 3 P0 4 and close the cock Heat the flask 
and contents on the water bath After 4o minutes remove the apparatus from 
the bath take out the lead acetate disc compare it with the set of discs stained 
with known amounts of sulfur prepared as described below and estimate the 
amount of sulfur evolved by the specimen 

Prepare the set of stained discs by using exactly the same procedure and chem 
cals as described but m place of the test specimen from the graduated p P et ° r 
buret add measured amounts of the standard Na 2 S 0 0 3 solution such as 0 1 » 
0 4 0 6 0 8 and 10 ml respectiv ely This will give a range suitable for ® osl 
papers One milliliter of this solution contains the equivalent of 0 001% s u u 
m a 0 2o g specimen 

Before each senes of tests make a blank test using the same amounts of 
acid and aluminum foil as used in the procedure but without any additive ^ 
resulting stain should be barely perceptible otherwise purify or replace 
reagents or clean the equipment 
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Report.— Report the amount of reducible sulfur as a percentage by weight of 
die moisture-free paper, to two significant figures. 

Additional Information.— A modified colorimetric method, comprising die reduc- 
tion of the sulfur to hydrogen sulfide and reaction with p-aminodimethyl aniline 
to form methylene blue, has been described. 740 This method will be considered 
in a subsequent revision of the method when additional correlative data are 
obtained. 

It is probable that if the prescribed reduction method with aluminum foil, is 
used in place of the more drastic sodium stannite reduction method described in 
Sobolev, die results will be the same with either the lead acetate or the methylene 
blue indicator. 

AMOUNT OF COATING ON MINERAL-COATED PAPER 

This method is suitable for the ordinary types of mineral coatings. It may not 
be effective for exceptional special types, as where lacquers or other materials are 
used to impart a high degree of water resistance. This method is standardized 
as ASTM D687-44 and TAPPI T 407 m-49. 

Reagent. Enzyme Solution.— Aqueous solution of approximately 1.5 g. of en- 
zjme and 25 ml. of 0.1 N NaOH per liter. 

Hie enzyme recommended by Sutermeister and Porter 75 is trypsin, but some of 
the mixtures of enzymes used commercially for desizing cotton and degumming silk 
hate been found to be more rapid in action, less expensive, and more stable. 70 

Test Specimen .— The specimen for test shall consist of not less than 25 sq. in. 
Before weighing it shall be conditioned according to TAPPI Standard T 402 m. 
After remo\ing the coating, the residual paper shall be likewise conditioned before 
weighing. 

Procedure .— Measure the area of the test specimen with an accuracy of ±0.5%. 
(If the test specimen is 5 by 5 in., this requires measuring the length and width 
to the nearest 0.025 in. or about 1/32 in.) Weigh the test specimen with an accu- 
racy of ±0.5%. (For lightly coated papers this requires weighing to the nearest 
0.005 g.; for heavily coated papers, it may require only the nearest 0.05 g.) 

Place it in a suitable container in such a way that the enzyme solution will have 
free access to the entire surface of the coating. It may be laid in a flat-bottomed 
tray or rolled in cylindrical form and placed in a buret. Pour over the specimen 
sufficient enzyme solution to cover it completely. Allow to stand for at least 1 
hour at 50°C., then place the paper on a pane of glass and brush off the coating 
with a camel’s hair brush, taking care not to dislodge the paper fibers. Additional 
heating, and in some cases additional enzyme solution, may be found necessary for 
very resistant coatings. 

After the coating is entirely removed, stand the glass pane at a slight angle and 
wash the paper on both sides by means of a wash bottle, holding the paper on the 
glass by one corner. Condition the decoated paper and weigh it. The difference 
between this weight and the original weight of the specimen is the amount of 

7 -in Sobole\ , I., Bhaiga\a, R., Gosuntov, N„ and Russell, R„ TAPPI 39, No 9 6°8-30 
1956. 

75 Sutermeister, E., and Potter, Tech. Assoc. Papers 13, 205, 1930. 

70 The preparation Protease 15, made b\ Rohm & Haas Co.. 222 West Washington 
Square, Philadelphia, Pa., has been found suitable. 
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coating material Not less than two determinations shall be made and the a\n 
age of the results shall be reported 

Report —The amount of mineral coating shall be reported (1) as a percenta»e 
of the decoated paper and (2) as pounds per 500 sheets 25 x 40 in m size The 
weight of the decoated paper on this same weight basis shall also be included in 
the report 

Precision —Owing to the \anable nature of coating materials the precision is 
\ariable With most ordinary types of coatings the percentage of coating material 
found should be correct to within 0 5 to 2 

ROSIN IN PAPER AND PAPERBOARD 
Rosin (colophon)) is a natural resin extracted from the residue of the distillatioi 
of pine gum tall oil or the solvent extract of pine stumps knots and top \ ood 
This method is for both the qualitative and quantitative determination of rosn 
in paper and paperboard The qualitative tests indicate the presence or absence 
of rosin or rosin soap added as a sizing agent The quantitative procedures g ve 
the total rosin which consists ol the natural resins in the pulp from which the 
paper was made plus any rosin added as sizing The procedures described are not 
applicable to the determination of s>nthetic resins (such as the melamine anl 
urea formaldehyde resins used to impart wet strength properties to paper) but are 
limited to rosin This method is standardized as ASTM D549 46 and TAPI IT 
408 os 61 


QUALITATIVE TESTS 
Apparatus Crucible, porcelain 35 50 ml 
Spotting Plate —Porcelain or white glass with depressions 
Reagents Acetic Anhydride 
Sugar —Saturated solution of sucrose 
Sulfuric Acid —Concentrated H 2 S0 4 
Carbon Tetrachloride CC1 4 
Bromine Liquid Br 
Phenol 

Procedures Liebermann Storch Test —Place about 1 g of the paper cut into 
small pieces in a clean dry test tube Add 5 ml of acetic anhydride and boil 
down to about 1 ml ( Caution —Since fumes of the anhydride are very irritating 
the test should be made in the hood ) Pour the liquid residue into a clean dry 
porcelain crucible and cool to room temperature or lower If any waxy partic es 
separate out they should be filtered off on a small piece of filter paper previous y 
wetted with acetic anhydride Add carefully down the side of the crucible one 
drop of concentrated sulfuric acid A fugitive rose violet coloration formed wiere 
the acid meets the anhydride indicates rosin , 

Raspatl Test— Place the paper on a glass or porcelain plate and apply a r r 
of nearly saturated solution of sugar After about 5 seconds remove t * ie 
sugar solution by blotting with filter paper Add a drop of concentrated ^ 
to the sugar on the paper Alternatively place a drop of concentrated H» 
the paper and add a few crystals of sugar to the drop of acid A rasp be ) 
coloration indicates the presence of rostn , ex 

Halphen Hicks Test —This test consists of bringing a carbon tetrachlon e^ 
tract of the specimen into contact with bromine vapor and seeing if a vio e 
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ation forms. The reaction with common rosin is so intense that if present in any 
considerable amount, the violet color is apt to be masked. The test also can be 
applied to solid resins, varnishes, etc. The presence of more than a trace of water, 
alcohol or ether, interferes with the sensitiveness of the reaction. 

Prepare two solutions: Solution A, 1 part of phenol dissolved in 2 parts by 
volume of CC1 4 ; and Solution B, 1 part of Br dissolved in 4 parts by volume of 
CC1 4 . 

Place about 1 g. of the paper, cut into small pieces, in a clean, dry test tube. 
Add about 3 ml. of solution A, and shake or macerate with a stirring rod for 
several minutes. Pour die solution into one of the cavities of the spot plate until 
it just fills a depression; a portion of the solution will soon be seen to spread out 
on the flat part of the plate beyond the rim of the cavity unless too much of the 
CCI 4 previously has been lost through evaporation. If it does not spread, a drop 
or two more of CC1 4 should be added to produce diis spreading effect. 

In an adjacent cavity of the plate, immediately place 1 ml. of solution B and 
be sure the evolved Br vapors come into contact widi the surface of the solution 
in the other cavity, either by blotring a gentle current of air toward it or by 
covering both cavities with a watch glass. 

The color reaction begins almost immediately, and the colors are best observed 
upon the flat portion of the test plate. They usually last long enough for satis- 
factory observation, with their changes being practically complete in from 5 to 
10 minutes. 

If a green color develops which rapidly changes to blue and then violet, die 
latter lasting a considerable time, then slowly to purple, and finally to a deep 
indigo, rosin is indicated. 

The intensities of the colors and tints are, of course, dependent to a degree 
upon the concentration of the rosin dissolved in solution A, but with a little 
experience in die application of the test to materials of known purity, it is pos- 
sible to interpret die indications without difficulty'. 

Different colors may be produced by different materials with these tests as 
follows: 


Material 

Rosin 


Characteristic Colors 
Liebermann-Storch 
Fugitive violet to brown 


Oxidized rosin 
Rosin glycerol ester 
Staybelite a 
Rosin maleate 

Beta-pinenc polyaner 

Vinsol b 

Belro c 

Pine oil 

Turpentine 


Fugitive violet to brown 
Fugitive violet to brown 
Fugitive violet to brown 
Wine red changing to 
olive brown 
Faint pink 
Weak purple 
Weak purple-brown 
Red-brown to blue-violet 
Faint yellow to red 


Halphen-Hicks 

Blue, finally 
indigo 
Blue 

Lavender-blue 

Lavender-blue 


Faint brown 

Green-brown 

Green-brown 


“ Pale-colored hydrogenated rosin. 

b Aliphatic hydrocarbon-insoluble fracdon of a solvent extract of aged pine stump wood. 
' Dark rosin fraction from the solvent refining of wood rosin. 
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QUANTITATIVE DETERMINATION 
The method depends upon the conversion o£ insoluble res mates to alcohol 
soluble rosin followed by extraction The conversion is effected by the act on of 
hydrochloric acid of a definite concentration for a given time so as to lmit the 
formation of other hydrolysis products The dried extract is further extracted 
with anhydrous ether in which nonresinous materials including starches and glues, 
are insoluble If unsaponifiable waxes which may dissolve in anhydrous ether 
are also present they are separated from the resinous material by sapomficaton 
of the rosin Further details are given below 77 

Qualitative tests may also be applied for the presence or absence of mneral 
matter which reacts with or is dissolved by HC1 for example a carbonate filler 
and for the presence of paraffin or a similar wax to serve as guides for the subse 
quent analysts 

It has been found 78 that melamine formaldehyde resin does not interfere u th 
the determination of rosin 

Apparatus Extraction Apparatus Soxhlet or Underwriters 

Gooch Crucible— 30 50 ml with fine pore filter papers cut to fit 

Suction Flask for Gooch Crucible 

Beaker 30-50 ml 

If waxes are also present 

Separatory Funnels Two 2o0 ml or larger 

Reflux Flask and Condenser —250 ml flask or larger 

Steam Bath for Reflux Flask 

Reagents and Materials Hydrochloric Acid Concentrated and apptox 1 \ 
HC1 

Extraction Solvent —Mixture of 4 ml of concentrated HC1 in 1 liter of 93% 
ethyl alcohol 

Ether —Diethyl anhydrous peroxide free 
If waxes are also present 

Potassium Hydroxide 5% alcoholic solution kOH 
Sodium Chloride — IsaCl crystals 
Sulfuric Acid —Approximately 5 N H 2 S0 4 
Methyl Orange Indicator 0 1% aqueous solution 

Test Specimen —For each test prepare at least 10 g of specimen about 02a b) 

1 6 in (6x40 mm) cut from representative samples taken in accordance i iu> 
TAPP1 Standard T 400 m p 1794 The paper should not be ground since addi 
tional nonresinous materials may then be extracted 79 
Procedure —Allow the specimen strips to reach moisture equilibrium wtb 
itmosphere surrounding the balance and weigh 5 to 7 g of strips to the nearest 
0 0! g Unless known to within 1% determine the moisture content of a separate 
specimen similarly conditioned according to ASTM D644 55 p 1804 

If the paper contains mineral matter reacting with or dissolved by hydrochor 

77 Launcr H F Simplified Determination of Resin in Papers and Pulps k fSea ^ 

Paper RP973 J Res Nat Bureau Standards 18, No 2 Feb 1937 . 

78 Wilson W k Harvey J L and Padgett W A TAPPI 34 No 9 419 . 

7» Tor paperboard such as container board pressboani binders board P ^ 

board it is advisable whenever possible to split the strips into thinner ones a 
have been weighed to facilitate extraction of the resin 
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acid, immerse the test specimen to be extracted in N HC1 for 5 minutes, drain, 
wash free from acid, and dry at room temperature. 

Crease the strips to be extracted with small zigzag folds and place them length- 
wise in the siphon cup of the extractor, taking care to avoid packing them tightly 
together. To the extractor, add from 2 to 2.5 times the volume of the extraction 
solvent required to fill the siphon cup. Extract at the rate of 15 siphonings per 
hour (which should yield a volume of about 250 ml. of solvent distilled per hour). 
A period of 2 hours should be used for uncoated or nonsurface-sized papers and 
2.5 hours for coated or surface-sized papers, or for paperboards. The extraction 
should not be continued much longer than specified, since resinous materials other 
than rosin might possibly be extracted and reported as rosin. 

When the extraction period is completed, evaporate ofE the solvent in the flask 
on the steam bath, until the odor of alcohol and HC1 are no longer noticeable. 
Place the flask in an oven at 105° ± 3°C. for 15 minutes, cool to room temperature, 
and add 20 ml. of anhydrous ether. The rosin should dissolve in from 5 to 30 
seconds unless covered by foreign material, in which case it should be scraped 
with a stirring rod. Unless the ether solution is clear, allow to stand 15 to 20 
minutes to further the coagulation and settling out of the foreign matter. Filter 
the solution, including the rinsings from the flask with about 20 ml. of ether, 
through the Gooch crucible with the fine-pore filter paper, and transfer the solu- 
tion to a carefully dried and weighed beaker. It is often necessary to refilter the 
solution through the same paper to remove cloudiness. After filtering, rinse the 
filter with less than 20 ml. of ether. Evaporate the ether in the tared beaker; then 
dry in an oven at 105° ± 3°C. for 15 minutes, cool, and weigh to the nearest 1 mg. 
Repeat the drying and weighing until the weight is constant to ±1 mg. (Caution.— 
Do not place ether-wet material in an oven with exposed electrical contacts.) 

If paraffin or similar waxes are present, after weighing the beaker plus rosin 
and wax, add about 25 ml. of approximately 0.5 N alcoholic KOH solution, heat 
to not over G0°C. for 15 minutes, cool to room temperature, and transfer to a 
separatory funnel. Wash the beaker with about 25 ml. of ether and then with 
about 50 ml. of water, and add all washings to the separatory funnel. Add suffi- 
cient water or ether, or both, so that the funnel contains about 25 ml. of ether and 
150 ml. of water. Shake the funnel well, add about 2 g. of NaCl, shake the funnel 
once more, and allow separation of the liquids. Draw off the water solution into 
another separatory funnel and wash with 25 ml. of ether. Drain the two ether 
solutions into a beaker, wash both funnels with about 20 ml. of ether, adding the 
washings to the beaker, and evaporate the ether. Treat the dry residue with 
anhydrous ether and filter the resulting suspension through glass wool or fine 
poiosity fritted glass to remove any NaCl and evaporate the filtrate in a weighed 
beaker. Dry the beaker and residue at 105° ± 3°C. 80 for 15 minutes, cool, and 
weigh to the nearest 1 mg. Repeat the drying and weighing until the weight is 
constant to ±1 mg. The material thus obtained will be paraffin or similar wax, 
plus the unsaponifiable material from the rosin, which, for most purposes and in 
the absence of definite knowledge regarding the particular rosin in the paper 
under test, may be assumed to be 5% of the rosin in the paper. To obtain the 
weight of the rosin therefore, divide the weight of the combined rosin and wax, 
less the weight of the wax, by 0.95. 

soil the paper contains waxes or oil volatile at 105° ± 3°C. and it is not practicable to 
dry the residue at a lower temperatuie, separate the rosin from the oil bv saponification 
and detct mine it directly, as prescribed in the following alternative method. 
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Alternate e Treatment of RosmWax Extract Where a Direct Determination dI 
the Rosin is Desired —Wash the weighed rostn wax residue obtained from the 
alcohol extracted paper into a wide mouthed flask using about 25 ml of ether 
Add about 25 ml of approximately 05 iV alcoholic KOH and about 100 ml 0 j 
water Heat the contents of the flask to boiling under a reflux condenser for JO 
minutes cool to room temperature add about 25 ml of ether transfer to a separa 
tory funnel and wash the flask first with water and then with ether adding the 
washings to the funnel Add about 2 g of NaCl to the separatory funnel shale 
well and let the liquids separate Draw off the water solution into a beaker Add 
50 ml of water and about 2 g of NaCl to the ether solution in the separator) 
funnel shake well allow separation of the two liquids and draw off the i ater 
solution adding it to the first water solution 
Add to the combined water solutions 2 drops of methyl orange indicator solut on 
carefully acidify by adding 5 \ H S0 4 until the solution is definitely pink and 
then add 1 ml more of the acid Cool the solution to room temperature transfer 
to a separatory funnel add 25 ml of ether and wash the beaker with about 10 ml 
of ether adding the washings to the funnel Add about 5 g of NaCl shake the 
funnel well allow separation of the liquids draw off the water solution into an 
other separatory funnel and wash it twice more using about 20 ml of ether ea h 
time Transfer all ether solutions to a weighed beaker washing all containers i h 
ether Evaporate the ether dry m an oven at 105° ±3 C for I hr and ie„h 
to the nearest 1 mg Repeat the drying and weighing until weight is constant to 
±1 mg The weight of the rosin thus found is assumed to be 9a% of that in the 
paper 81 

Report —Report the results as the average of at least two determinations to the 
nearest 0 1 as a percentage by weight of the moisture free paper 
Precision —Ninety five per cent of the time the results of duplicate determ na 
tions may be expected to agree within 0 2% 

MOISTURE IN PAPER, PAPERBOARD, AND PAPERBOARD 
AND riRERBOARD CONTAINERS 
This method covers the procedure for determining moisture in all papers paper 
boards and paperboard and fiberboard containers except those containing mat ft 
other than water that is volatile at I05°C This method is stmdmltfcd is WTM 
D644 55 

Apparatus Weighing Container —Airtight for weighing the specimen hetore 
uid after drying A glass weighing bottle with a ground stopper is suitable lot 
specimens of the order of 2 g The weighing bottle may be of either high or » 
form a volume of about 100 ml is appropriate An airtight metal container p rcf 
enbly containing a lightweight large mesh wire basket is suitable for larger sp cu 
mens particularly those over 1 0 g , 

Thermometer —To indicate the temperature of the drying oven This 
mometer shall include the temperature range of 100 to 110 a C and Us scale * 3 
be divided in 1 degree intervals 

si If the paper contains saponifiable fats or greases in addition to rosin the 
method described above will give results higher than the true rosin content as 7 ^ 
be included with it In this case the analyst may apply such modifications to tne 
as are considered justifiable and the report should state what modifications ot 
ard method were used 
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Drying Oven.— Constant-temperature, equipped with means for insuring adequate 
temperature control and air circulation, and preferably equipped with means for 
drying the air entering the oven. 

Chemical Balance.— Sensitive to 1 mg., for weighing specimens of 2 g. and under, 
and sensitive to 0.05% of the original weight of the specimen for larger specimens. 

Desiccator.— In which weighing containers and specimens are cooled after drying. 
It is recommended that anhydrous alumina (indicator grade) be used as the des- 
iccant. 

Test Specimens— When moisture is determined for the purpose of calculating the 
results of a chemical analysis of paper or board on a moisture-free basis, the test 
specimens shall weigh not less than 1 g., and preferably not less than 2 g. each. 
At the time of initial weighing, these specimens shall be in moisture equilibrium 
with the samples being analyzed. 

When moisture is determined for the purpose of calculating the amount of mois- 
ture in a shipment, the test specimens shall weigh not less than 50 g. each, and 
shall be taken from samples obtained in accordance with the Standard Method of 
Sampling Paper and Paper Products (ASTM Designation: D585). 

When moisture is determined on combined board or containers that are to be 
tested for other physical properties, test specimens shall weigh approximately 50 g., 
and shall be taken so as to be representative of the material being tested. In the 
case of containers, specimens shall be cut from unsealed sections, and preferably 
from unprinted sections, of tbe container, and shall be taken from each type of 
container being tested. 

Procedure .— Determine the tare weight of the oven-dried weighing container as 
follows: Heat the open container (container, stopper or cover, and wire basket, 
if any) in the oven at 105 ± 3°C. for 1 hour. At the end of that period, quickly 
close the container, remove it from the oven, and place it in the desiccator to cool 
for I hour. Remove the closed container from the desiccator, momentarily loosen 
the cover to equalize the pressure, and then weigh the container. 

Transfer the test specimen to the tared weighing container as soon as the speci- 
men is withdrawn from the sample of material under test and close the container 
immediately. Great care must be taken to avoid change in moisture content during 
the transfer of the specimen from the sample to the container. Handle the speci- 
men with tweezers or clean, dry rubber gloves. If a delay of over a second or two 
in transferring the specimen to the container is unavoidable, keep the specimen 
covered on both sides with several adjacent layers of the paper or board from 
which it is withdrawn, until it can be placed in the container. Then discard the 
protecting layers of paper or board. Unless the specimen is later to be spread out 
in the oven, avoid filling the container tightly. Weigh the closed container holding 
the test specimen, to allow calculation of the original weight of the specimen. 
The weighing container should not be touched with the fingers during these 
manipulations. 

Remove large specimens from the container. If the container has a removable 
basket, leave the specimen in the basket, and place the basket and open container 
in the oven. If the container does not have a removable basket, spread the speci- 
men in a basket or tray which will permit free circulation of air around the speci- 
men, and place the basket or tray and the open container in the oven. Heat for 
2 hours at 105 ± 3°C. Replace the specimen in its container and close the con- 
tainer, doing this, if possible, without removing the specimen from the oven. Place 
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the closed container in the desiccator and allow it to cool for 1 hour Loosen the 
top of the container momentarily to equalize the pressure and then wei«h the 
container to allow calculation of the o\en dry weight of the specimen 

Place small specimens in the drying oven without removing them from the 
weighing bottle remove the stopper of the bottle heat for 1 hour at 10a ±Jc 
close the bottle in the oven cool to room temperature in the desiccator andweioh. 
Remove the stopper momentarily just before weighing to equalize the pressure 
Repeat the required drying and weighing operations until the difference in 
weight between two successive weighings is not more than 0 1% of the weight cl 
the specimen 

Make all weighings to the nearest 1 mg for specimens of the order of 2 g and 
weigh to within 0 0 o% of the weight of the original specimen for specimens over 

2 b 

Calculation —When the percentage of the moisture based on the original teght 
is required it shall be calculated as follows 


Moisture per cent = 


If 1 - It 2 
IVl 


X 100 


where It i = original weight of the specimen and 

\V* = weight of the specimen after oven drying 
When the percentage of moisture based on the oven dry weight is required ii 
shall be calculated as follows 


Moisture pet cent = — 1 — X 100 

tl z 

where II i — original weight of the specimen and 

It 2 — weight of the specimen after oven drying 
Report— Report the moisture as the percentage loss in weight of the specimen 
to the nearest 0 1% on the basis of the original weight or on the ovendry bass 
Reproducibility of Results —The results of duplicate determinations of moisture 
should agree within 0 2% 


ASH IN PAPER 

The ash content of paper is defined as the residue after complete combustion at 
92o± 2o°C (1697 ± 45°F) The ash may consist of (a) various residues from 
chemicals used in paper manufacture (b) metilhc matter from piping a>d ffl3 
chinery (c) filling coating and pigm^nting materials and (d) mineral matter m 
the pulp from which the paper was made In general if the ash content does no 
exceed 1 to 2% no filling coating or pigmenttng material has been a f 
although pigments especially titanium pigments are sometimes used m very s®* 
amounts When filling and coating materials are present which do not 
much on ignition the ash is an approximate measure of the amount added 
method is standardized as ASTM D586 42 and TAPPI T 413 m58 
Apparatus Crucible— A platinum crucible or dish with lid or cover ,s 
mended IE not platinum porcelain or silica crucibles may be used proviu 
have previously been well baked at 925'C or more, so that their weight oes 
change upon ignition 
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Analytical B&lance.— Having a sensitivity of 0.1 mg. and with class S weights. 

Electric Muffle Furnace.— Adjusted to maintain a temperature of 925 ± 25°C. 

Test Specimen .— Obtain a representative sample of the paper and weight out a 
test specimen, preferably in duplicate, consisting of small pieces of the papei 
weighing enough to yield at least 10 mg., and preferably more, of ash. 

Determine the moisture content of the paper if not known by drying a repre- 
sentative portion to constant weight at 105 ± 3°C. This may be done, if con- 
venient, in the ignited and weighed crucible used for ashing the paper. 

Procedure .— Carefully clean the empty crucible and ignite in a muffle furnace at 
925 ± 25°C. After ignition, cool slightly and then place in a desiccator, preferably 
containing indicating-grade, anhydrous alumina. When cooled to room tempera- 
ture, weigh the ignited crucible on the analytical balance to the nearest 0.1 mg. 

If of a suitable size, place the specimen in the crucible and burn the paper 
directly over a low flame of a Bunsen burner, or preferably on the hearth of the 
furnace, until it is well carbonized. If the crucible is too small to hold the entire 
specimen, gently burn the portion added and add more as the flame subsides. 
Take care not to blow portions of ash from the crucible. Continue heating with 
the burner only as long as the residue burns with a flame. When the flame has 
died down, place the crucible in the furnace at 925 ± 25°C. for a period of at 
least 3 hours, or longer if needed to burn away all the carbon. If a lid or cover 
is used, as is desirable, place it on the crucible during the initial ignition of the 
paper at 925°C. and when the crucible and contents are red hot, slide it off to 
allow the combustion to be completed. 

When the paper is completely burned as indicated by the absence of black par- 
ticles, remove the crucible from the furnace, replace the cover, and allow to cool 
somewhat. Then place in a desiccator and cool to room temperature. Reweigh 
with the ash to the nearest 0.1 mg. and repeat the weighing and ignition until the 
weight is constant. Calculate the percentage of ash based on the moisture-free 
weight of the paper. 

Report.— Report the ash as a percentage of the moisture-free paper to the nearest 
0.05 lor papers containing 5% ash or less, to the nearest 0.1 for papers containing 
5 to 10% of ash, and to the nearest 0.2 for papers containing over 10% of ash. 

Precision.— The results of duplicate ash determination should be suspect if they 
differ by more than amounts indicated in Table 38-6. 

Table 38-6. Permissible Deviations Between Duplicates 

Weight of Ash, Maximum Permissible 
mg. Difference, mg. 

Over 50 3 

20-50 2 

10-20 1 

Additional Information.— 1. Because the ignition temperature usually affects the 
weight of the ash considerably, only values obtained at 925 ± 25°C. should be re- 
ported as being in accordance with this Standard. 

2. Paper normally contains added mineral matter which becomes the main con- 
stituent of its ash, and which is modified at high temperatures to different degrees 
depending on its composition. Accordingly it has appeared desirable to select the 
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higher temperature of 92o*C as compared with the 575°C for wood or pulp m 
order to gam better reproducibility 

3 The mam change m this reusion is to add the limits of ±25’C to thespea 
bed ignition temperature 

CASEIN IN PAPER (QUALITATIVE) 

This method is applicable only to papers m w hich the amount of casein 15 reh 
tively large for example mineral coated papers in which casein is commonly used 
as the binder It is not applicable to papers containing such small amounts ol 
casein as mas be used in the beater furnish as a constituent of the engine smn« 
etc This method is standardized as ASTAI D587-42 and TAPPI T 415 m-b 

Reagent Millons Reagent Dissolve 20 g of pure mercury in 40 g of pure con 
centrated nitric acid (HNO^ and dilute the solution to 180 ml with distiLed 
water 

Test Specimen —The specimen shall consist of about 05 g of paper cut in small 
pieces It shall be so selected as to be representative of the sample 

Procedure —Boil the specimen several minutes in a test tube with 10 ml of 1% 
caustic soda solution (Caustic soda is required to dissolve casein that has beta 
hardened bv formaldehyde or other agent) Filter off the aqueous extract cool to 
room temperature add a suitable indicator such as phenolphthalein and exactfv 
neutralize with nunc acid Add several ml of the Millons reagent On heating 
the presence of casein is indicated by the development of a red coloration of the 
coagulated casein 

Note This reaction is dependent on the presence of tvrosin which occurs in asen 
to the extent of approximatelv 5% but has been reported in only rare instances as « 
curring m animal glue and gelatin and then onlv in doubtful traces Blood albumen and 
other materials give a similar test but are not usu3llv found in papers 


PROTEINACEOUS NITROGENOUS MATERIALS IN PAPER 
(QUALITATIVE) ** 63 84 8j 


A positive result obtained by the following method shall be regarded as conclu- 
sive evidence of the presence of nitrogenous (proteinaceous) materials such as glue 
and casein in paper This method is standardized as TAPPI T 417 m-b 
Reagent Schmidts Reagent — Preoare bv dissolving 3 jr of j>ure atmnorm.3 
molybdate in 2o0 ml of distilled water and adding 2a ml of pure diluted 
acid (2 3) This reagent is not permanent and should be freshly made at frequent 


intervals 

Procedure —Boil about 0 a g of paper for several minutes with 10 ml of a c 
solution of caustic soda (Caustic soda is necessary as the nitrogenous materu 
may have been made insoluble in water by hardening treatment with * onn 
hyde or other agents) Filter off the aqueous extract and after cooling a 1 
suitable indicator, such as phenolphthalein then exactly neutralize with J 
chloric acid Add 1 volume of Schmidts reagent to 2 volumes of the aqueous 


s’ Carson F T Paper Trade J 78, 168 April 10 1924 

*3 Griffin R C Technical Methods of Analysis McGraw Hill New \ork 19-' 

s* Chem Z 36,313 1912 

ss Schmidt FarberZ 24,97 1913 
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extract. A white precipitate shows the presence of nitrogenous materials derived 
from proteins. 

Note.— T his test is very delicate. If no precipitate or only a slight precipitate is ob- 
tained, there can be no appreciable amount of proteinaceous materials present. 

STARCH IN PAPER 

This standard describes procedures for the qualitative and the quantitative 
determination of starch in paper. It is standardized as ASTM D591-42 and TAPPI 
T 419 m-60. 

QUALITATIVE 

Reagent. Iodine Solution, 0.001 N I 2 .— Make a 0.01 N stock solution of iodine 
by dissolving 0.13 g. I 2 in a solution of 2.6 g. of potassium iodide in 5 ml. of water 
and diluting to 100 ml. Dilute a portion of this to a pale yellow color (about 
0.001 N) each time a test for starch is made. 

Procedure.— A positive result obtained by die following procedure is conclusive 
evidence of the presence of starch in paper: boil about 0.5 g. of the paper speci- 
men for several minutes with 10 ml. of water. Filter, cool the filtrate, and add 
1 drop of the approximately 0.001 N I, solution. A blue coloration indicates 
starch. A faint violet coloration should be disregarded, as nonstarch constituents 
of paper sometimes give such a reaction. 

QUANTITATIVE 

This method is a colorimetric one. 80 The results are not seriously affected by 
other polysaccharides that are present in ordinary papermaking pulps. After 
extraction with water and hydrochloric acid, the starch is determined by measuring 
the absorbance of the starch-iodine complex at 580 to 610 n. A limitation in the 
accuracy of the method is differences in color produced with different types of 
starch. This has been investigated to some extent. 87 

Apparatus. Disintegrator.— To be used for disintegrating the specimen in water. 
A domestic high-speed electric mixer is most suitable for this purpose. Any other 
means for preparing the specimens, e.g., glass beads and bottle, may be used. 

Fritted Glass Filters.— These should be coarse, about 50 ml. or larger, to allow 
rapid filtration of the hydrochloric acid solutions during the extraction of the 
starch from die paper. 

Centrifuge.— Preferably with a capacity of over 50 ml. 

Spectrophotometer.— For absorption measurements at 580 to 610 mju. 

Note.— A filter comparator may be used, especially for a sample in which the type of 
starch used is unknown. In any case, use the same instrument and conditions for the 
calibration curve as for the specimen. 

Suction Flask— 500 ml. or larger, with its suction line provided with a three-way 
cock and connections so that when its suction is cut off, a slight back pressure can 
be applied to the flask by blowing through the tube attached to the three-way 
cock. 

so Browning, B. L., Bublitz, L. O., and Baker, P. S., Tappi, 35, 418, 1952. 

87 Harvey, J. L., Forshee, B. W., and Fletcher, D. G., Tappi, 42, 878, 1959. 
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Other Equipment —oO 100 and 500 ml volumetric flasks 2a and 2 a ml pipes 
and a boiling water or steam bath 

Reagents Hydrochloric Acid —Concentrated HC1 also solutions diluted 1 1 
and 1 10 

Potassium Iodide Iodine Reagent — 7 5 g KI and 5 g 1 2 per liter Dissohe j g 
I 2 in a solution of 7 a g of KI in 10 ml of water and dilute to 1 liter 

Cotton Linters 

Test Specimen —From a representative sample of the paper weigh to the neatest 
5 mg a 1 g specimen for the starch determination consisting of small strips. It 
the same tune unless the moisture content is known to wtthm 1% v eigh another 
1 or 2g specimen for a moisture determination according to TAPPI Standad 
T 412 or T 484 m 

Note Do not dry grind the paper since papers containing mineral filler may lost 
some of the filler and may also lose starch 

Procedure — Transfer the specimen cut into small pieces to the disintegraor 
disintegrate in a small quantity (60 ±20 ml ) of distilled water transfer quant 
tamely to a 2o0 ml beaker using enough rinsing water to make the specimen up 
to 100 ml Heat on the bath to just below the boiling point for 15 minutes 

Transfer the contents of the beaker to the suction crucible on the suction flat 
Drain and wash the residue with 10 to 12 ml of hot water Turn the three «av 
cock in the suction line so as to cut off the suction and connect the flask v ith the 
tube Blow gently m the tube so as to create a slight back pressure in the flask 
then turn the cock to seal it Add 2a ml of the 1 1 HC1 to the filter crucible 
allow to stand for I7a to 180 seconds and apply the suction Re establ sh the 
back pressure in the flask and repeat the 3 minute extraction with 2 o ml of the 
1 1 HC1 Dnin and reestablish the back pressure add 2 o ml of concentrated 
HC1 and allow to stand for 19 to 20 seconds Reapply the suction and irl the 
flask so as to mix the concentrated HC1 in the filtrate Wash the residue with 
about 200 ml of hot water and test for complete removal of the starch by addng 
a drop or two of the dilute iodine solution Even a trace of residua! starch i'll 
cause the appearance of a blue color 

Note —The fritted glass filters may be cleaned by passing 5 \ NaOH through the fi ier 
and washing at once with hot water 

Transfer the starch solution to a 500 ml volumetric flask cool to room ton 
perature and dilute to the mark with water Mix thoroughly and if the solution 
is turbid because of fillers or other extraneous material centrifuge approximate!' 
50 ml for 10 minutes 

Pipet 2 d ml of the clear supernatant liquid into a 50-ml volumetric flask P'P ct 
l o ml of the KI I_ reagent into the flask dilute to the mark with water and 
thoroughly Measure the absorbance at 580 nut against a reference solution pre 
pared by diluting 2o ml of 1 10 HC1 and 2 5 ml of the KI lj reagent to 50 ^ 
m a volumetric flask. Read the starch concentration from a calibration curve a 
calculate the starch content as a percentage of the oven dry paper 88 

8* As many centrifuges do not have a capacity of 50 ml a different dilution 
may be necessary A convenient procedure is to add an equal volume of a u ^ ^ 
solution containing 0 To g and 0.5 g 1 per liter (10 ml reagent B diluted to 
a volumetric flask) to the available centnfuged starch solution and measure 
mce against the reference solution prcpaied in the same way 
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Calibration Curve.— If possible, use the same starch that was added to the paper 
for preparing the calibration curve. Otherwise, use a composite mixture of three 
or four common types of starches. Weigh 0.1 g. starch corrected for moisture and 
ash into a 250-ml. beaker, add 100 ml. distilled water and heat for 15 minutes just 
below the boiling point. Add 1.0 g. cotton linters to the solution and heat 15 
minutes longer. Decant with suction through the coarse fritted glass filter, wash 
once with hot water and refilter the water through the mat. 

Proceed with the HC1 and extraction treatments exactly as. described for the 
paper specimen, diluting the filtrate to 500 ml. in a volumetric flask. Centrifuge 
a portion of this starch solution for 10 minutes and remove aliquots to prepare the 
calibration curve. Keep all die concentrations and the period between forming 
the starch-iodine complex and measuring its absorbance the same as used for die 
specimen. A suggested dilution schedule is given below. 89 


Dilution Procedure for Preparing a Calibration Curve 


Starch 

Concen- 

Total 

0.2 g./l 
Starch 


KI 

tration, 

Volume, 

Solution, 

Water,* 

Solution , b 

mg. /I. 

ml. 

ml. 

ml. 

ml. 

10 

100 

5 

0 

5 

20 

100 

10 

5 

5 

30 

100 

15 

10 

5 

40 

100 

20 

15 

5 

50 

100 

25 

20 

5 

Dilute 

to the mark in 

a volumetric 

flask with 1 

:1 HC1. 


* Graduated cylinder is sufficiently accurate. 

b Add this solution from a pipet or buret. 

Report.— Report the amount of starch as a percentage of the moisture-free paper 
to the nearest 0.1. 90 

Precision.— The standard deviation from a limited number of tests with different 
starches, using the added starch for calibrating, was about 0.06% starch. 

Additional Information . 31 — Although a limited number of experiments indicates 
that centrifuging has no measurable effect on the results, it is suggested that data 
be obtained with and without centrifuging until this is clearly established. 

This revision is comprehensive and substitutes a colorimetric starch-iodine pro- 
cedure for the previous enzymatic conversion of the starch to glucose and the 
determination of die latter with Fehling’s solution. 

so The ash content of starch can usually be neglected. Acid-modified starches, oxidized 
starches and starches containing borax may contain 1 or 2% ash. 

00 in accordance with experimental findings of Harvey, Forshee, and Fletcher, the per- 
centage of starch added to wood pulp papers is usually less than that found by this 
method, the relationship being approximately: % actual starch = (% starch found x 
1.2 - 0.3). State prominently in the report if this correction is made. 

01 Since this method was approved, it has been suggested by the Verein der Zellstoff und 
Papier Chemiker und Ingenieure that the chemical composition of the starches used and 
their subsequent oxidation, have such a marked effect on the color of the starch-iodine 
complex as to make the accuracy of this method questionable when unknown samples are 
analyzed. The "diaferman” method, described by Freezer in Die Starke, 10, 38, 1958, is 
recommended instead. This will receive attention for a subsequent revision. 
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QUALITATIVE ANALYSIS OF MINERAL FILLER 
AND MINERAL COATING OF PAPER 

This method is for the qualitative analysis of mineral constituents o! filled and 
coated papers The presence of such mineral matter is indicated by the amount 
and appearance of the ash If the ash content is not much over 1% and the ash 
is light and fluffy in character added mineral filler is probably absent If more 
than 1% and the ash is dense and compact added filler is likely unless vase 
papers have been used in the furnish this at times may be determined micro 
scopically 

The procedure described is generally satisfactory for determining the kind or 
kinds of filler used but occasionally in a borderline case a quantitative analysis 
may be necessary The presence of some fillers may be determined directly by 
microscopic analysis 

In order to interpret qualitative ash tests with greater assurance it is important 
to estimate the relative amounts of the various constituents found In this con 
nection for example the light voluminous character of an aluminum hydroxide 
precipitate should be taken into account when relating its quantity to that of a 
heavy dense precipitate like barium sulfate With flame and colorimetric tests it 
is particularly difficult to judge the relative quantities of the constituents present 
and these should be interpreted with special care 

The percentage of ash present may be determined in accordance with T 413 m 
p 1806 and the residue so obtained used for analysis This method is standardized 
as ASTM DC86 and TAPPI T 421 os 61 

Reagents Hydrochloric Acid —Concentrated HC1 (sp gr 1 19) also approu 
mately 2 N (15 ml concentrated HC1 diluted to 100 ml) 

Sulfuric Acid —Concentrated H 2 S0 4 also approximately 5% (3 ml concen 
trated H 2 S0 4 diluted to 100 ml ) 

Cobalt Nitrate Solution, 5% —Dissolve 8 g of Co(N0 3 ) 2 6H a O in 100 ml of 
water 

Hydrogen Peroxide —30% H 2 0 2 or a solution of 3% USP H a O_ used in pro- 
portionately greater quantities 

Lead Acetate Paper —Immerse strips of filter paper in a saturated solution of 
Pb(C 2 H a 0 2 3H 2 0) 

Lime Water, Saturated Solution —Dissolve about 0 2 g of Ca(OH) 2 in 1 00 ml 
of. water. and. 6 hex. 

Magnesium Reagent —Dissolve 0 5 g of p nitrobenzeneazoresorcinol m 100 ml 
of 1% NaOH solution 

Microcosmic Salt Solution —Dissolve 5 g of NaNH 4 HP0 4 in water and dilute 
to 100 ml 

Ammonium Sulfate, (NH 4 ) 2 S0 4 , Crystals 

Sodium Carbonate, Na 2 C0 3 , Powdered , 

Other Reagents —Acetic acid CH a COOH (sp gr 1 05) ammonia concentrat 
NH 4 OH ammonium chloride 10% solution NH 4 C1 ammonium oxalate 3 c 
solution (NH 4 ) 2 C 2 0 4 HoO barium chloride 10% solution BaClj 2H»0 
sium dichromate 4% solution K 4 Fe(Cn) ft 3H<>0 sodium hydroxide 10% s° u 1 
Iv 4 Fe(Cn) 6 3H 2 0 sodium hydroxide 10% solution NaOH 

Apparatus Platinum Crucible 

Charcoal Black and Blowpipe 
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Platinum Wire Needle. 

Test Specimen .— Select sufficient paper, representative of the sample, to yield 
approximately 0.15 g. of ash. Ash at a temperature of about 600°C. Retain 
portions of the original paper for testing for sulfites, sulfides, and carbonates since 
these are altered in composition by ashing. If the paper is coated and separate 
analyses of filling materials and coating minerals are desired, remove the coating 
by the procedure described in T 407 m, p. 1799. Evaporate the aqueous mixture 
containing the coating minerals to dryness and ash the residue. Also ash the base 
stock and analyze these two portions separately. 

Note.— I f synthetic coating adhesives are used in place of starch or casein, enzymatic 
stripping will not woik. In this case, scrape the coating of! the surface with a razor blade. 

Procedure .— An outline scheme of the complete procedure is given in Fig. 38-22. 

(1) Sulfite, Sulfide and Carbonate.— Treat a portion of the unignited coating or 
paper sample in a small beaker or test tube with 2 N HC1. Note whether effer- 
vescence takes place and the odor, if any, of the escaping gas. SO, and H 2 S indi- 
cate sulfites and sulfides, respectively. Warm the contents of the beaker and test 
the vapor with moistened lead acetate paper. The development of a metallic 
gray or black color confirms the presence of sulfide. In the absence of sulfides, 
add either a small crystal of potassium dichromate or a few drops of a 4% solution 
to a small portion of the HC1 solution. A green coloration indicates a reducing 
agent; in this case probably a sulfite. 

Note.— A s far as is known, mixtures of sulfites and sulfides are not used in loading or 
coating paper. 

If sulfites and sulfides are absent, effervescence alone is a good indication of the 
presence of a carbonate, which may be confirmed by holding a glass rod with a 
drop of saturated lime water just above the solution. A cloudy precipitate indicates 
the presence of CO,. This precipitate may later dissolve. A confirmatory test for 
CO, in the presence of sulfites is to add to the contents of the beaker, a weak 
solution of iodine (about 0.1 A') drop by drop until the entire liquid is colored 
yellow to oxidize the sulfites to sulfates. Then test with lime water on a glass rod 
as described. 

(2) A1 or Mg Silicates, Ca or Ba Sulfates, Ti0 2 .— To approximately 0.05 g. of ash 
add 10 g. of (NH 4 ) 2 S0 4 and 20 ml. of concentrated H,S0 4 . Cover with a watch 
glass and boil vigorously for at least 3 minutes. 

Considerable undissolved matter indicates the presence of aluminum and/or 
magnesium silicates and/or diatomaceous earth. If the hot solution is clear, alumi- 
num or magnesium silicates and diatomaceous earth are absent. (Calcium and 
barium sulfates will be dissolved unless the specimen being tested weighs much 
more than 0.05 g.) 

Decant some of the liquid portion, cool, and dilute it cautiously with a portion 
(up to about five times its volume) of cold water. The formation of a precipitate 
on dilution, indicates the presence of barium sulfate, which is relatively soluble in 
hot concentrated H,S0 4 . 

Mix the diluted mixture with the remainder of the undiluted mixture from the 
concentrated H,S0 4 treatment and add sufficient water to make the ratio of H,0 
to H,S0 4 about 5 to 1. (If the original H,S0 4 solution was clear, dilute it 5 to 1 
by adding water cautiously after cooling.) Filter out any residue, and to the 
cooled solution add 1 ml. of 30% H,0,. A deep yellow or orange color indicates 



(I) Original paper 
Treat with 2 h HCl 
* 

Gas formed 


Teat with lime water 


(2) 0 05 e o! ash 

Treat with (NH.bSO. and hot cone HjSO, and decant 


At and/or Ms silicates and/or dictomaceous earth 

1 


Liquid 

Dilute with equal void Hfl 
Precipitate (BaSOJ 


a other, dilute to 100 ml and filter 


Residue 

* 

Teal m fi ime 


Filtrate 

Add 1 mL of 307o 11 A 
Yellow orange color - Ti 


f3) 0 1 K of ash 
Treat with HCl^and filter 


(4) Filtrate 
Divide into « parts 


To >/» add B iCli To '/a Jdd T K,Fe{CN). To ■/ add N H.OH and NH.CI and filter To »/„ a dd mg reagent wilkc 

\ Ppt. - SO. Ppt - In Floe ppt. - acid sol At nitrate Mtj blue ppt Mg l_ 

Add (NH.hCOi Mi* with ha,CO,*MiCo('ft 
Ppt. - Ba or Ca Blowpipe and ctareod 

Add acetic acid and KjCrjOi Blue color ■ A1 


Yellow Ppt - Ba 
(5) Insoluble in HCl 

Fine with Na,COi, dissolve in H«0 anJ filter 


Filtrate 
Add (NHiJiOO. 


Add HCl ev iporate, b&Vi, 

Into up with HCl and filler 

Filt raU. Insoluble — SiOi 


Insoluble 

* 

Warm with HCl and filter 


White Ppt. - C* 

Check by fianveW* 


To */. add BuCI To •/. add NH.OH 


(7) Filtrate 
Add NH.OH and filter 


‘11 arm « ith HCl If not dissolved 
add HjSO., evaporate to expel SO., 
cool, dilute with HtO and filter 


Add bod andj ltfL- 


Filtrate 

Add NaOH and filter 


. Fi-tra-e 

Ppt - Ba J 

tdd NH.OH and (NH.hCA*^ 




Ppt. — Ti Filtrate 

Acidify With HO, boil, and add NH.OH 
Ppl.*- 


Filtrate 

♦ 

Add microcosnuc sail 


. Ppt. - Mg nUSi< 

1 Thu procedure is neeewao only if both Ti and HCI-insoliible A1 compounds are present and it M neceiotf 
amounts of Ti and A1 
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the presence of titanium, the depth of color being proportional to the amount 
present. If only a very light yellow color is produced, it may be caused by TiO, 
from clay, if present, or derived from TiOo in the mill water. 

The presence of barium or calcium in any insoluble residue can be determined 
by a flame test. Filter the solution, wash the residue with 5% H 2 S0 4 , dip a clean 
platinum wire into the moist residue, and hold it in a Bunsen flame. A green 
flame indicates the presence of barium, a red flame indicates calcium, and a yellow 
to colorless flame indicates aluminum or magnesium silicates, or both. 

Note.— CaS0 4 is quite soluble in dilute H 2 S0 4 and ma; not be observed at this step. 

(3) Sulfide, Sulfite, and Carbonate.— Treat 0.1 g. of the ash with 10 ml. of water 
and 5 ml. of concentrated HC1. Effervescence, as with step (1), indicates the 
presence of a carbonate or sulfite. Withdraw 1 or 2 ml. of the solution and add 
two drops of 4% K 2 Cr.,0 7 solution. A green coloration indicates sulfite. 

Heat the contents of the beaker to boiling and test the fumes with moistened 
lead acetate paper; the development of a metallic gray or black color indicates the 
presence of sulfides. These tests should be checked by tests made on the original 
specimen of paper since carbonates may be lost, sulfates may be reduced to sulfites 
or sulfides or sulfites oxidized to sulfates, depending on the temperature and oxidiz- 
ing conditions during ignition. 

Noil.— I f the temperature of ashing is o\er 900°C. as specified in T 413 m, no carbonates 
will be present and am sulfites piobabh would be oxidized to sulfates. 

Boil the mixture for at least 5 minutes unless complete solution occurs sooner. 
Add 35 ml. of water, and again heat to boiling. If this solution is not clear, filter 
and wash twice with water, reserving the filtrate for analysis of the acid-soluble 
portion. Wash the insoluble residue thoroughly and discard the washings. Reserve 
the acid-insoluble portion for later treatments (4) and (5). 

(4) Sulfate, Zn, Mg, Al, Ba, Ca.— To one-fifth of the acid-soluble portion from 
(3) add 1 ml. of BaCl 2 solution. A precipitate that appears immediately or after 
heating for 10 minutes, shows the presence of sulfates. To another one-fifth por- 
tion add a few milliliters of potassium ferrocyanicle solution. A heavy white pre- 
cipitate indicates the presence of zinc. The presence of zinc may be confirmed 
by the red color produced in the caustic soda-dithizone test. 

To a small portion of the other three-fifths of the solution (about one-tentli 
of the total) add one or two drops of the magnesium reagent and make alkaline 
with NaOH solution; a sky-blue precipitate indicates the presence of magnesium 
but all other minerals commonly used in paper give a violet coloration to the 
solution. Take care not to add an excess of the reagent, since it is liable to mask 
the blue precipitate. If in doubt, filter the solution and examine the filter paper 
for the presence of a blue precipitate. 

Mix the solution with an excess of Na 2 CO s on a charcoal block, and moisten 
with a very small amount of Co(N0 3 ) 2 solution. A permanent blue coloration 
upon heating with a blowpipe flame confirms the presence of aluminum. (Take 
care not to mask the blue coloration by using an excess of cobalt nitrate solution.) 

To the remainder of the solution add an excess of NH 4 OH and NH 4 C1 solutions. 
Aluminum will appear as a white floe if it is present in acid-soluble form. Filter 
and add (NH 4 ) 2 C0 3 solution to the filtrate. A white precipitate indicates the 
presence of barium and calcium. Without filtering, make the solution acid with 
acetic acid (which dissolves the precipitate) and add K 2 Cr 2 0- solution. If barium 
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is present m an acid soluble form a yellow precipitate will show its presence 
Filter and add an excess of (IsH 4 )_C0 3 solution Since barium is removed by the 
preceding step a white precipitate indicates calcium Chech the precipitate lor 
c ilcium by a flame test 

(5) Silicate, Sulfate A1 —Place the unfolded filter paper containing the remainder 
ot the acid insoluble portion from (3) in a platinum crucible Dry and ignite nth 
tiee access of air until all organic matter is removed Add 1 to 2 g of Na 2 C0,and 
fuse until a clear melt is obtained or until all reaction has ceased Decompose 
the melt m 2a ml of hot water heat to boiling filter and wash the paper thor 
oughly with water Resene the filtrate and the first two washings for the analyser 
of the water soluble portion for silicate and aluminum 

Wash the insoluble portion from the filter paper bach into the original bealer 
with a stream of water place the beaher under the funnel and pour 10 ml of 
hot concentrated HCI through the filter paper Resene the contents of the beaher 
for analysis of the water insoluble portion according to section (6) 

Make the water soluble portion slightly acid with HCI evaporate to dryness in 
the platinum dish and bike at 150° ± S°C for ^ to I hour Moisten the residue 
with concentrated HCI let stand a few minutes then add 5 to 10 ml of dime 
HCI and warm A light flocculent insoluble residue in the solution indicates the 
presence of silicate which is best obsened by \iewmg against a dark background 
Filter and to one fourth of the filtrate add BaCl_ solution a precipitate ind cates 
sulfates To the remainder of the filtrate add NH 4 OH A precipitate ind cates 
aluminum 


(6) A1 Fe Ba Mg— Warm the acid solution of the water insoluble port on 
from (5) until no more material dissohes add 50 ml of water boil and add a 
very slight excess of NH 4 OH to precipitate aluminum (and iron) Filter and i ash 
reserve the precipitate for analysis according to (7) below To the filtrate add 
5 ml of 5% H 2 S0 4 to precipitate barium boil and filter Make the filtrate 
ammomacal add a little ammonium oxalate solution to insure the absence ol 
calcium filtering if any precipitate appears then add to the cold solution a ml 


of NH 4 OH an excess of microcosmic salt solution and stir well A precipitate 
appearing m 15 minutes will indicate the presence of magnesium compounds 
(7) Ti and AI —The following procedure is necessary only if both titanium > n 
HCI insoluble aluminum compounds are present and it is desired to estimate the 
relative proportions of titanium and aluminum Wash the insoluble precipitate 
obtained by addition of NH 4 OH in (6) with water and then transfer it to the 
original beaker with a stream of water Add 5 ml of concentrated HCI and vsann 
If solution is not complete add 3 ml of concentrated HjS 0 4 and heat until solu 
tion occurs, then drive off the S0 3 fumes over a free flame under a hood Cw 
and dilute to 3o ml Any Ba50 4 not decomposed by the Na.CO^ fusion wd c 
insoluble at this point and should be removed by filtration Make the soluto 
neutral with 10% NaOH and add an additional volume equal to that o c 
neutralized solution Heat to boiling cool and filter Titanium hydroxi e^rc 
mains insoluble Neutralize the filtrate with HCI heat to boiling and make slig 


ammomacal If any precipitate forms it is Al(OH) 3 ^ 

Report —Report all cations anions and radicals found and indicate then 
tive amounts present such as trace slight amount considerable large amount^ ^ 
It is desirable also to interpret and report results of the analysis in terms o 
fillers or mineral coating materials indicated to be present 
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Interpretation of Results.— For the fillers listed, positive tests will be obtained 
in the procedural sections indicated. See also Additional Information, below. 

Calcium carbonate— Ca (4), CO 2 (1). 

Calcium carbonate with magnesium hydroxide or carbonate— Ca (4), Mg (4), C0 2 (1). 

Calcium sulfate— Ca (4), SO 4 (4). 

Calcium sulfite— Ca (4), S0 2 (1). 

Barium carbonate— Ba (4), C0 2 (1). 

Barium sulfate— Ba ( 6 ), SO 4 (5). 

Lithopone— Sulfide (1), Zn (4), Ba ( 6 ), SO 4 (5). 

Zinc oxide— Zn (4). 

Zinc sulfide— Zn (4), Sulfide (1). 

Titanium dioxide— Ti (2), or (7). 

Titanium dioxide-barium sulfate— Ti (2) or (7), Ba ( 6 ), SO 4 (5). 

Titanium dioxide-calcium sulfate— Ti (2) or (7), Ca (4), SO 4 (4). 

Satin white (coating)— A1 (4), Ca (4), SO 4 (4), C0 2 (1). 

Clay-Al (5) and (7), Si0 2 (5). 

Talc or asbestine— Mg ( 6 ), SiOo (5). 

Diatomaceous earth— Si0 2 (5). 

Additional Information .— The analysis can be considerably simplified if it is 
desired only to establish the presence or absence of a particular filler. 

The use of sulfides as filling or coating materials in the paper industry is restricted 
to ZnS alone or in combination with BaS0 4 (lithopone). A positive test for Zn 
in the absence of sulfide indicates the use of ZnO in the paper. A combination 
of the oxide and sulfide cannot be identified as such. The amount of zinc pig- 
ments in paper can be determined by TAPPI Standard T 438 m. The use of 
sulfites is restricted to calcium sulfite. 

Most commercial fillers contain impurities that may lead to incorrect conclusions 
if only small amounts or traces of constituents are found. For example, satin 
white may contain carbonate; clays, especially domestic clays, contain a small 
quantity of titanium and clays may also contain calcium and magnesium; titanium 
dioxide may contain small amounts of aluminum and sulfate; calcium fillers may 
contain magnesium; sulfide and sulfite fillers usually contain sulfates. 

The common use of alum in papermaking leads to the presence of aluminum 
compounds in appreciable quantities, even when fillers are absent. Small quanti- 
ties or traces of calcium, magnesium sulfates, etc., are observed in many papers 
containing no filler and are derived from the mineral constituents of the pulp 
or left in the paper before drying, particularly from a mill in which the water 
is hard. 

Carbonates together with considerable acid-soluble calcium indicate the presence 
of calcium carbonate which may exist as chalk or whiting. If HCl-soluble mag- 
nesium is also present, a mixture of calcium and magnesium carbonates is indicated. 
A combination of barium and carbonate may exist as witherite. Barium in this 
form will be shown in the HCl-treated portion of the ash since barium sulfate is 
insoluble in dilute HC1. 

A positive test for acid-soluble sulfates and calcium indicates the use of calcium 
sulfate as crown filler, gypsum, satin white, etc. If considerable HCl-soluble alumi- 
num is also present in the coating, the mineral used may be satin white. If carbon- 
ates are used in conjunction with sulfides, there may be a positive test for sulfates 
when none are present. 

A positive test for calcium and sulfite indicates the presence of calcium sulfite. 

The presence of considerable magnesium and silicate indicates the use of talc, 
agalite, or asbestine. Silica may also indicate the presence of diatomaceous earth. 
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lhe characteristic diatom forms may be readily recognized on microscopic exanu 
nation 

The residue from the portion of the ash treated with concentrated H,SO nrn 
be day talc diatomaceous earth or a mixture of these substances A positn e test 
for aluminum indicates that day was used 

Barium sulfate (barytes or blanc fixe) is indicated by the formation of aprecipi 
tate on the dilution of the H_S0 4 solution and by a positive flame test for bar um 
on the residue 

Titanium may be present as titanium dioxide alone or mixed with barium or 
calcium sulfates Titanium barium mixtures are not lively to be found in paper 
made in North America but titanium calcium mixtures may be found in papers 
made in America and abroad 

Any of these may be used in conjunction with other fillers— for example v ih 
clay The quantitative determination of titanium pigments in paper is gnen in 
T APPI Standard T 439 m 

A microscopic examination of the ash (see T 488 sm) usually proses tobei 
useful adjunct to chemical analysis and if possible should be attempted 

WATER-SOLUBLE ACIDITY OR ALKALINITY OF PAPER 

This method is not applicable to highly alkaline papers such as those coo tail n; 
casein or calcium carbonate This method is standardized as ASTM Do48 41 and 
TAPPI T 428 m 45 

Apparatus —The special apparatus tequired for this test is a grinder which will 
completely disintegrate the paper without heating or contaminating it and a steam 
or oil bath which can be maintained at 100°C The grinder shall be a koerncT 
type or its equivalent 

The balance used for weighing shall be sensitise to 1 mg 

1 he glassware shall be acid and alkali resistant 

Reagents Sodium Hydroxide Solution, 0 01 N — Comeniently made b) dilutug 
100 ml of 0 1 A NaOH to 1 liter with freshly boiled and cooled distilled water 

Hydrochloric or Sulfuric Acid, 0 01 N 

Phenolphthalein Indicator Solution 

Test Specimen — The specimen for test shall be cut from the test sample iniuih 
a way as to be thoroughly representative of it and shall be completely disintegrate 
in the grinder 

Procedure —Allow the ground specimen to come to moisture equilibrium «ith c 
atmosphere of the balance case and weigh at the same time 5 g portions (to nearest 
1 mg) for the acid extractions and moisture determination Determine tlie mos- 
ture content on one portion by ASTM Standard D644 55 (p 1801) Transfer » 
other weighed portion to a 500 ml Erlenmeyer flask and add 250 ml of 
water In some cases, the fibers absorb water slowly and tend to float on tne ^ 
face of the water This is avoided by first adding small portions of the 
shaking well until the fibers aie thoroughly saturated After die water » * ^ 
affix to the flask a stopper containing a narrow glass tube about 30 in in » 
which serves as a condenser A soil digestion flask which has a ground glass s p ^ 
and condensing tube in one piece or a rubber stopper covered w ith _ me ^ ntcnts 
may be used Place the flask in a heating bath which will maintun t e ^ 
of the flask at 98 to 100*C Heat at this temperature for I hour wit °“ uthntT 
shaking At the end of this period pour the contents of the flask on a 
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funnel (without other filtering medium) and wash the fibers remaining in the flask 
into the Buchner funnel with 10 ml. of water. Apply strong suction to the fibers, 
then cool the extract rapidly and titrate it as soon as it reaches room temperature. 
Add phenolphthalein indicator and if the extract remains colorless, determine the 
acidity by titrating with 0.01 N NaOH until the first appearance of a permanent 
pink coloration. If on addition of phenolphthalein, the extract has a pink color, 
determine the alkalinity by titrating with 0.01 N HC1 or H 2 S0 4 until the color is 
just discharged. Make a blank titration on 250 ml. of the water heated for 1 hour 
in the same bath and with the same glassware used for the extractions. 

Each test result used in calculating the acidity or alkalinity shall be the average 
of not less than two determinations. The percentage results of duplicate determi- 
nations shall agree within 0 . 01 . 

Report.— Total acidity or alkalinity shall be expressed as a percentage of the 
moisture-free paper in terms, respectively, of sulfuric anhydride, SO s , or in terms 
of sodium oxide, Na„0, to the nearest 0.01. They are calculated as follows: 


Let T\ 
To 
t 

Ai 
No 
and W 


= ml. NaOH required to neutralize extract, 

= ml. acid required to neutralize extract, 

= ml. of NaOH required to neutralize the blank, 
= normality of NaOH solution, 

= normality of acid solution, 

= weight of test specimen less moisture. 


Then (1) per cent SO 3 = 


(Tj - t) X Ni X 0.04 X 100 
W 


or ( 2 ) per cent Na 20 


{To X No + t X A r i) X 0.03 X 100 
W 


Additional Information .— This method is based on the method for acidity de- 
scribed by S. Kohler and G. Hall in The Paper Industry 7, No. 7 (Oct. 1925), with 
some modifications developed at the National Bureau of Standards. In this revised 
method, one extraction is specified instead of the three extractions originally speci- 
fied, because Kohler subsequently found that one extraction is sufficient for classi- 
fication of paper. In “Investigation into the Determination of Acidity and Copper 
Number in Paper, Statens Provingsanstalt,” Stockholm, Meddelande 56, 1932, it is 
stated that the acid number thus obtained is about % of that obtained by three 
extractions. 

Studies of this method and other acidity methods are reported by Wehmhoff and 
by Wehmer in Technical Association Papers (TAPPI), May, 1930, and May, 1931. 

The Koerner type of grinder is described in National Bureau of Standards Re- 
search Paper RP295. 


ALPHA-, BETA-, AND GAMMA-CELLULOSE IN PAPER 

Cellulose consists analytically of three fractions, alpha, beta, and gamma. In this 
method the alpha-fraction is the cellulose which can be filtered out of a mixture 
consisting of the fibrous material and 7.3% sodium hydroxide solution of maximum 
dissolving power, after the fibers have previously been swollen with 17.5% sodium 
hydroxide solution. The beta-cellulose is taken as that fraction which precipitates 
at room temperature (15 to 35°C.) after the filtrate has been acidified, whereas the 
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gamma fraction remains in solution After separation the alpha cellulose is deter 
mined either by drying and neighing or volumetrically by oxidation with bichro- 
mate Both methods tor alpha cellulose aTe capable of the same reproduction 
and gi\e practically the same \alues In the volumetric method no moisture or ash 
determinations arc made and 1 much smaller sample is used resulting m a shorter 
and more rapid procedure Tor beta and gamma cellulose, only the volumetric 
method is practicable 

Hie method of sepiriting the alpha from the other two fractions is intended 
primarily for pipers made from rags or chemical wood fibers If the analyst desires 
information as to the applicability of the method to papers containing large 
amounts of lignin such as newsprint, he is referred to the original literature 11 » 
for details of technique This method is standardized as ASTM D58842 and 
TAPPI T 429 m 48 

Apparatus —The special apparatus required for tins test is 
A disintegrator which will completely disintegrate the paper without heatiig 
or contaminating it A Koerner type or its equivalent shall be used This is de- 
scribed in the literature •* 

A device with which unilorm mixture of the ground material can be secured 
A mixer is easily constructed by fitting a crock or bell jar, of approximately equal 
diameter and depth with a wooden lid, through which runs the shaft of an elecuc 
fan, vanes being properly placed to produce turbulence Twenty to forty seconds 
at full speed normally suffice longer periods result in separation of the light 
material from the heavy 

A water bath which can be maintained at 20 0 ± 0 1°C 
For the determination of bichromate, an indicator may be used as described 
below, but for rapid accurate analysis electrometric apparatus is recommended 
An ordinary potentiometric circuit with a platinum wire electrode and crude 
calomel half cell is suitable More simply, a nichrome wire may be substituted for 
the calomel cell The nichrome wire is prepared for use by heating momenta ily 
to bright redness and then scraping the surface clean with a knife The potentio- 
metric arrangement may consist of a galvanometer with a sensitivity of 05 to 1 
microamp per mm scale division a dry cell and a sliding contact rheostat having 
a total resistance of approximately 400 ohms Smaller rheostats will suffice but thev 
drain the dry cell more quickly The simplest form of the apparatus is shown in 
Fig 38 23 The large deflection at the end point is unmistakable from p 0SS1 c 
..slow xcaqniiyj-cUmijo- .th*> xitcaunn T!mgmkaimmfttr:>\i*ju]uisted to zero by varying 
the resistance at the beginning of the titration 

Reagents. Sodium Hydroxide Solution, 17.5% (5 24 /V) —Allow a 50% solutton 
of cp NaOH to stand about 1 week in a stoppered vessel to permit settling 0 
Na^CO-j Draw of! 2 00 ml of the supernatant liquid with a pipet, add a 
50 ml of distilled water and 1 ml of 1 5 A/ BaCl 2 solution to lessen the e e ct 
C0 2 on the end point, and titrate with standard 1 N hydrochloric acid 
phenolphthalein as indicator Knowing the approximate normality of the cone 
trated NaOH, dilute it with distilled water to 5 24 ± 0 03 IV, checking the lU ^ 
NaOH by titrating 10 00 ml of it as before, and diluting further, if ne ^ es5a 0jc< 
obtain the normality specified, which will correspond to a strength of 17 * /c 

s’ Launer, H F J Research Natl Bur Standards 18, 333 March, 1937, RP9’9 

93 Launer, H I Ibid , 20, 87, Jan . 1938 RP1068 

9< Burton, J D, and Rasch, R H Ibid 6, 603, April, 1931, RP293 
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(The final solution should have a density of 1.194 ± 0 001 at 15°C or 1 192 ± 0 001 
at 20°C ) 

Potassium Bichromate Solution.— Dissolve 90 0 g of cp. moisture free (100— 
105°C ) K 2 Cr 2 0 7 in hot water (70-90°C ) and dilute to 1 liter after allowing the 
solution to cool 

Ferrous Ammonium Sulfate Solution.— Dissolve 195 g of cp Fe(NH 4 ) 2 (S0 4 ) 2 
6H,,0 in water containing 10 ml of concentrated H 2 S0 4 and dilute to 1 liter 
If the solution is kept out of contact with oxygen, by a slow, continuous stream 
of iiychog eii, for example, its strength will re 
main quite constant The amount of H 2 thus 
used is about one fifth of a 200 cu ft cylinder 
per year This is not necessary, but reduces the 
frequency with which the bichromate ferrous 
ammonium sulfate ratio must be determined 
from daily to two or three times monthly 
Acetic Acid Solution (for gravimetric proce- 
dure).— Prepare a solution of acetic acid approx- 
imately 10% by weight 

Bichromate Indicator.— If electrometric appa- 
ratus is not available, dissoh e 0 3 g of barium 
diphenylaminesulfonate and 0 5 g of Na 2 S0 4 
in 100 ml of water Use 5 to 10 drops in a 
solution sufficiently dilute foi good observation 
of the end point, which is from red to gieen 
As an alternative, the outside indicator potas 
sium fcmcyamde solution may be placed in 
drops upon white porcelain The end point 
occurs when a drop of the solution being ti 
tiated turns a drop of the indicator blue 
Barium Chloride, 1.5 M .— (For use in stand 
ardizing the 5 24 N NaOH ) Dissoh e 37 g of 
BaCl, 2H a O in water and dilute to 100 ml 
Sulfuric Acid, 12 M— Cautiously add 3 vol- 
umes of c p concentrated H 2 S0 4 (sp gr 1 84) 
to 2 tolumes of water The water is contained m a Pyrex flask, cooled by tap 
water, and the acid is added in small portions, shaking after each addition 
This acid is then approximately 72% by weight 
Sulfuiic Acid, 6 N— Dilute 1 \olume of the 12 i\I sulfuric acid to 3 5 tolumes 
in a graduated cylinder After mixing, standardize against the 5 24 N NaOH and 
then add sufficient water to gne a normality ol 6 0 ± 0 1 

Test Specimen.— The test specimen shall be cut from the sample in such a way 
as to be thoioughly representatn e of it It shall be reduced to cotton-like foim 
in the disintegrator and then thoroughly mixed If the paper is mineral coated, 
lemote the coating before analysis accoiding to the procedure described in TAPP I 
Standaid T 407 m (p 1799) 

Piocedme fo i Alpha Cellulose. Volumetric Method. 0 -— Pei form all opeiations 
(except weighing) described in the following paragraph and keep all liquids, as 
nearly as possible, at 20 0 ± 0 1°C 

Weigh 0 3 g ±10 mg of the specimen in a 100 ml beaker Add 20 0 ml of 



Ftc 38 23 Electrometric Apparatus 
for Titrating Potassium Bichromate 
with reirous Ammonium Sulfate 
Solution 
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17 ISiOH solution macerate until the fibers are uniformly wet and dispersed 
and let stand 10 minutes from the time of addition of NaOH Then add 33 0 ml 
of water stir the mixture thoroughh and let stand 1 hour longer stunn? onct 
during the inters il After stirring once more pour about a ml of the unsett] c 
mixture on an 80 mesh copper or brass w ire screen fitted into a Gooch out bit 
The crucible tnd ring are supported by a funnel fitted into the neck of a 100-ml 
volumetric flask with a rubber stopper through which passes a glass tube for sue 
tion Form a mat with gentle suction (pressure differential 10 to 20 mm of H 
Avoid excessive packing of die fibers as this retards filtering It may be nece&an 
to refilter the first filtrate but loss ol small amounts of alpha cellulose to the fil 
true does not affect the results appreciably I’our the remainder of the mixiun 
on the mat and before the last ol the liquid has run through wash the beakei 
and the mat with 3a ml of water 

Moisten the residue of alpha cellulose with water and remote it from the ou 
able Place the crucible upright in a 400 ml beaker fill it with 2a ml of 1’ 11 
H 2 S0 4 at room temperature and rinse it after a few minutes with aO ml mor< 
of the acid Disintegrate the alpha cellulose pad in the acid using a thermometei 
as a stirring rod Add to the alpha cellulose solution with a pipet 2a 00 ml ol 
the bichromate solution and heat at 140 to 150 C for 10 minutes Bubble air mi 
fine stream through the solution to present bumping and keep the beaker coiered 
with a watch glass notched to permit entrance of the thermometer and the bubbl t 
tube 

After the solution has cooled to 130 C add a0 ml of water rinse the thermom 
eter etc and cool the solution to 60°C or lower Titrate the remaining b chro- 
mate v ith the ferrous ammonium sulfate solution 

Pipet exactly half of the filtrate from the alpha cellulose after all fibers present 
ha\e settled into a 400 ml beaker containing a 0 ml of the bichromate solut on 
If the paper contains oxidizable fillers such as ZnS pigment or CaS0 3 filter the 
filtrate once through a thick pad of asbestos in a Gooch crucible before tah i g the 
portion for analysis (Such fillers remaining with the alpha cellulose ma\ 
some error but this is usually slight) Cautiously and with constant stirring p>“> 
50 ml of concentrated HoS0 4 down the side of the beaker containing the p 0 tw>n 
of the filtrate then heat and titrate as before { 

The amount of bichromate solution consumed m milliliters is calculated fotta 
fraction as follows 

(A) For alpha fraction ml — 25 — (ti X r) 

(B) For filtrate ml = 2(5 — n X r) 

where v l and v 2 represent the volumes of ferrous ammonium sulfate necessary^ 
titrate the bichromate remaining after oxidation in the two cases respective!) 
r is the volume of bichromate solution equivalent to 1 ml of ferrous amnion 
sulfate solution determined frequently by titrating o ml of bichromate so 
in 100 ml of I I H S0 4 The alpha cellulose percentage of the total cellule 
calculated from the volumetric data by substitution in the following equation 

Alpha cellulose % - ^ 

Note— T he original literature 92 should be consulted if the analyst is in doubt 
further details of these calculations 
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If rosin, starch, or glue is present, the bichromate volumes are previously cor- 
rected as follows: The amounts of sizing materials remaining with the alpha-cellu- 
lose are taken as 0 . 25 % glue, 0.2% starch, and 0.2% rosin, based' on the dry weight 
of the paper. These are average values, but actual amounts were found to vary 
not more than 0.1 from them, irrespective of the content of glue,' starch, or rosin 
in the papers. 

As an example, if a paper were found to contain 3.4% glue, 0.7% starch, and 
1.1% rosin, then the sizing materials reaching the beta-plus-gamma portion would 
be 3.15, 0.5 and 0.9%, respectively.- After diese values are converted into weights, 
they may then be converted into milliliters of the bichromate solution by dividing 
each weight by the corresponding bichromate factors, which are 0.0154 g. per ml. 
for glue, 0.0129 g. per ml. for starch, and 0.0066 g. per ml. for rosin. The resulting 
volumes in milliliters of the bichromate solution are subtracted from the volumes 
of bichromate consumed by the alpha and by the beta-plus-gamma fractions, which 
are then substituted in the equation given. , 

Gravimetric Method.— Allow the specimen to come to moisture equilibrium with 
the atmosphere of the balance. Weigh, to the nearest milligram, 1.5 g. of the 
specimen for the alpha-cellulose determination. Weigh at the same time samples 
for moisture and ash determinations, and for determinations of such other non- 
cellulose components as may be found necessary for calculation of the total cellu- 
lose content, such as fillers and sizing materials. Determination of the amounts of 
such materials shall be made according to the TAPPI standard methods. 

Perform all operations and keep all liquids, as nearly as possible, at 20.0 ± 0.1 °C. 
Add 100 ml. of 17.5% NaOH solution to the sample in a 400-ml. beaker. Macerate 
until uniformly wet and dispersed,' and let stand 10 minutes from the time of 
addition of NaOH. Dilute with 165 ml. of water, stir the mixture thoroughly, and 
let stand 1 hour longer, stirring once during the interval. After stirring once more, 
pour the mixture upon a medium-weight cotton cloth cut to fit a 7.5-cm. Buchner 
funnel, the cloth having been previously washed and the fitted piece dried to con- 
stant weight at 100 to 105°C. and weighed in a weighing bottle before use. Remove 
by refiltration any fibers passing through the filter.. Before the last of the liquid 
has run through, add water, break up the pad well with a pointed stirring rod, and 
keep in a loose condition until 200 ml. of wash water have passed through. Then 
cover the alpha-cellulose with 10% acetic acid and allow to soak for 5 minutes, 
after which pass an additional 500 ml. of wash water through while breaking up 
the pad with the pointed stirring rod. 

Dry the alpha-cellulose overnight on the cloth in the original weighing bottle 
at 100 to 105°C., cool, and weigh it. Determine the ash content and correct the 
weight accordingly. The sizing materials, if any, remaining with the alpha-cellulose 
are taken as 0.25% glue, 0.2% starch, and 0.2% rosin, based upon the dry weight 
of the test specimen, and the corresponding weights subtracted from the total. 

Report for Alpha-Cellulose.— The percentage of alpha-cellulose shall be based 
upon the total cellulose, including pentosans, but excluding moisture, ash, rosin, 
or any sizing or odier added non fibrous materials. All determinations of alpha 
cellulose shall be made in duplicate, the results of which shall agree within 0.4 or 
better, and the average shall be expressed, to the nearest whole per cent. The 
report shall state whether the volumetric or the gravimetric method was"used. : 

Note.— The precision of the volumetric method is much greater than these reqtiiie- 
ments would indicate. It is felt, however, that the average value of two determinations 
which differ by 0.4, when expressed in per cent, adequately represents the sample as 
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prepaied for testing When howevei a given sample is ground 3iid tested in differet 
laboratories greater disagreement may aiisc due to the differences in freeness and extent 
of fibrillation of the fibers on the one hand and individual differences in an ah sis o i 
the other added to the lack of perfect uniformity of sample and ordinary errors in 
anahsis Therefore the lepomng of alpha cellulose values to the nearest 1% B more 
compatible with experience and is sufficient for t! e practical usefulness of the lake 
The same leinarks applv to beta and gamma cellulose values 

Procedure for Beta and Gamma Cellulose —Use the remainder of the filtrate 
from the volumetric alpha cellulose method for this determination Acidify wuh 
15 to 16 ml of 6 \ H_S0 4 and after cooling dilute the mixture to 100 ml pour 
into a cylinder and let stand at room temperature until the beta cellulose his 
settled which is usually overnight Then remove oO ml of the supernatant liqu d 
oxidi/e and titrate as before 

The percentage of gamm i cellulose is c ilcul tied bv substitution tn the follow 
equation aftei being corrected as previously described for any glue and starch 
but not rosin in the same manner as the alpha cellulose 

/-• „ , (ml h.2Cr*0 for gamma portion) X 400 

Gamma cellulose % — ■ ■ . _ - , f -, — - — — 

ml KjCr*U for alpha fraction and hltrate 

The percentage of beta cellulose is calculated by subtracting the sum of the 
alpha and gamma percentages from 100 

Report for Beta and Gamma Cellulose —1 he basis for reporting beta and 
gamma cellulose is the same as that for alpha cellulose 

TITANIUM PIGMENTS IN PAPER 

This method describes procedures for a qualitative and for a volumetric and a 
colorimetric quantitative determination of titanium dioxide (Ti0 2 ) in paper This 
method is standardized as T 439 m 60 

QUALITATIVE TEST 

Reagents Sulfuric Acid —Concentrated H_S0 4 

Ammonium Sulfate (MI,) S0 4 

Hydrogen Peroxide 3% H 2 0_, USP 

Test Specimen —Obtain a representative specimen of the paper to yield about 
0 5 g of ash 

Procedure -Ash the specimen at about 900°C in a clean dish or crucible Ph« 
approximately 0 5 g of the ash in a 2o0 ml beaker add 20 ml of concentrated 
H 2 S0 4 10 g of (NH) 2 S0 4 and boil for at least 5 minutes An insoluble res due 
indicates siliceous matter Cool the solution, dilute to 100 ml with vvater an 
heat to boiling Let settle and filter through double close textured ashless filer 
paper To the filtrate add 5 to 10 ml of 3% H_0_ A clear yellow or orange 
color indicates the presence of titanium 

QUANTITATIVE TESTS 

Unless its composition is known it is usually desirable to make a complete qua 
tame analysis of the ash (see TAPPI Standard T 421 m, p 1S12) to facilitate 
quantitative analysis 
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VOLUMETRIC PROCEDURE 
The titanium in a dilute sulfuric acid solution of the ash is reduced, then titrated 
with a standardized ferric ammonium sulfate solution. 

Apparatus. Reduction Apparatus— As shown in Fig. 38-24, it comprises a 
stoppered 500-ml. conical flask with a 5-mm. delivery tube leading to a 250-ml. 
beaker, and a glass rod extending downward from the stopper to hold a piece of 
aluminum foil. 



Ashing Equipment.— A silica, or preferably a platinum, dish and a muffle furnace 
at 900°C. 

Reagents .— Ammonium Sulfate, (NH 4 ) 2 S0 4 . 

Sulfuric Acid.— Concentrated H 2 S0 4 . 

Hydrochloric Acid.— Concentrated HC1. 

Aluminum Metal Foil.— Electrolytic grade, preferably about 0.008 in. thick. 

Standard Titanium Dioxide.— Obtainable from the National Bureau of Stand- 
ards, with analysis. 

Potassium Permanganate Solution, approximately 0.1 N .— Dissolve 3.16 g. of 
KMn0 4 in distilled -water and dilute to 1 liter. 

Standardized Ferric Ammonium Sulfate Solution.— Dissolve 30.16 g. of fresh 
FeNH 4 (S0 4 ) 2 T2H 2 0 in 800 ml. of distilled water containing 15 ml. of concen- 
trated H 2 S0 4 . Add 0.1 N KMn0 4 until a very slight pink color is obtained; 
dilute to exactly 1 liter, and mix well. Filter if cloudy. Standardize against the 
standard Ti0 2 solution using 0.1900 to 0.2100 g. of Ti0 2 and following the same 
procedure as for the paper ash. Calculate the solution factor as follows: 

grams NBS Ti0 2 X % TiO s in NBS TiOj 

Factor — — — — — 

milliliters of titrant X 100 

This factor should be about 0.005 g. of Ti0 2 per milliliter of the solution. 

Ammonium Thiocyanate Indicator.— Dissolve 24.5 g. of NH 4 SCN in 80 ml. of 
hot distilled water, filter, bring to room temperature, and make up to 100 ml. in a 
graduated cylinder with distilled water. Keep in a well-stoppered, dark-colored 
bottle. 
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Sodium Bicarbonate Solution— Prepare a saturated solution with distilled nattr 
at die time of anal)Sis About 17 g of NaHCOg added to 150 ml of water u ill be 
required (May be replaced with water if the carbon dioxide cylinder is used) 
Carbon Dioxide (Optional) —Cylinder of compressed carbon dioxide 
Test Specimen —Weigh representative portions of the paper sufficient to gnea 
specimen containing, as near as can be judged, about 0 15 g of TiO a 
Procedure —Determine the moisture content of the paper if not known to wuhin 
1% Ash the paper at about 900°C in a clean dish or crucible Weigh the ash 
to obtain the percentage on the moisture free weight of the paper, then accurate)! 
weigh a portion to contain from 0 05 to not over 0 25 g of Ti0 2 and put into the 
aOOral flask of the reduction apparatus Usually 0 5 g of ash is sufficient 05 
Add 7 to 9 g of (NH 4 ) 2 S0 4 and 20 ml of concentrated H 2 S0 4 to the flask Mw 
well and heat on a hot plate until fumes ot S0 3 are ciohed Continue to 1 eat 
strongly until solution is complete (usually requires not over 5 minutes of boil i g 
or it is apparent that the residue is composed of siliceous matter 

If the ash cannot be completely dissolved fuse another weighed portion in i 
platinum crucible with 8 g of anhydrous Na 2 CO s and 1 hour at DOO'C Cool anil 
place the crucible and its contents in a 250 ml beaker and add 40 ml of distilled 
water and 70 ml of concentrated HC1 When the specimen is dissolved remote 
the crucible and its cover and evaporate the solution in the beaker to n volunt 
of about 75 ml If insoluble matter is present filter through fine paper and wall 
with about 5 ml of distilled water 

Cool and with caution add 120 ml of distilled water and 20 ml of HC1 Bring 
to a boil and remove from the heat 

Insert the short end of the delivery tube into one hole of the 2 hole stopj tr 
for the 500 ml flask Insert the glass rod having the slight hook or collar at the 
bottom into the other hole of the stopper as shown Attach approximate ) g 
of aluminum foil to the bottom end of the rod by coiling and crumpling it around 
the rod It is usually desirable to fold the aluminum foil one or more times tn 
reduce the rate of reaction. A dissolving period of about 5 minutes has btei 
found satisfactory 

Push the stopper with the foil and delivery tube, into the flask and at t c 
same time submerge the long end of the delivery tube in the 250ml beaker con 
taming about 200 ml of the NaHCO, solution 

As soon as the aluminum has dissolved gently boil the contents of the “ 
for 3 to 5 minutes without removing the delivery tube Carefully cooi ' 
G0°C preferably by partial immersion of the flask into a vessel of water r 
NiHC 0 3 solution will be sucked into the flask during this cooling and 
rapid reaction will give an atmosphere of C0 2 over the reduced titanium sout ^ 
Withdraw the stopper, but before removing the stopper, rod and delivery u 
completely, rinse the glass rod attached to it with a little distilled water eat 
the rinse water in the flask Add 2 ml. of the NHoSCN indicator and t ’ lr3ie ^ it 
mediately with ferric ammonium sulfate to a straw colored end point « 15 ^ 
to add the bulk of the ferric solution rapidly and then, after shaking » inis 
titration drop by drop 96 9 ~ 

If only the percentage of 1 iO a m the paper, and not the proportional , ™^ n in , 
T 1 O 2 in the ash is required, ash a weighed representative portion of the p 
platinum crucible and transfer quantitatively to the 500 mL flask. . {C qutel 

9« Instead of using the COo generated from the Na 2 COg solution to provu c „ |llKC non t° 
protective atmosphere, the C0 2 may be supplied from a cylinder through a 
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Calculate the percentage of TiO a in the moisture-free paper from die titration 
and the factor of the solution as follows: 

„ _ milliliters of titrant X factor X 100 

% Ti 0 2 = — r-T— : : 

weight of specimen in grams 

The result will include chromium, antimony, and any other substance which is 
reduced by the aluminum and subsequently oxidized by ferric ions. Howes ei, 
appreciable quantities of interfering materials are usually not likely to be en- 
countered in paper ash. 


COLORIMETRIC PROCEDURE 

The titanium in dilute H 2 S0 4 solution is combined with H,0 2 and the result- 
ing yellow to brownish orange complex, is measured spectrophotometrically. Use 
this procedure when the amount of TiO., in the ash conveniently available, is less 
than 0.01 g., or when the paper has a high filler content other than Ti0 2 . 

Apparatus. Spectrophotometer.— A spectrophotometer or other instrument for 
accurately measuring the light transmission of a solution, at 420 mjt is required. 

Ashing Equipment.— A silica, or preferably a platinum, dish and a muffle furnace 
at 900°C. 

Other Apparatus.— One 250- and six 100-ml. volumetric flasks; 25- and 100-ml. 
graduated cylinders; 250-ml. beakei; hot plate. 

Reagents. Hydrochloric Acid.— Concentrated HC1. 

Ammonium Sulfate, (NH 4 ),S0 4 . 

Sulfuric Acid.— Concentrated H 2 S0 4 and 1:1 H 2 S0 4 . 

Standard Titanium Dioxide.— Obtainable from the National Bureau of Standards 
with analysis. 

Hydrogen Peroxide, 3% H 2 0 2 .— Dilute 10 ml. of reagent grade 30% H 2 0, to 
100 ml. with distilled water. This solution is sufficiently stable for 5 days. 

Calibration— Calibrate the photometric apparatus as follows: dissolve the equiv- 
alent of 0.10 g. of TiO, in the standard sample, in 10 g. of (NH 4 ),S0 4 and 35 ml. 
of concentrated H,S0 4 . Add 90 ml. of water, filter through a fine paper into a 
200-ml. volumetric flask and wash. Cool, dilute to volume, and mix. One milli- 
liter of this solution contains 0.0005 g. of TiO,. Transfer aliquots of 5, 10, 15, 
20, 25, and 30 ml. respectively, to 100-ml. volumetric flasks and add 20 ml. of 1:1 
H,S0 4 to each portion. Add 15 ml. of 3% H,0„ to each, dilute to volume, mix, 
and measure their transmittance at 420 m/n preferably in a % cm. cell. ■ Plot the 
transmittance versus the concentration of TiO, on semilog paper, using the linear 
scale for the concentration of TiO,. Draw a curve through the plotted points. 

an inlet tube added to a 3-hole stopper for the 500-ml. flask. This obviates the intensive 
reaction that occurs when the Na,C0 3 solution is sucked back into the flask. If a CO, 
cylinder is employed, attach it to an inlet tube pio\ided in the stopper of the flask and 
Hush out the connecting tubing to remove the air and allow a very slow stieam of CO, 
to continue to pass dining the t eduction. Aftct the reduction and when the solution in 
the flask has been boiled 3 to 5 minutes, pass CO, into the flask before removing the heat 
to ptcvent the liquid in the beaker from being sucked hack. If the CO, cylinder is used, 
water may be substituted for the NaHC0 3 solution in the beaker. 

07 Rccause of the rapid oxidation of titanium as soon as the stopper is removed, it ma\ 
he pteferied to add a small (35 nil.) separating funnel to the rubber stopper, and when 
the solution is cooled, add. ilnough the funnel, an excess of ferric ammonium sulfate; 
remove the stopper; and titrate the reduced iton with standatdized potassium dichromate. 
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In the absence of knowledge regarding the respective nonfibrous materials pres- 
ent, qualitative tests for sizing (rosin, starch, glue, casein), saturants (waxes, organic 
saturants, etc.), mineral fillers (especially CaSO s and ZnS), and any other suspected 
nonfibrous materials should be made before weighing out specimens for test. 

Procedure .— Allow the specimen to come to moisture equilibrium with the at- 
mosphere of the balance. Weight about 1.5 g. (to the nearest 10 mg.) of the ground 
paper. Weigh at the same time samples for moisture and ash determinations, and 
for determination of such other sizing, filling, or other nonfibrous materials as may 
be found necessary for correction of the copper number. These determinations 
shall be made by the TAPPI standard methods. 

Immediately before use add 5.0 ml. of copper sulfate solution to 95 ml. of car- 
bonate-bicarbonate solution. Bring the mixture to a boil in 2 minutes, and pour 
it over 1.5 g. of the ground sample in a 125-ml. Erlenmeyer flask. Stir well with 
a glass rod in order to distribute the fibers and to remove air bubbles. Fit the 
flask with a loosely fitting glass bulb or stopper and submerge completely in a 
steam bath at atmospheric pressure. Occasionally fibers tend to float to the sur- 
face, therefore the flask should be shaken from time to time to redistribute them. 
Remove the flask from the steam bath at the end of 3 hours. Filter on an ashless 
filter paper in a 7.5-cm. Buchner funnel, using suction. Wash by flooding with 
100 ml. of 5% Na 2 CO a solution at about 20°C. and then by flooding with 250 ml. 
of hot water (about 95°C.), discarding the filtrates. Transfer the fibers and filter 
paper to a small beaker, add 25 ml. of the molybdophosphoric acid solution and 
macerate well with a flattened glass rod. Transfer to a Buchner funnel again and 
wash thoroughly with cold water until the blue molybdenum color is removed from 
the fibers. Dilute the filtrate with water to approximately 700 ml. and titrate it 
with 0.05 N KMn0 4 to a faint pink. 

Note.— The amount of copper sulfate solution given abo\e is sufficient for a copper 
number not greater than approximately 6, and this figure is seldom exceeded except in 
papeis containing Iiighly lignified fibeis, such as gioundwood, or in papers which have 
deterioiated consideiabl). If the copper number exceeds 6, increase the amount of copper 
sulfate solution to 10 ml. and the amount of mol) bdophosphoiic solution to 50 ml., or as 
much mote as ma) be necessar), retaining the correct ratio between the solutions. 

Calculation.— The copper number is defined as the number of grams of metallic 
Cu in the Cu 2 0 resulting from the reduction of the CuS0 4 by 100 g. of the paper 
fibers. This is calculated by the formula: 

_ , 6.36 X ml. KMnC >4 X N 

Copper number = — > 

W 

where N is the normality of the KMn0 4 , and IF is the weight in grams of the test 
specimen after deduction of the weight of the nonfibrous materials. Correction 
of the weight of the test specimen shall always be made for moisture and ash. 
Correction for other nonfibrous components shall be made whenever they are 
present in significant amounts. Not less than two determinations shall be made 
and the average of the results, rounded off to the nearest 0.1, shall be reported. 
Duplicate determinations should agree within 0.2. 

Report.— The copper number shall be reported to one decimal place on the basis 
of total fiber content. 

Additio)ial Information — This method is essentially the Braidy 90 modification 

99 CJibbcns, D., and Geake, A., J. Textile Inst., 15, T31, 1924. 
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of the original Schwalbe 100 method, with modifications for its adaptation to pann 
proposed by Scribner and Brode 101 and by Burton and Rasch 103 

Wilson, Harvey and Padgett 105 have found that melamine formaldehyde resin 
in paper produces a decrease (0 2 to 0 4) in the copper number of the paper 


ACID-SOLUBLE IRON IN PAPER 101 

The procedure commonly used lor this purpose is to extract the ash of the paper 
with acid, but investigation h is shown that the procedure described below » 
preferable because (1) it requires less time (2) in the ashing of the paper, some 
of the soluble iron may be volatilised and some of the insoluble iron may be nude 
soluble I he removal of the acid soluble iron is complete This is considered the 
portion of the iron present that is potential!) chemicall) reactive as distinguished 
from insoluble or * fixed iron such as might occur as silicate or other complex 
compound in clay filler Tins method is standardized as TAPPI T 434 m4? 

Reagents Ammonium Thioc)anate Solution —Dissolve approximate!) 76 g ol 
pure NH 4 SCN in water and dilute to 1 liter 
Standard Iron Solution — Dissoh e 14 04 g of pure ferrous ammonium sulfite 
Fe(NH 4 )_(S0 4 )_, 6H O and 4 07 g of pure ammonium persulfate (NH 4 )S_0, 
in water containing 1 ml of concentrated H 2 S0 4 Mix well and dilute to exactlv 
1 liter. Dilute 25 m\ of this solution to about 500 ml , add 20 ml of contentiatei 
H 2 S0 4 transfer to a 1 liter volumetric flask and dilute to the mark For 1 g of 
paper 1 ml of this standard equals 50 parts of Fe per million parts of piper 
Test Specimen —The specimen for test shall be cut from the sample in such i 
way as to be thoroughly representative of it and shall be either cut in. small square 
(about % in ) or ground Cutting the paper in small pieces is generall) sufficient, 
but grinding of very hard resistant paper ma) be found necessary 

Procedure —Drench 5 g of paper with 50 ml of concentrated HCl Cold acid 
usuall) suffices, but hot acid may be required if large particles of iron are present 
After the paper is thoroughly saturated with the acid, filter on a 7 5cm Buchner 
funnel Wash the residue with three 50 ml. portions of hot water, applying suction 
after each addition Add a few drops of concentrated HNO a to the combined 61 
trates make ammomacal with concentrated NH 4 OH, and boil until the odor ol 
NH 3 is nearly but not quite gone Filter through a filter paper and wash ihe 
residue on the paper thoroughly with hot water Place the funnel containing die 
filter paper and Fe(OH) 3 in the neck ol a 50 ml volumetric flask, and add two 
successive 5 ml portions of diluted HCl (1 3), with intermediate and final washing 
with water Dilute the filtrate to 50 ml Measure 10 ml of this solution eqin' a 
lent to 1 g of the paper, into a 50 ml Nessler tube and add enough 0 Oa A p 
0 1 N) K.Mn0 4 solution to completely oxidize the iron, or until there is a faint pm 
color to the solution. Add 10 ml of the NH 4 SCN solution, dilute to the 
mix, and compare immediately with, standards made in the same way wi 
standard iron solution. a$ 

The standard iron comparates shall be prepared freshly for each comparison, 

i°o Schwalbe, C., Die Cheinie der Cellulose, p 625, 1912. \ 0 j>| 

wi Scribner, B \\ , and Brode, W R , Natl Bur Standards ’Technologic lap jgjj 
102 Burton, J O , and Rasch, R H , J Research Natl. Bur. Standards, 6, 003 " 
RP295. Includes description of Koerner type grinder. ,q-t 

ioa Wdson, k , Harvey, J L, and Padgett, A A, TappI, 34, 410, Sept jjjj 
104 American Public Health Association, Standard Methods of Water Anay 
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they fade rapidly. A blank determination on the reagents shall be run and a cor- 
rection applied if necessary. At least two determinations shall be made, and the 
average of the results shall be reported. Duplicate determinations, should agree 
within 5 parts per million. 

Report.— The average result shall be reported as parts of acid-soluble iron per 
million parts of paper by weight. 

HYDROGEN ION CONCENTRATION (pH) OF 
PAPER EXTRACTS 

In this method the pH value of a paper refers to its acidity or alkalinity in terms 
of hydrogen ion concentration of the unfiltered aqueous extract of the cut or 
ground paper. 

Both hot- and cold-extraction procedures are included. The hot extraction is 
customarily used in the paper industry for predicting the stability of papers. The 
cold-extraction method also is suitable for this purpose and possesses the advantage 
of being simpler and requiring less working time. It is believed that the cold- 
extraction method more nearly approaches the normal pH of the paper at the 
time of the determination. Launer 105 has shown that in the acid region the pH 
values for cold extraction are higher than those of hot extraction because of the 
hydrolysis of aluminum sulfate at the higher temperature. Discussions of such 
points as cold vs. hot extraction, purity of the water, time of extraction, etc., can 
be found in the literature. 100 ’ un.ios, 109, 110 This method is standardized as ASTM 
D778-50 and TAPPI T 435 m-52. 

Apparatus— The special apparatus required for this test is a circuit including a 
glass electrode and a saturated KCI-calomel half-cell capable of precision to within 
0.1 pH. The complete apparatus is commercially available. The apparatus used 
shall be standardized frequently against 0.05 M potassium acid phthalate solution 
which has a pH of 4.0 over the entire range of room temperature. 

If a disintegrator is used, the Koerner type or its equivalent is recommended. 
Alternatively, a sharp rasp or grater may be used. Care is necessary to neither 
contaminate nor unduly heat the paper during disintegration. 

Reagents. Potassium Acid Phthalate Solution, 0.05 M.— For standardizing the 
electrode. Dissolve 10.2 g. of KHC s H 4 0 4 , sufficiently pure for acidimetric pur- 
poses, in water and dilute to 1 liter. This solution generally will remain usable for 
several months at pH 4.0. 

Distilled Water.— For making the extraction, water containing ordinary amounts 
of C0 2 , but not more than corresponds to a pH of 5.9, may be used to test all 
papers, including those in the neutral range between pH 6.0 and 7.0. A sample 
of the water must be tested for alkaline impurities, however, by boiling for a few 
minutes, cooling, and then measuring its pH. If this is found to be higher than 

105 Launer, H. F., J. Research Natl. Bur. Standards, 22, 553, 1939; Research Paper 
RP1205. 

lot; Weh mh off, B. L„ Tech. Assoc. Papers, 13, 231, May, 1930; Ibid., 14 , 387, May, 1931. 

107 Burton, J. O., and Rasch, R. H., J. Research Natl. Bur. Standards, 6, 603, 1931. This 
contains a description of the Koerner disintegrator. 

los Browning, B. L., and Ulm, R. W. K., Paper Trade J., 102, 89, Feb. 20, 1936. 

100 Launer, H. F., J. Research Natl. Bur. Standards, 23, 663, 1939; Research Paper 
RP1262. 

110 Wchmer, P. F., Tech. Assoc. Papers, 23, 56, 446, 1940. 
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7 3 the water must be distilled from a solution containing approximate!) 1 . c j 
KMnOj and 4 g of ISaOH per liter A double still head is usually necessan 
Test Specimens —The test specimen shall be cut from the sample in such ana\ 
as to be thoroughly represen tame of it Ordinary papers such as pnntin» and 
writing papers may be tested in the form of cuttings roughl) I $q cm m°aru 
If however the paper is more than 0 012 in thick or extreme!) dense it shaft be 
reduced to a fluffy form by a disintegrator The prepared material shall be thor 
ought) mixed 

Note The use of a disintegrator should be avoided except \ hen necessan becao* 
of possible contamination When using a koerner t\pe disintegrator if ihe sue ol ih 
sample will permit it is well to run a considerable amount of the paper ihroi h the 
disintegrator and discard it I efore preparing ihe sample foi test 

Procedure Cold Extraction — eigh 1 0 g of the air dry cut or ground papa 
into a 100 ml beaker Add about 20 ml of distilled water and macerate w th a 
flattened stirring rod until the specimen is uniformly wet Then add oO ml more 
of the water stir well cover with a watch glass and let stand for 1 hour At the 
end of the extraction period stir once more and measure the pH of the unfil ired 
mixture with the glass electrode Carry out the entire procedure at 20 to 30 C 
(08 to 86’F) If the glass electrode had just previousl) been used for measure 
ments in the alkaline region and if the paper to be tested is m the neutral tegoit 
immerse the electrode m 0 0a A/ potassium acid phthalate for 1 minute at dr «■ 
thoroughlv several times with distilled water before use 

Hot Extraction —Weigh 1 0 g of the air dry cut or ground paper into a l 9 >ml 
Erlenmeser flask -Add about 20 ml of distilled water and macerate with a fin 
tened stirring rod until the specimen is uniformly wet Then add aO ml mot 
of the water stir and afhx to the flask a stopper containing a glass tube akou 
4 mm in diameter and 75 cm m length which senes as a condenser \ sol 
digestion flask which has a ground glass stopper and condensing tube in one pt t 
or a rubber stopper covered with clean metal foil may be used Place the fla k 
in a steam bath which will maintain the contents of the flask at 9a to 100 C s d 
out boiling the water Heat at this temperature for 1 hour with occasional shaking 
then cool to 20 to 30°C (68 to 86 F) and measure the pH of the unfiltered m v 
ture with the glass electrode If the glass electrode had just preMOusly been used 
for measurements m the alkaline region and if the paper to be tested is in tie 
neutral region immerse the electrode in 0 Oo Af potassium acid phthalate fuel 
minute and rinse thoroughly seseral times with distilled water before use 

Report — Ml tests shall be made in duplicate the results of which should agree 
within 0 1 pH The average shall be expressed to the nearest 0 I pH The rf P orI 
shall state whethei cold extraction or hot extraction was used 
Additional Information — In Table 38 7 pH values are expressed in tenns o 
hydrogen and hydroxyl ion concentrations This table emphasizes the importance 
of small differences in. pH at the extreme ends of the acid and alkali range u 
to papers as contrasted with the relative unimportance of numerical!) equa 
ferences in pH in the neutral region n 

Wilson Haney and Padgett 111 have found that during hot water extratt J ( 
melamine formaldehyde resin hydrolyzes releasing alkaline products \s 3 n ^ 
the hot extraction pH of a paper containing both alum and mel amjne 

in Wilson W k Harvey J L and I adgett A \ 1 appi 34 Sep 1 11 * 
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Table 38-7. 

Corresponding pH, 

H-ion 

and OH-ion Values 


H-ion 


OH-ion 

pH 

concentration 

pH 

concentration 

4.0 

1000 X 10~ 7 

7.0 

1 x 10- 7 

4.1 

790 

7.1 

1.3 

4.2 

630 

7.2 

1.6 

4.3 

500 

7.3 

2 

4.4 

400 

7.4 

2.5 

4.5 

320 

7.5 

3 

4.6 

250 

7.6 

4 

4.7 

200 

7.7 

5 

4.8 

160 

7.8 

6 

4.9 

130 

7.9 

8 

5.0 

100 

8.0 

10 

5.1 

79 

8.1 

13 

5.2 

63 

8.2 

16 

5.3 

50 

8.3 

20 

5.4 

40 

8.4 

25 

5.5 

32 

8.5 

32 

5.6 

25 

8.6 

40 

5.7 

20 

8.7 

50 

5.8 

16 

8.8 

63 

5.9 

13 

8.9 

79 

6.0 

10 

9.0 

100 

6.1 

8 

9.1 

130 

6.2 

6 

9.2 

160 

6.3 

5 

9.3 

200 

6.4 

4 

9.4 

250 

6.5 

3 

9.5 

320 

6.6 

2.5 

9.6 

400 

6.7 

2 

9.7 

500 

6.8 

1.6 

9.8 

630 

6.9 

1.3 

9.9 

790 

7.0 

1 

10.0 

1000 


be higher, lower, or equal to the cold-water pH, depending on the relative amounts 
of alum and resin present. 

ALKALI-STAINING RESISTANCE OF PAPER 112 

It is desirable that certain papers, particularly those used as soap wrappers, should 
not stain unduly with alkali. In the past this property has been generally judged 
by dropping upon the paper alkaline solutions of varying strengths. The present 
method is designed for a quantitative statement of the resistance to alkali staining. 
This method is standardized as ASTM D723-45 and TAPPI T 440 m-53. 

ll - Crossley. T. Lindsey, A Quantitative Test for Soap Wrap Paper, Tech. Assoc. Papers, 
20, 208 , 1937 . 
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This method is applicable to undyed papers It is not adv ised for use with pulps, 
It can be used with hard sized (rosin) papers by first removing the major part of 
the sizing with ether or methanol 

Apparatus Nessler Tubes— A set of six is convenient They should be made 
with thin colorless walls 1 mm thick have a diameter of 29 to 30 mm and the 
50 ml mark should be about 90 mm from the bottom outside 

Precision Pipet —Capacity 1 ml graduated to 0 01 ml 

Reagents Potassium Bichromate Solution — Dissolv e 0 2a g of k 2 Cr O m i 
small amount of water and dilute to 1 liter 

Congo Red Solution.— Make up a 0 0a% solution in water Eastman kodik 
Company Congo Red E K 770 is recommended 

Normal Sodium Hydroxide Solution 

Test Specimen The test specimen shall consist of 3 00 g of the paper tom into 
pieces to i£-in square With vegetable parchment a finer subdivision of the 
sample is adv isable 

Procedure —Place the test specimen m a 2a0 ml Lrlenmeyer flask add 50 ml of 
hot water and boil for 5 minutes Decant off the liquid into a 100 ml volumetrc 
flask or graduated cylinder Add d 0 ml of hot water to the paper m the flask and 
boil again for 5 minutes Decant the second liquid into the first and make up to 
100 ml using the makeup water to wash the paper in the flask 

Add 2 o ml of normal NaOH solution to the combined liquids and after leu ng 
stand for at least 5 minutes filter using a last filter paper if the insoluble matter 
is flocculcut or a close filter it it appears cloudy Compare the clear filtrate w m 
standards made as follows 

To oO ml of the bichromate solution add 0 1 ml of the Congo red solution and 
mix well Exact matches of tint are not always possible but distinction in intensiiv 
is readily seen Place different amounts of this mixed solution such as 02 Oj 
10 2 0 ml each in separate Nessler tubes dilute to the a0 ml mark with water 
and mix 

Place oO ml of the filtered alkaline solution from the paper in another Nessler 
tube and compare with the standards 

I he solutions are best compared by holding the tubes containing them over 
white paper but not resting on it and looking down through the solutions « 
none of the standards matches the solution make up standards of other strength 
and compare them with the solution As bichromate slowly destroys the Congo red 
color the solution should not be mixed until immediately before use 

Hejiort —Report the number of milliliters of bichromate Congo red sdiUwui ,Tft 
quired to match the tint of the alkaline extract of paper as the alkali staining num 
be i Express the results to 1 decimal place . 

Interpretation of Results— It has been found that papers showing an a *■ 
staining number of more than 3 will give a marked stain with 1% sodium hyum 
solution by the drop test 


PENTOSANS IN PAPER 113 

In tins method the furfural formed by the action of hot hydrochloric acI£ * ® 
the fibrous material is distilled from the mixture in essentially the raanncr ^ ^ 
scribed by the A O A C 114 The distillates are analyzed for furfural y 3 

na Wchiner I’ I Tech \ssoc Papers 23,416—18 June 1940 , .qj, 

ii* \ssoc Olficial Agricultural Chenmis Met! mis <f \nalvsis 4th ed P J 
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volumetric procedure requiring no complicated apparatus. The volatile material, 
probably hydroxymethylfurfural, arising from the action of HC1 upon the cellu- 
lose in the samples is corrected for in a simple manner. The correction was found 
to be valid for the typical chemical wood fibers and papers made therefrom, includ- 
ing unbleached sulfate. This correction is described by Launer and Wilson, 115 who 
also show that the pentosan values for cotton fiber are negligible, being probably 
less than 0.2%. This method is standardized as ASTM D688-44 and TAPPI 
T 450 m-44. 

Apparatus— The special apparatus required for this test is a disintegrator which 
will completely disintegrate the sample without heating or contaminating it. A 
Koerner type 110 or its equivalent shall be used. 

For the distillation a 300-ml. separatory or dropping funnel is mounted in the 
neck of a 500-ml. distilling flask, which in turn is connected to a long water-cooled 
condenser. The condenser delivers through an adapter into a 1-liter glass-stoppered 
reagent bottle which is used as a receiver and subsequently as a reaction vessel. 
Rubber stoppers may be used to make the connections. If the temperature of the 
condensate in the receiver is 30°C. (86°F.) or over, owing to inefficient cooling or 
high laboratory temperature, a small U trap, containing glass beads and 5 ml. of 
water, should be used to close off the system. 

Reagents. Hydrochloric Acid, 3.5 N (12%).— Dilute 307 ml. of c.r. concentrated 
HC1 (sp. gr. 1.18-1.19) to 1 liter. 

Ice.— Preferably frozen from distilled water. Ordinary commercial ice is satis- 
factory if uniform values for the blank determinations (see below) are obtained 
with it. 

Potassium Iodide Solution, 10%.— Dissolve 10 g. of c.p. KI in 90 ml. of water. 

Sodium Thiosulfate Solution, 0.1 A'.— Dissolve 25.3 g. of c.p. NaoSoOg-SHoO in 
water containing 1 ml. of 1 A NaOH and dilute to 1 liter. This gives a solution 
slightly stronger than 0.1 N, but subsequent calculations are thus made easier. 
After one week, standardize the solution against 0.1 N permanganate as follows: 

Add 120 ml. of approximately 6 N H,S0 4 to 320 ml. of water in a 1-liter glass- 
stoppered reagent bottle. Follow with 10 ml. of 10% KI solution and then, after 
shaking, add 50 ml. of 0.1 N KMn0 4 solution from a pipet. After shaking again, 
titrate with tire thiosulfate solution, adding starch indicator toward the end of the 
titration. 

Potassium Bromate-Bromide Solution, 0.2 N .— Dissolve 5.57 g. of c.p. KB1O3 and 

50 g. of c.p. KBr in water. Add 1 ml. of N NaOH and dilute to 1 liter. The 

solution is not standardized, but blank determinations against the thiosulfate solu- 
tion are made at intervals, as described below. 

Test Specimen.— The test specimen shall be representative of the sample, and 

shall be reduced to an open fluffy form in the disintegrator and then thoroughly 

mixed. 

Procedure.— Allow the sample to come to moisture equilibrium with the atmos- 
phere of the balance. Weigh, to the nearest milligram, duplicate 1-g. samples of 
the ground, air-dry material for the pentosan determination. Weigh at the same 
time specimens for the determination of moisture, ash, and sizing materials. Intro- 
duce the test specimen into the distilling flask through a clean, dry glass tube so 

115 Launer, H. F., and Wilson, W. K., J. Research Natl. Bur. Standards, 22, 471, 1939; 
Research Paper RP1199. 

115 Burton, J. O., and Rasch, R. H., J. Research Natl. Bur. Standards, 6, 603, 1931; Re- 
search Paper RP295. 
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as to as oid adherence of fibers to the neck of the flask Add 100 ml of 3 a \ hq 
to the flask marking the flask to indicate this \olume Then fit the dropping 
funnel containing 300 ml of 3 a A HCl in the neck of the flask and applj heat 
from a burner As soon as distillation begins let the acid drip from the funnel 
at such a rate that the let el in the flask remains constant Continue the distillation 
at a uniform rate for 100 minutes during which period 300 ml of condensate 
should hare been collected It is important to observe time and quantit) The 
rate of distillation can be observed by marking the receiver at 100 200 and 300 ml 
Add 50 ml of water to the condensate (if a trap was used as described aboie 
combine its contents with the condensate and add corresponding!) less water) and 
then add 2o0 g of ciushed ice After the temperature of the mixture has fallen 
to 0®C or lower add 20 ml of 0 2 A bromate bromide solution from a pipet with 
minimum agitation close the bottle promptly with a ground glass stopper shale 
well and let stand for exactly 5 minutes The temperature should still be OC. 
or lower Then remove the stopper add 10 ml of 10% hi from a small graduate 
and replace the stopper as quickly as possible Shake the mixture thorough!) a 
allow absorption of the Br vapor and titrate with 0 1 A thiosulfate solution until 
colorless using starch indicator toward the end of the titration 
Determine the blank in exactlv the same manner using all reagents mdudmg 
the ice except that the starting point is 270 ml of 3 o A HCl diluted to 3o0 ml 
instead of 300 ml of condensate plus 50 ml of water 
Calculation of Results —The pentosan content of the paper is calculated bt 
substitution in the following formula 

Pentosans, % - 7 5 ' % ~ '" 1 - i 0, 


where Y — normaht) of thiosulfate solution, 

= volume of thiosulfate solution used in test, 

H = volume of thiosulfate solution used in blank, 
and Ff = weight of specimen after correcting for moisture, ash, and any filling ^ 
sizing materials present 
Note— The factor 7.5 is the product of 


100 X 0 048 
0 727 X 0 88 

te/tetv ijr ilhr *\«agiYc in' Ambnf in grams' arrrespwruVng' nr * mv' >n F N -’■h'osul ii c 
solution 0 727 is the theoretical conversion factor of pentosans (o furfural andO 
factor to compensate foi the incomplete conversion of pentosans to fuifural 
rection factor of 1 0 is applied to compensate for the hydroxvmethvlfurfural arising 
the cellulose 

The factor 0 88 is based upon the observation that tie )ield of furfural " om . 
is 88% of the theoretical m this method of distillation The corresponding ,a 
arabinose is 74% and a furfural vield of 80% is frequentl) taken as an a PP™ , 
average in calculating furfural )ields to pentosans Houevei since \)lan cons'” 
if not all of the pentosans in wood pulp it appears preferable to use the 
If both araban and xvlan are present the above equation becomes 


Pentosans, % = 


8 25 A fa — ei) 
W 


This equation w lih the omission of the 1 1% correction, gives values which * r I0 , jn j to 
with those obtained b) using Krobers tables in which the conversion ot p 
furfural is also arbitraril) taken as 80% 
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The factors 0 80 and 0 88 which are applied to compensate for the incomplete comer 
sion of pentosans to furfural are somewhat arbitrary If the anal)st desnes rallies in 
which these factors do not appear, and in which the furfural actual!) obtained is convened 
to equivalent pentosans, a minimum pentosan content may be calculated b) the equation 


Pentosans, % = 


6 80 N ( V2 — tii) 
W 


-0.9, 


1 03 X 0.0480 X 100 

where the factor 6.80 is the product of 0~727 The factor 1 .03 is the correction 

necessary to account for the destruction of furfural during the distillation. The constant 0 9 
corrects for hydroxymethylfurfural. 

Report.— The pentosans shall be teportecl as a peicentage of the total cellulose, 
including pentosans but excluding moisture, ash (fillers), resin, or any other added 
nonfibrous materials. All determinations of pentosans shall be made in duplicate, 
the results of which shall agree within 0 4 or less, and the average shall be expressed 
to the nearest 0.1. 


TURPENTINE TEST FOR GREASE RESISTANCE OF PAPER 

This method gives an accelerated comparison of the relative rates at which ordi- 
nary oils or greases, such as commonl) found in foodstuffs, may be expected to 
penetrate papers such as uncoated or unimpregnated greaseproof, glassine, and veg- 
etable parchment. This method is standardized as ASTM D722-45 and TAPPI 
T 454 m 60 

Apparatus. Tube.— Of any rigid material, 1 in. inside diameter and not less 
than 1 in. in height, the ends of which have been smoothed. 

Pipet or Medicine Dropper.— Calibrated to deliver 1.1 ml. 

Round-Giained Sand.— Ottawa cement testing sand screened to pass a No. 20 and 
be retained on a No. 30 sieve 

Paper.— Sheets of white coated and calendered booh paper, 110 ± 10 g.s m. (70 lb 
25 x 38—500), at least the same size as the test specimen, conveniently much larger. 

Reagent. Turpentine.— Colored, water free turpentine, prepared as follows. To 
100 ml of pure gum spirits turpentine, c.p. grade, sp gr. 0 860 to 0 875 at 60°F., 
add 5 g of anhydrous calcium chloride and 1.0 g. of oil soluble red dye. Stopper 
the container, shake well, and let stand for at least 10 hours, shaking occasionall) . 
Then filter through a dry filter paper at a temperature of approximately 70°F , 
and store in an airtight bottle. 

Test Specimen— Prepare at least ten 4 in square specimens from representative 
samples taken in accordance with TAPPI Standard T 400 m. 

Pioceduie .— The test specimens shall be conditioned in an atmosphere in accord- 
ance with TAPPI Standard T 402 m (p. 1795). 

Make an equal number of tests on each side of the sample. If possible, note 
those made on the felt side and on the wire side separately. 

Place each specimen on a sheet of the book paper, which rests on a smooth plane 
surface. Place the end of the tube on the specimen and put 5 g. of sand in the 
tube. Since the purpose of the tube is solely to assure a uniform area of the sand 
pile, remove it immediately after the addition of the sand. Using the pipet or 
medicine dropper, add 1 1 ml. of the colored turpentine to the sand, and note the 
time. 

Move the test specimens to unsoiled positions on the coated paper and examine 
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the uncovered area of it for staining every 30 seconds for the first 2 minutes even 
minute for the next 8 minutes and every 3 minutes thereafter As soon as the 
first red stain appears on die coated paper note the time The time elapsed in 
seconds between the application of the turpentine and the appearance of thefci 
definitely red stain shall be recorded as the transudation period If any test period 
extends over 3 hours record it merely is 1800+ 

Note— In the absence of knowledge of the piobxble time of transudation it is advisable 
to make a few preliminarv tests 

Report Report the average and maximum and minimum test results in seconds 
to three significant figures md if possible for both wire side up and felt side up 
When a test exceeding 1800 seconds is included tn an average report the calculated 
average followed bv a plus sign The following is an example of the recommended 
form 


Turpentine Test 

Felt 

Wire 

Seconds 

Side Lf 

Side Up 

Maximum 

1800 + 

1750 

Minimum 

1500 

1400 

Average of 15 tests 

1750+ 

1600 

Grand Average 

1670+ sec 


KAPPA NUMBER Or TULP 

This method is adapted to the determination of the relative hardness Heath 
ability or degree of delignificition of pulp For example it may be used for all 
types and grades of chemical and semichemical unbleached and semibleached v ond 
pulps obtained with a yield of under 70% For this purpose it is preferred to 
TAPP1 Standard T 214 ni p 1769 which is retained mainly for historical reasons 
This method is designated T 236 in 60 

The Kappa number is the number of milliliters of tenth normal potassium per 
manganate solution consumed per gram of moisture free pulp under condition* 
specified in this standard The results are corrected to be equivalent to a 50 » 
consumption of the permanganate in contact with the specimen 

Apparatus Stirrer— A propeller type agitator made of glass or other noncot 
rosive material or a plastic or glass covered magnetic stirrer suitable for a 2000ml 
beaker 

Disintegrator —For example an electric highspeed propeller mixer to separate 
the pulp sample into individual fibers 
Reaction Beaker -2000 ml glass or porcelain 

Pijiets — Two 100 nil automatic pipets are especially convenient when a ar o 
number of determinations are io be made 
Buret, 50 Ml , Graduated to 0 1 Ml -A 52 ml buret, obtainable from somewp 
ply houses will be found more convenient for titrating the reaction mixture 
the blank test ^ 

Constant Temperature Bath at 25 ± 0 1°C— To contain die 2 liter beaker " ' 
stirring . | p 

Other Apparatus —A Buchner funnel and filter flask to dewater 3 to 4 g ® 
stopwatch or dock, a 1 liter, and a 25 or 50 ml graduated cylinder, 250 m 
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Reagents. Potassium Permanganate— 0.1 ± 0.0005 N KMn0 4 .— A stock solution 
of noimal KM»0 4 may be prepared by dissolving 325 g. of dry KMn0 4 in sufTicient 
distilled water to make 10 liters. Let this solution stand at least 1 month. Pass 
the solution through a fritted glass filter cotered with a carefully made asbestos 
mat. Store in a dark place. Dilute 1 liter of the stock solution to 10 liters with 
distilled water, and adjust so that it will be 0.1 ± 0.0005 N when standardized 
against pieviously standardized sodium thiosulfate or sodium oxalate. 

Sodium Thiosulfate 0.2 N Na^S-iOg.— This should be of exact or known strength 
accurate to ±0.0005 N. 

Potassium Iodide, 1.0 A 7 KI (166 g. per Liter).— Reagent grade. 

Sulfuric Acid, Approximately 4 N H.,S0 4 .— Add 112 ml. of reagent grade, con- 
centrated H 2 SQ 4 (94.5 to 96.5%), to about 500 ml. of cold water and dilute to 
1 liter. The solution need not be standardized. 

Starch Indicator or Thyodine.— The latter gives a sharper end point and is not 
subject to spoilage. 

Test Sample .— Obtain a sufficiently large sample to represent the pulp to be tested 
and prepare a smallei iepresentati\e sample as follows: 

(1) Air-Dried Pulp Sheets.— Tear small pieces from the sample sheets to weigh 
a total of 3 to 4 g.; do not use a Wiley mill or a similar dry grinding apparatus. 

(2) Slush Screened Pulps.— Mix and make 3 to 4 g. (dry weight) into a pad by 
filtering on the Buchner funnel. Aii-dry the pad and tear it into small pieces. Do 
not use any organic solvent to hasten the drying. 

(3) Unscreened Pulps.— If the pulp sample is from unscreened pulp, which is 
normally screened before bleaching or other processing, remove the shives and 
knots from the sample by screening, using a method chosen to give results similar 
to those obtained industrially. Proceed as in (2) above. 

Prior to weighing the test specimens, condition the small samples for not less 
than 20 minutes in the atmosphere near the balance. By trial or experience, 
weigh to the nearest milligram that amount of pulp that, it is estimated, will con- 
sume approximately 50% of the KMn0 4 used in the test. (The permanganate- 
consumption by the specimen must be between 30 to 70% to comply with this 
standard.) At the same time, weigh out a second specimen and determine its 
moisture content in accordance with ASTM D644-55, p. 1804. 

Procedure .— Disintegrate the test specimen in 500 ml. or less of distilled water 
until free horn fiber clots and undispersed fiber bundles. Avoid extensive cutting 
of the fibers but make certain that all the fibers are separated. Transfer the dis- 
integrated specimen to the 2-liter reaction beaker and rinse out the apparatus 
with enough distilled water to bring the total volume to 795 ml. Adjust the tem- 
perature to 25°C. Place the beaker and contents in the constant-temperature bath 
and ensuie that the tempetature stays at 25° ± 0.1 °C. during the entire reaction. 
Continuously stir the suspension so as to produce a vortex about 2.5 cm. (1 in.) 
deep, but not fast enough to inttoduce air into the mixture. 

Pipet 100 ml. of 0.1 A 7 KMn0 4 and 100 ml. of 4 N H 2 S0 4 into a 250-ml. beaker 
and bring this mixture to 25°C. Add it quickly to the disintegrated specimen and 
simultaneously start the stopwatch. Rinse out the 250-ml. beaker, using about 5 
ml. of distilled water, and add to the reaction mixture. Its final volume should 
be 1000 ±5 ml. At the end of exactly 10.0 minutes, stop the reaction by adding 
20 ml. of the 1.0 A 7 KI from a giaduated cylinder. 

Immediately after mixing, but without filtering out the fibers, titrate the free 
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iodine in the suspension with 0 2 AT Na 2 S 2 0 3 adding a few drops of the indicator 
toward the end of the reaction 

Make a blank determination using exactly the same procedure, but without the 
pulp In this case the mixture may be titrated with the Na 2 S 2 0 3 immediatel) 

Note— Do not use this blank titration to determine the normality of the KMn0 4 
Calculate the Kappa number K as follows 


pXf 
W ' 


. (i - a)N 


where / = factor for correction to a 50% permanganate consumption, dependent on the 
value of p, 

W — grams of moisture-free pulp in the specimen, 

p = milliliters of 0 1 N permanganate actually consumed by the specimen, 
b — milliliters of the thiosulfate consumed in the blank determination, 
a = milliters of the thiosulfate consumed in the test, and 
N = normality of the thiosulfate 

The factors depended on the \alue of p, are given below, all factors are based on 
the equation: 

log K = log p/W + 0 00093 (p - 50) 


Factors / to Correct for Different Percentages of Permanganate Used 


p 

+ 0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

30 

0 958 

0 960 

0 962 

0 964 

0 966 

0 968 

0 970 

0 973 

0 975 

0 977 

40 

0 979 

0 981 

0 983 

0 985 

0 987 

0 989 

0 991 

0 994 

0 996 

0 998 

50 

1 000 

1 002 

1 004 

1 006 

1 009 

1 011 

1 013 

1 015 

1017 

1019 

60 

70 

1 022 

1 044 

1 024 

1026 

1 028 

1 030 

1 033 

1 035 

1 037 

1039 

1 042 


Report —Report the Kappa number as follows under 100 to nearest 01 over 
100 to the nearest whole number 
If the sample has been screened, briefly report the method used 
Precision —The 99% probability at a test level of 112 is about ±25 Kappa nuni 
her, consequently, duplicates should check within 2 0% 

Additional Information Modifications for Routine Control Only Correction 
for Reaction Temperature —If a temperature bath is not available determine the 
temperature after the reaction has been taking place for 5 minutes and assume this 
to be the average reaction temperature throughout the test If this temperature 
is not higher than 30°C or lower than 20°C, the Kappa number may be cor 
rected approximately as follows 

A - ^(1 + 00 13(25 -/)] 

where t — actual reaction temperature in degrees centigrade and the other symbols 
are as before. _ 

U%e of Smaller Quantities —For full chemical pulps, use 50 ml of the KMn 4 
50 ml of the H 2 S0 4 400 ml of water and the appropriate amount of pulp 0 
lowing the standard procedure as given m other respects 

Sample Prepaiation —The use of air dry pulp is specified in the procedure or 
routine control purposes where time is an important factor, it may be foun 010 
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convenient to use slush pulp of a definite consistency, or pulp which has been 
washed with acetone and dried in an oven to be moisture-free. Slush pulp will 
give a slightly higher, and oven drying a slightly lower, permanganate consumption. 

If the first two modifications above are used for routine control purposes, the 
results will usually be close to those obtained by the standard method. However, 
none of these modifications may be considered as complying with the standard pro- 
cedure and the unavoidable use of any modification, should be stated prominently 
in the report. 

Relationship with Lignin.— The Kappa number gives essentially a straight line 
relationship with both Klason lignin and chlorine number for the pulps below 
70% total pulp yield. 117 The percentage of Klason lignin approximately equals 
K X 0.15. 

Aging.— Freshly made pulp has a slightly higher permanganate consumption than 
pulp that has stood several days or months. The change is rather rapid immedi- 
ately after the pulp is made, but reaches a relatively stable stage after 2 or 3 days. 

Conversion Factors.— The results with this method will be markedly increased 
from those with T 214 m-50. Conversion factors should be obtained for each type 
of pulp if present values are to be compared with those from the previous method. 
For this reason and to avoid confusion, it is desirable to use the term “Kappa 
number” for this procedure instead of the elsewhere used “K number.” The ap- 
proximate conversions from 40 ml. K numbers according to T 214 m-50, to the 
present Kappa numbers are shown below: 


Conversion of 40 ml. K Numbers (T 214 m-50) to Kappa Numbers 


40 ml. K. no. 

Kappa no. 

40 ml. K. no. 

Kappa no. 

8 

12.4 

22 

35.4 

10 

14.5 

24 

41.0 

12 

16.3 

26 

47.5 

14 

19.5 

28 

55.2 

16 

22.5 

30 

64.1 

18 

26.2 

32 

73.8 

20 

30.4 

34 

85.6 


The above conversion factors may be calculated from the formula : log Kappa no. = 0.837 
+ 0.0323 (40 ml. K no.). 


General.— Foi years there has been a need for a comprehensive method to de- 
termine the permanganate consumption of both high lignin content pulps and 
well-cooked pulps. A problem with the original permanganate method has been 
the discontinuity produced by a change in the weight of the specimen or in the 
amount of permanganate added, since a change in their relative properties causes 
a substantial change in the permanganate consumed. This difficulty is avoided in 
the present method by expressing the permanganate consumption at a fixed con- 
centration. 

A straight-line relationship exists between the concentration of permanganate at 
the end of the reaction, and the logarithm of the permanganate consumption. This 
relationship is substantially independent of the type of pulp or the magnitude of 

117 Tasman, J. E., and Uci/.ins, V., Tappi, 40, No. 9, 691-704, Sept. 1957; Pulp Paper 
Mag. Canada, 58, No. 10, 1 15-58. Sept. 1957. 
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the permanganate consumption This enables the perm mganate consumption of 
all pulps to be expressed at a single concentration (50%) by appl\ing a comersion 
factor and permits the direct comparison of amhtical data throughout the entire 
range of chemical and semichemical pulps Howexer with increasing lignin con 
tent the permanganate consumption lex els off and finally decreases as the yield of 
pulp rises oxer 70% ot the original wood tor this reason no permanganate test 
is a reliable indication of the degree of pulping of an extremely rax\ pulp 
Tins method is practicalfx identical to International Committee for Chemical 
Analyses Method I(C\ 1 59 which has been adopted by most of the pulp pro 
ducing countries in the world 
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By W. E. Westlake 

Entomolog) Reseal ch Dhision 
U. S. Depaitment ol Agiicultuie 
lleltss ille, Md. 


AEROSOL INSECTICIDES 

NONVOLATILE INGREDIENTS FROM LOW-PRESSURE TYPE 
AEROSOLS CONTAINING A MIXTURE OF PROPELLANTS 
FREON-11 AND FREON-12 

Procedure — Weigh the dispenser and contents, cool in a dry tee chamber or other 
satisfactory cooler, such as a refrigerator freezing compartment, for about 30 min.; 
punch a very small hole in the top of the container, and allow it to stand in a 
hood at room temperature while the propellant gas (Freon-12) escapes. After the 
Freon-12 has volatilized, carefully cut ofl the top of the container, and heat the 
residue in a water bath for 40 min. at 88°C. to expel the Freon-11. Cool to room 
temperature, and weigh the container with the nonvolatile material. Transfer the 
nonvolatile material to a suitable container, and retain it for analysis. Rinse the 
aerosol container with ether, dry, and weigh. The difference between these 
weights represent the weight of nonvolatile material in the aerosol. Weigh the 
top of the container, which had previously been removed, add this weight to that 
of the empty and dried container, and subtract their combined weight from the 
original gross weight of the aerosol to obtain the net content. Calculate and report 
the percentage of nonvolatile residue obtained from the aerosol. 

ANALYSIS OF THE COMPONENTS IN THE NONVOLATILE 

MATERIAL 

PYRETHRINS 

Pyrethrins I and II may be determined in the presence of naphthalene oils, 
sesame, and piperonvl butoxide (p. 1897). In the presence of sesame oil, however, 
additional barium chloride is required to precipitate the soaps formed from the 
saponification of the sesame, and, consequently, the amount of sulfuric acid (1:4) 
should be increased. Cyclohexanone seriously interferes with the determination of 
Pyrethrin II, so it is only necessary to determine Pyrethrin I, and multiply its value 
by 2 to obtain the approximate percentages of total pyrethrins. A 3 to 5 g. sample 
of the nonvolatile residue is usually sufficient for the determination of the py- 
rethrins. 
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DDT OR METHOXYCHLOR 

The total chlorine m either of these ingredients ma) be determined b) an 
appropriate DDT procedure (p 1860) A small quanta) of Freon 11 ma) remain 
with the nonvolatile material however and must be removed prior to analysis A 
satisfacton procedure is as follows transfer a sample containing approximate!) 
0 033 to 0 03a g of chlorine to a 2a0-ml Erlenme)er flask add 10 ml of acetone 
and evaporate on a steam bath add 10 ml more of acetone and again evaporate 
This treatment will remove all the Freon 11 which boils at 2a°C and should not 
remove anv DDT or methoxychlor 

MIXTURES OF DDT A\D METHOXYCHLOR 
Mixtures of DDT and methowchlor appear in some aerosols and nm be de 
termtned b\ the pirtiuon chromatographic method with the following tech 
mque 

Procedure Weigh about 10 ml of the nomolatile matter into a j0 ml volu 
metric flask Add 1 ml of mixed d)e and dilute to volume with mobile solvent 
Collect and combine die DDT fractions in the usual manner emplovmg the long 
column (100 g silicic acid etc) These fractions will contain m addition to the 
DDT mineral oil and probablv other contaminants Determine the total chlorine 
in these fractions and calculate its percentage to DDT 

After the last trace of violet dve is off the column collect and discard about 
80 ml of effluent mobile solvent Then begin to take and evaporate 10 ml frac 
lions After the 2 2 bis(/>-meihoxvphenvl) 1 1 1 trichloroethane appears continue 
to collect 10 ml fractions until all the /> methowchlor has passed through the 
column (usuallv 8 to 10 fractions are sufficient) Combine the fractions containing 
the />-methoxvchlor remove the solvent and weigh Calculate the percentage of 
total methowchlor on the basis that the technical product contains a minimum 
of 88% of the p isomer 

DETECTIOX OF METHYLATED AROMATIC PETROLEUM DERHATHE 
OILS (METHYL XAPHTHALEXE OILS) 

Methylated aromatic petroleum derivative solvent oils frequentlv occur in aero- 
sols 

Procedure — Add several drops of the nonvolatile residue to la ml of a saturated 
solution of picric acid in a 1 2a ml Erlenmever flask and shake vigorouslv A 
formation of an orange \ellow to reddish orange precipitate of a picratenaph 
thtiette dew sts*? is smite itne t>S their presence 

DETECTIOX OF SESAME OIL 

Procedure Add 2 ml of furfural to 100 mi of alcohol Mix thoroughly 0 1 ml 
of this solution with 10 ml of hvdrochloric acid and a-10 ml of the sample b) 
shaking them together in a test tube for la sec Allow mixture to stand for 10 min 
observe color add 10 ml of water shake and again observe color If the crimson 
color disappears sesame oil is not present (\s furfural gives a violet tint with 
hvdrochloric acid it is necessary to use the verv dilute solution specified ) 

DETECTIOX OF PIPERO \ 1 L JiUTO \IDE 
Reagent —Dissolve 0 0a g of tannic acid in la ml of glacial acetic acid b) sha^ 
ing at room temperature When the tannic acid is all in solution add 3a ml 0 
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85% phosphoric acid and thoroughly mix the solution. This reagent should be 
freshly prepared for each day’s determinations, and should be kept tightly stoppered 
because it is hygroscopic. 

Procedure.— Dilute a sample of the nonvolatile residue with odorless base oil so 
that it will contain approximately 50 mg. of piperonyl butoxide per 100 ml. of 
solution. Transfer 0.1 ml. of the diluted solution to an 18 by 150 mm. test tube, 
and add 5 ml. of the reagent. Shake the tube vigorously for 30 sec., and then put 
it in a bath of boiling water for 5 min. A blue color will develop in the presence 
of piperonyl butoxide. 


ALDRIN 

INFRARED METHOD 

Reagents. Aldrin.— 99.9% purity, m.p. 102.7 to 102.8°. 

Carbon Disulfide, Spectral Grade.— Check transmittancy at 8.48 y. 

Procedure.— A predetermined volume of carbon disulfide is accurately measured 
into the vial or flask containing the aldrin. A concentration of aldrin, of 0.05% 
w/v, falls about in the middle of the calibration curve. The concentration unit is 
defined as the weight in grams of insecticide per 100 ml. of solution; for example, 
0.05% aldrin refers to a solution containing 0.05 g. of aldrin in 100 ml. of solution. 
If the sample contains 100 fig. of aldrin, 0.20 ml. of carbon disulfide is added to 
obtain a concentration of 0.05%. 

The container is thoroughly shaken in order to dissolve the aldrin completely. 
This solution is then transferred through the tapered fitting of an absorption 
microcell with a syringe, with the cell held in a vertical position so that the tapered 
fitting is at the bottom. The cell is filled carefully to be free of air bubbles, and 
stoppered with a small rubber cap on the needle and a Teflon plug in the tapered 
fitting. 

The spectra of the sample solutions are recorded from 8.28 to 8.66 fi with the 
smallest fixed slit width and highest instrument response compatible with a noise 
level that is not excessive. The instrument gain is set to produce full scale deflec- 
tion at the start of a recording. 

A standard calibration curve is prepared from pure aldrin samples by the exact 
procedure outlined above. A base line is drawn from the 8.38 fi point of the 
spectrum to the 8.57 y point. Distance A is measured at 8.48 y from the zero 
ladiatioti line to the base line. Distance B is also measured at 8.48 y from the 
zero radiation line to the absorption peak. The ratios A/B are correlated for the 
various standard concentrations of aldrin. 

TOTAL CHLORINE METHOD 

Sec "Chlorine (Total)," p. 1860, and "Chlorine or Bromine in Organic Com- 
pounds," p. 1862, below. 


ALLETHRIN 1 

Reagents. Ethyl Alcohol, Anhydrous. 

Phenolphthalein Indicator, 1% in Methyl Alcohol. 

1 Repioduted with peimission from Analysis of Insecticides and Acaracides, Inleisciente 
I’ublisheis, Inc., New York, 1955. 
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Sodium Hydroxide 0 02 2V —Standardize 

Methyl Alcohol Anhydrous 

Sodium Hydroxide 0 1 N —Standardize 

Hydrochloric Acid 01 JV Alcoholic Solution —Transfer 17 ml of 6 N hydro 
chloric acid solution to a 1000 ml soiumerric flask and dilute to the mark with 
methyl alcohol Standardize b\ titrating exacth 40 ml With standard 0 1 A sodium 
hvdroxide solution using phenolphthalein indicator 

Morpholine Solution Transfer 8 7 ml of redistilled morpholine to a reagent 
bottle and dilute to 1000 ml with meth\l alcohol kit the bottle with a 2 hole 
rubber stopper and through 1 hole insert a 20 ml capacity pipet so that the tip 
extends below' the surface of the liquid through the other hole insert a short piece 
of glass tubing attached to a rubber atomizer bulb 
Dimethyl A ellow Methylene Blue Mixed Indicator —Dissolve 1 0 g of dimethyl 
yellow (p dimethylammojzobenzene) and 0 1 g ol methylene blue in 12a ml of 
methyl alcohol 

Pyridine Redistilled 

Thymolphthalem Indicator 1 0% in Pyridine 

Ethylenediamine (EDA) Redistilled 3% Maximum Water Contem 
Sodium Methylate Pyridine 0 1 A Solution —Transfer 25 ml of 4 N sodium 
methylate solution to a reagent bottle containing 75 ml of metlnl alcohol and 
dilute to 1000 ml with redistilled pvndine Standardize this solution against 
Bureau of Standards benzoic acid using pyridine as a solvent and thymolphthalem 
indicator This reagent readily absorbs carbon dioxide from the air and is best 
preserved and dispensed from a 50 ml automatic buret All vents open to the air 
must have protective Asc inte lubes 

Alpha ISaphtholbenzein Indicator 1 0% Solution in Ethyl Alcohol 
Potassium Hydroxide 0 02 AT Solution in Methyl Alcohol 

Procedure Determination of Allethnn —Introduce an amount of simple calcu 
latcd to contun 0 8 to 1 1 g of allcthrin into each of two 2o0 ml glass-stoppered 
flasks Reserve 2 additional flasks for blinks and to each of the samples and 
blanks add 25 ml of redistilled EDA from the buret Swirl the samples to effect 
solution Allow the samples md blanks to stand together at 2o° to 30’C for 2 hr 
Unstopper the flasks and wash down the sides of each with 50 ml of redistilled 
pyridine To each flask add 6 to 10 drops of the thymolphthalem indicator and 
titrate with standard 0 1 A sodium methylate solution to the first permanent blue 
end point 

Determination of Chrysanthemum Monocarboxyhc Acid Chloride— Add 8 to 10 
drops of dimethyl yellow methylene blue indicator solution to about 150 ml ol 
methyl alcohol m an Erlenmeyer flask then add 0 1 N methanolic hydrochloric acid 
solution dropwise until the mixture appears reddish brown by transmitted light 
\dd 0 02 A methanolic potassium hvdroxide solution dropv ise until the appear 
mce ol the first green color 

Transfer 2 o ml of this green solution to each of three 12a ml glass stoppered 
flasks Reserve 1 of these flasks as a reference blank for the determination of the 
end point color Into each of the other flasks introduce with swirling 1 5 to 2 5 g 
of the sample Immediately titrate each sample with 0 02 A methanolic potassium 
hydroxide to the first green end point using the blank as a reference color 
Perform this titration within 5 mm of the addition of the sample to the methanolic 
solution 
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Determination of Chrysanthemum Monocarboxylic Acid.— Transfer 25 ml of an 
hydrous ethyl alcohol to each of two 125 ml, glass stoppered flasks Add 8 to 9 
drops of alplia-naphtholbenzein indicator solution, and cool the flasks and contents 
to approximate!) 0°C in an ice bath Neutralize the eth)l alcohol in each flask 
b) the dropwise addition of 0 02 N sodium hydroxide solution to a brilliant green 
end point Introduce 1 5 to 2 5 g of sample into each flask, and immediatel) titrate 
with standard 02 N sodium hydroxide solution to the same brilliant green end 
point 

Determination of Chrysanthemum Monocarbox)lic Anhydride.— Carefull) pipet 
20 ml of the morpholine solution into each of four 250 ml flasks, fill the pipet b) 
exerting pressure in the reagent bottle with the atomizer bulb Resene 2 of the 
flasks for blanks, and mtioduce 1 5 to 2 5 g of sample into the other 2 Swirl die 
flasks, and allow the samples and blanks to stand at 25° to 30°C for 5 min Add 
4 to 5 drops of dimetli)! yellow methylene blue indicator to each of the 4 flasks 
and titrate with standard 0 1 N alcoholic h)drochloric acid solution until the color 
changes from green to a faint red, when \iewed b) transmitted light 

Calculations. For Allethnn 


(T, - 1\) X N 
W 


= A 


(A + 2B — C — D) X 30 24 = percentage of allethnn 


where 


T, = milliliters of sodium methylate required foi the sample, 

7b = average milliliters of sodium methylate requned for blank, 
N — normality of sodium methylate solution, 

W = grams of sample, 

A = appaient allethnn, milliequivalents per g , 

B = acid chloride, milliequivalents per g , 

C = acid-acid chloride, milliequivalents per g , and 
D = acid chlonde-anhvdnde, milliequivalents per g 


foi Acid Chloride. 


= 

W 

B X 1 8 67 — percentage of acid chloride 

wheie 7* = milliliters of potassium hydroxide solution required for sample, 
A = noimalitx of potassium hydroxide, and 
If = grams of sample 

F oi Free Acid. 


w 

(C — B) X 16 82 = percentage of free acid 

where T, = milliliters of sodium hydroxide required for sample, 

A = normality of sodium hvdroxide, and 
b 7 = grams of sample 
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( r„ - t.) x \ = 
n 

(D — 2 B) X 31 84 = percentage of anhydride 

where lb = dvtidgt milhhteis of hydrochloric and required for blank 
T, — milliliters of hvdrochlonc acid required for sample 
\ — normahtv of hvdrochlonc acid and 
II = grams of sample 

VLPHV TsAPHTH\ L THIOUREA 

DL1 1 RMI\ \1 ION I\ ROD1 N I ICIDLS 
Procedure Weigh a quantity of sample equivalent to approximately 0 2 g of 
dphi niplulivl thioure i md transfer to i 2 j 0 ml Irlenmevcr flask \e!d aO ml 
of acetone nul digest or reflux for la nun I liter md w isli vwtli acetone Transfer 
filtrate to a 500 ml kjtldihl Disk Hue on stum bull and ev iporatc icetone 
wall m air stream Determine tot il nitrogen in the residue by the kjeldahl 
method and calculue to ilpln mphilivl tin mrta using the ficnr 7 2 Ij Hints 
percentage of nitrogen equals percent igc of ilplu naphthyl thiourea If much 
greasy materia! is present the simple nuv be digested with i little petroleum ether 
filtered on a drv Gooch crucible and wished with petroleum ether The residue 
is then heated to 100 G to remove petroleum ether utd the amlvsis is carried out 
as indicated above bcginiuii n transfer to i 2j0ml Irlenmeytr flask 

3 VMINO 12 i TRI \ZOLE 

COLO RI ML 1 RIC 1)E 1 LRMIN Y I ION IN HERBICIDES 

Reagents Sodium Nitroprussule Solution 5 9G g Na 2 Fc(C\)jNO 2H O in 
100 nil 

Potassium rerrocyanule Solution 8 44 g k^FcfCN),, 3H 2 0 in 100 ml 
Sodium Hydroxide Solution 10 g mlOOml 
Hydrogen Peroxide 3% 

Color Reagent —A few minutes before use mix the 1 reagents above in the pro- 
portions 2 2 15 respectively md add 1 2 nil of glacial acetic acid for each 100 ml 
of reagent This reagent is usable for about one fir 

Stand ird Solution —Dissolve 0 10 g of pure ammotriazole in 100 ml of water 
Procedure —Prepare an iqueous solution of die sample and transfer an ahqiot 
containing about 2 5 mg of aminotri izolc to a 100 ml volumetric flask Pipet a 
ml of stand ird solution (2 5 mg of aminotri uolc) into a second 100 ml volumetric 
flask Dilute the contents of each flask to ibout 70 ml and add 70 ml of v ater 
to a third flask to serve as the blank solution \dd 0 15 ml of 10% sodium hy 
droxide solution and 10 ml of color reagent to each of the flasks and make to 
volume Allow the flasks to stand at room temperature for 2 hr Filter tl e solu 
lions if necessary and determine the absorbance of each solution at 634 m/i against 
the blank using a suitable spectrophotometer and 1 cm cuvets 
Calculate the percentage of amniotnazole in the sample from the absorbances 
and the weight of sample taken 
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If D and D g are the optical densities for the sample and standard, and W and 
W s are the weights used for the sample and standard, 

. , D W, (100) 

Ammotnazole, per cent = — 

J-S3 W 

Note— A minotriazole gives a deep green color, which appears gradually. The blank 
solution is yellow, but absorbs very little at 634 

ARAMITE 

2-(/z-tert-butylphenoxy) isopropyl-2-chloroethyl sulfite 

Reagents. Alcoholic Potassium Hydroxide (approximately 1 N). 

Standard Iodine Solution (0.05 N). 

Starch Indicator Solution. 

Procedure— Weigh a sample containing about 0.35 g. Aramite into a 125-ml., 
standard tapered Erlenmeyer flask. Add 50 ml. of benzene, stopper, and shake for 
1 hr. 

Note.— S haking with hexane gives incomplete extraction; hexane may be used with 
Soxhlet apparatus, however, in place of shaking with benzene. 

Transfer a 20-ml. aliquot to a 200-ml., standard tapered Erlenmeyer flask, and 
evaporate most of the benzene on the hot plate at low heat. Remove from heat, 
and evaporate the last 3 to 5 ml. with a stream of air, to avoid loss of Aramite. 
Add 30 ml. of approximately 1 N alcoholic potassium hydroxide, and reflux 1 hr. 
Add about 125 ml. of water, cool in an ice bath, make just acid to phenolphthalein 
with (1 + 4) sulfuric acid while still cold, and immediately titrate with 0.05 N 
iodine solution, using starch indicator. 

Calculate the percentage of Aramite: 1 ml. of 0.05 N iodine = 0.00837 g. Aramite. 

Note.— S ulfur interferes with this method. 

ARSENICALS 2 
ARSENIC (TOTAL) 

Reagents. Standard Arsenious Oxide Solution.— Dissolve 2 g. As 0 O s in a beaker, 
by boiling with 150 to 200 ml. of water, containing 10 ml. of sulfuric acid; cool, 
transfer to a 500-ml. volumetric flask, and dilute to mark. 

Standard Iodine Solution.— Mix 6.35 g. of pure iodine with 12.7 g. of pure po- 
tassium iodide, dissolve in a small quantity of water, filter, and dilute filtrate to 
1 liter in a volumetric flask. Standardize against arsenious oxide solution as fol- 
lows: pipet 50 ml. of the arsenious oxide solution into an Erlenmeyer flask, dilute 
to the same volume as that of the aliquot used for titration in the actual deter- 
mination, neutralize with sodium bicarbonate, add 4 to 5 g. in excess, and add the 
standard iodine solution from a buret, shaking flask continuously until yellow color 
disappears slowly from the solution; add 5 ml. of starch indicator, see below, and 
continue adding the iodine dropwise until a permanent blue color is obtained; 

Reproduced with permission from Official Methods of Analysis, Association of Official 
Agricultural Chemists, Inc., Washington, D. C. 
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c ilculate the value of the stand trd iodine solution in terms ot arsemous oxide and 
aisenic oxide To comert aisemous oxide to arsenic oxide multiply by 1 1618 
Occasionally restandardm the iodine olution against the standard arsemous oxidt 
solution 

Standard Bromate Solution —Dissoh e 1 G"3 g oi pot issium bromite in water 
and dilute to 1 liter One ml of this solution is tbout cqu d to 0 003 g oi irseniom 
oxide Standardize against arsemous oxide solution as follows pipet 25 ml al quots 
of the arsemous oxide solution into aOO ml Lrlenmeyer flasks add lo ml of hydro 
chloric acid dilute to 100 ml heat to 00 C nul titrate with potassium bromate 
solution using 10 drops of tht methyl orange inclic itor (see below) do not add the 
indicator until near the end of the titration iwl agnate the liquid continuously 
to as oid local excess of the potassium bromite solution add the potassium bromate 
solution aery slowly when approaching the end ol the tmation the end point is 
show n by change from red to colorless 

Sodium Hydroxide Solution Dissoh e 400 g of NaOH in water and dilute to 
1 liter 

Starch Indicator —Mix ibout 2 g of finely powdered potato starch with cold 
water to form a thin paste idd about 200 ml of boiling water stirring constant!) 
and immediately discontinue heating Add about 1 ml of mercury shake and 
allow starch to stand over mercury 

Methyl Orange Indicator —Dissoh e 0 5 g of methvl oruige in water and dilute 
to 1 liter 

Apparatus See Fig 39 1 The distilling flask of aOO ml capacity rests on 
metal gauze that fits o\er a circular hole in a heavy sheet of asbestos board wl lch 



in turn extends far enough to protect the sides of the flask from the direct fliw e 
of the burner The first receiving flask has a 500 ml capacity and contains 40 m 
of water the second of the same capacity contains 100 ml of water The volume 
in the first flask should not exceed 40 ml Keep both flasks cool with circulating 
water or ice and water bath 
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Procedure.— Weigh a quantity of sample containing not more than 0.4 g. of 
arsenic, and wash it into the distilling flask with 100 ml. of hydrochloric acid. Add 
5 g. of cuprous chloride, and distill. When the volume in the distilling flask is 
reduced to about 40 ml., add 50 ml. of hydrochloric acid from the dropping funnel, 
and continue distilling, repeating the addition of 50-ml. portions of hydrochloric 
acid until 200 ml. of acid distillate collects. Wash down the condenser and all 
connecting tubes carefully, transfer the washings and contents of the Erlenmeyer 
flasks to a 1-liter volumetric flask, dilute to the mark, and mix thoroughly. Titrate 
the distillate by one of the following procedures: (a) pipet 200 ml. of the distillate 
into an Erlenmeyer flask, and nearly neutralize it with the sodium hydroxide solu- 
tion, using a few drops of phenolphthalein indicator, and keeping the solution well 
cooled. If the neutral point is passed, add hydrochloric acid until again slightly 
acid. Neutralize with sodium bicarbonate, add 4 to 5 g. in excess, and add the 
standard iodine solution from a buret, shaking the flask continuously until the 
yellow color disappears slowly from the solution. Add 5 ml. of the starch indicator, 
and continue adding the iodine solution dropwise until a permanent blue color is 
obtained; (b) pipet a 200-ml. aliquot into an Erlenmeyer flask, and titrate with 
potassium bromate solution, following the procedure given for standardization of 
bromate solution, above, beginning with “heat to 90°C. . . .” 

From the volume of standard solution used, calculate the percentage of arsenic. 
Report as arsenious oxide or arsenic oxide, according to the form present in the 
sample. If the form is unknown, report as arsenic. 

This procedure is applicable to the determination of total arsenic in Paris green, 
lead arsenate, calcium arsenate, zinc arsenite, magnesium arsenite, and arsenicals 
with Bordeaux mixture, except in the presence of nitrates. 

ARSENIC (WATER-SOLUBLE) 

Reagents. Standard Iodine Solution.— Prepare and standardize as instructed in 
procedure for arsenic (total), p. 1849. 

Sodium Thiosulfate Solution.— Dissolve 13 g. of crystalline Na 2 S 2 0 3 -5H 2 0 in 
water, and dilute to 1 liter. 

Starch Indicator.— Prepare as for arsenic (total), p. 1850. 

Procedure— To 2 g. of sample, if powder, or 4 g., if paste, in a 1-liter Florence 
flask, add 1 liter of recently boiled water that has been cooled to 32°C. Stopper 
the flask, and place it in a water bath thermostated at 32°C. Digest for 24 hr., 
shaking hourly for 8 hr. during this period. Filter through a dry filter. If filtrate 
is not clear, filter again through a Buchner funnel containing paper and a suffi- 
cient coating of Filter-Cel to give a clear solution. Discard the first 50 ml. Trans- 
fer 250 to 500 ml. of the clear filtrate to an Erlenmeyer flask, add 3 ml. of sulfuric 
acid, and evaporate on a hot plate. When the volume reaches about 100 ml. add 
1 g. of potassium iodide, and continue boiling until the volume is about 40 ml. 
Cool, dilute to about 200 ml., and add the sodium thiosulfate solution, dropwise, 
until the iodine color is exactly removed. Avoid the use of starch indicator at 
this point. Neutralize with sodium bicarbonate and add 4 to 5 g. in excess, titrate 
with the standard iodine solution until the yellow color disappears slowly, add 
5 ml. of the starch indicator, and continue the titration to a permanent blue. 
Make correction for the quantity of standard iodine solution necessary to produce 
the same color, using the same reagents and volume. From volume of standard 
iodine solution used, calculate the percentage of water-soluble arsenic in the sample. 

1 he method is applicable to the determination of water-soluble arsenic in lead 
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arsenate calcium arsenate zinc arsenite magnesium arsenate and Bordeaux mix 
ture with arsenicals 


CALCIUM ARSENATE 

TOTAL ARSENIC 

See Arsenic (Total) p 1849 abo\e 

TOTAL ARSENIOl/S OXIDE 

Weigh 1 g of sample transfer to a dOO ml Erlenmeyer flask and dissohe in 
100 ml of hydrochloric acid (1 + 3) Heat to 90°C and titrate with standard po 
tassium bromate solution as in the method lor arsenic (total) From quantity of 
standard pot tssium bromate solution used calculate the percentage of arsemous 
oxide 

In the presence of small amounts of nitrates proceed as abo\e except make 
titration at room temperature 

II ATER SOLUBLE ARSENIC 

Sec Arsenic (Water Soluble) p 1851 abo\e 

TOTAL CALCIUM OXIDE 

Reagents Ammonium Oxalate Solution —Dissohe 40 g of (NH 4 ) 2 C 2 0 4 H»0 
in 1 liter of water 

Standard Potassium Permanganate Solution 0 1 N —Prepared by dissolving 3 2 g 
of potassium permanganate in 1 liter of water Boil the solution 1 hr Protect it 
from dust and allow it to stand overnight Thoroughly clean a Id cm glass fun 
nel a perforated porcelain plate from a Caldwell crucible and glass stoppered 
bottle (preferably of brown glass) with warm sulfuric acid potassium dichromate 
solution Digest asbestos for use in Gooch crucibles on a steam bath for 1 hr 
with about 0 1 N potassium permanganate that has been acidified with a few drops 
of sulfuric acid (1 + 3) Allow to settle decant and replace with water To pre 
pare the glass funnel place the porcelain plate in the apex make an asbestos pad 
about 3 mm thick on the plate and wash acid free (Pad should not be too tightly 
packed and only moderate suction should be applied) Insert the stem ot the 
funnel into the neck of the bottle and filter the potassium permanganate solution 
directly into the bottle without the aid of suction Transfer 03 g (dried 1 hr at 
105°C) National Bureau of Standards Standard Sample of sodium oxalate to a 
600 ml beaker Add 2d 0 ml of sulfuric acid (5 95) previously boiled for 10 to 15 
mm and then cooled to about 27°C Stir until the sodium oxalate dissolves Add 
39 to 40 ml of the potassium permanganate solution at the rue of 2d to 3d ml 
per min stirring slowly Let stand until pink disappears (ibout 45 sec) If P ,n ^ 
should persist discard and begin again using a few milliliters less of the potassium 
permanganate solution Heat to 55 to 60°C and complete the titration by adding 
the potassium permanganate until a faint pink persists for 30 sec Add the last 
0 5 to 1 ml drop wise, with particular care to allow each drop to decolorize before 
the next is introduced Determine the excess potassium permanganate solution 
required to impart a pink color to the solution by matching the color obtained by 
adding potassium permanganate solution to the same volume of the boiled an 
cooled dilute sulfuric acid at 55 to 60®C This correction is usually 0 03 to 0 05 m 
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Procedure.— Dissolve a 2 g. sample in 80 ml. of acetic acid (1 + 3), transfer to a 
200-ml. volumetric flask, dilute to the mark, and filter through a dry filter. Trans- 
fer a 50-ml. aliquot to a beaker, dilute to about 200 ml., heat to boiling, and pre- 
cipitate the calcium with the ammonium oxalate solution. Let the beaker stand 
for 3 hr. on a steam bath, filter the solution, and wash the precipitate with hot 
water. Dissolve the precipitate in 200 ml. of water containing 25 ml. of sulfuric 
acid (1 +4), heat to about 70°C., and titrate with the potassium permanganate 
solution. From the amount of potassium permanganate solution used, calculate 
the percentage of calcium oxide. 

LEAD ARSENATE 

TOTAL ARSENIC 
See “Arsenic (Total),” p. 1849 above. 

TOTAL ARSENIOUS OXIDE 

Procedure .— Weigh 2 g. of powdered sample, and transfer to a 200-ml. volumetric 
flask; add 100 ml. of sulfuric acid (1 + 6), and boil for 30 min. Cool, dilute to 
volume, shake thoroughly, and filter through a dry' filter. Nearly neutralize 100 ml. 
of the filtrate with sodium hydroxide solution as in the method for arsenic (total), 
and proceed as instructed in that method with titration using standard iodine solu- 
tion. From volume of standard iodine solution, calculate the percentage of arsen- 
ious oxide. 


WATER-SOLUBLE ARSENIC 

See "Arsenic (Water-Soluble),” p. 1851 above. 

TOTAL LEAD OXIDE 

Procedure In a porcelain evaporating dish or casserole, on a hot plate, heat 

0.5 g. of powdered sample and about 25 ml. of nitric acid (1 -f- 4). Remove any 
insoluble residue by filtration. Add 3 ml. of sulfuric acid, and evaporate on a hot 
plate until the appearance of white fumes. Cool, add a few milliliters of water, 
and again heat to fuming. Proceed as in the method for lead oxide, below, be- 
ginning “Cool, add 50 ml. of water and 100 ml. of alcohol. . . .” 

LEAD OXIDE 

Procedure — Weigh 1 g. of powdered sample, and transfer to a beaker. Add 5 ml. 
of hydrobromic acid (about 1.38 sp. gr.) and 15 ml. of hydrochloric acid, and evap- 
orate to dryness to remove the aresnic. Repeat treatment, add 20 ml. of hydro- 
chloric acid, and again evaporate to dryness. Add 25 ml. of 2 N hydrochloric acid 
to the residue, heat to boiling, filter immediately to remove the silicon dioxide, 
and wash with boiling water to a volume of 125 ml. All lead chloride should be 
in solution before filtering; if it will not dissolve completely in 25 ml. of 2 N acid, 
add an additional 25 ml., and dilute the filtrate to 250 ml. Pass in hydrogen 
sulfide until precipitation is complete. Filter and wash the precipitate thoroughly 
with 0.5 N hydrochloric acid saturated with hydrogen sulfide. Save the filtrate and 
washings for the determination of zinc, if present. Transfer the paper with the 
sulfides of lead and copper to a 400-ml. Pyrex beaker, and completely oxidize all 
organic matter by heating on a steam bath with 4 ml. of sulfuric acid and about 
20 ml. of fuming nitric acid in a covered beaker. Evaporate on a steam bath 
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and then completely remove the nitric acid by heating on a hot plate until copious 
evolution of white fumes of sulfuric acid occurs Cool add 2 to 3 ml of water 
and again heat to fuming Cool add 50 ml of water and 100 ml of alcohol and 
let stand several hours (preferably overnight) Filter through a Gooch crucible 
previously washed v ith water first then with acidified alcohol (100 parts of water 
200 of alcohol and 3 of sulfuric acid) and finally with alcohol and dried at 
200®C Wash the precipitate of lead sulfite in the crucible about 10 times with 
the acidified alcohol and then with alcohol to remove sulfuric acid Dry at 200‘C 
to constant weight keeping the crucible covered to prevent loss from spattering 
From the weight of lead sulfate in the sample calculate the percentage of lead 
oxide using a factor of 0 7360 

The procedure is applicable to Bordeaux lead arsenate Bordeaux zinc arsenite 
Bordeaux Paris green and Bordeaux calcium arsenate 

PARIS GREEN 

TOTAL ARSENIOUS OXIDE 

Reagent Ammonium Chloride Solution —Dissolve 2a0 g of ammonium chloride 
in water and dilute to 1 liter 

Procedure —W eigh 03 g of sample and wash into an Erlenmeyer flask with 10 
to 15 ml of hydrochloric (1 4- 4) ot 10 to 15 ml of sulfuric acid (1 + 4) followed 
by about 100 ml of water and heat on a steam bath only long enough to complete 
solution at a temperature not exceeding 90 C (If sulfuric acid is used the solu 
tion may be heated to boiling) Cool neutralize with sodium bicarbonate add 
4 to 5 g in excess and then add sufficient ammonium chloride solution to dissolve 
precipitated copper Dilute somewhat and titrate with standard iodine as for 
Arsenic (Total) Make correction for the quantity of iodine solution necessary to 
produce blue color with starch in the presence of copper using equivalent weight 
of copper sulfate From corrected volume of iodine solution calculate the per 
centageof arsemous oxide 

WATER SOLUBLE ARSENIOUS OXIDE 

Procedure —To a I g sample in a 1 liter Florence flask add 1 liter of recently 
boiled water that has been cooled to 32°C Stopper the flask and place it in a 
water bath thermostated at 32°C Digest for 24 hr shaking hourly for 8 hr during 
this period Filter through a dry filter and transfer 250 ml of filtrate to an Erlen 
meyer flask Add 4 to 5 g of sodium bicarbonate and titrate with standard iodine 
solution as in the method for arsenic (water soluble) Correct for quantity of 
iodine solution necessary to produce the same color using the same reagents and 
volume Calculate the amount of arsemous oxide present and express results as 
percentage of water soluble arsemous oxide 

TOTAL COPPER OXIDE 

Procedure— Treat a 2 g sample in a beaker with 100 ml of water and about 
2 g of sodium hydroxide Boil until all of the copper is precipitated as cupric 
oxide Filter wash well with hot water dissolve the precipitate in hot nitric acid 
(1 4-4) cool transfer to a 2o0 ml volumetric flask and dilute to the mark Elec 
troljze a 50 or 100 ml aliquot as instructed in the method for copper below 
From the weight of copper calculate percentage of copper oxide 
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COPPER 

Procedure .— Evaporate the filtrate and washings from the lead sulfate precipita- 
tion in the lead oxide procedure to fuming; add a few milliliters of fuming nitric 
acid to destroy organic matter, and continue the evaporation to about 3 ml. Take 
up in about 100 ml. of water, add 1 ml. of nitric acid, and filter if necessary. Wash 
into a weighed, 150-ml. platinum dish, and electrolyze, using a rotating anode and 
a current of about 3 amp. (A 150-ml. beaker and weighed gauze cathode may be 
used in lieu of the platinum dish.) After all copper has been deposited (about 
30 min.), and while the current is still flowing, wash the deposit with water by 
siphoning. Interrupt the current, rinse the cathode with alcohol, dry a few 
moments in an oven, and weigh. Calculate percentage of copper in the sample. 

The method is applicable to mixtures of Bordeaux with lead-, zinc-, and calcium- 
arsenate, and Paris green. 


ZINC ARSENITE 

TOTAL ARSENIC 
See ‘‘Arsenic (Total),” p. 1849, above. 

TOTAL ARSENIOUS OXIDE 

Use method for total arsenious oxide, Paris green, using appropriate zinc salt 
for blank determination. 


WATER-SOLUBLE ARSENIC 

See “Arsenic (Water-Soluble),” p. 1851, above. 

TOTAL ZINC OXIDE 

Procedure.— Transfer to a beaker a 25-ml. aliquot of the solution prepared for 
acid. If much iron is present, reduce by adding a little sodium bisulfite and heating 
the determination of total arsenious oxide, above, and add 5 ml. of hydrochloric 
on a steam bath until the odor of sulfur dioxide has practically disappeared. Cool, 
dilute to about 100 ml., and proceed with the method for zinc oxide, below, be- 
ginning “add 35 to 40 ml. of the mercury-thiocyanate solution reagent. . . .” 

ZINC OXIDE 

Reagent. Mercury-Thiocyanate Solution.— Dissolve 27 g. of mercuric chloride 
and 30 g. of ammonium thiocyanate in water, and dilute to 1 liter. 

Procedure— Concentrate the filtrate and washings from the sulfide precipitation 
in the lead oxide procedure, by gentle boiling, to about 50 ml., and continue the 
evaporation on a steam bath, to dryness. Dissolve the residue in 100 ml. of water 
containing 5 ml. of hydrochloric acid, and add 35 to 40 ml. of the mercury-thio- 
cyanate solution reagent with vigorous stirring. Allow to stand for at least 1 hr. 
with occasional stirring. Filter through a weighed Gooch crucible, wash with water 
containing 20 ml. of the mercury-thiocyanate reagent per liter, and dry to constant 
weight at 105°C. Weigh and calculate the percentage of zinc oxide, using the 
factor 0.1633. 
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to aid in packing. When the boundary between the solvent and silicic acid remains 
stationary, release pressure cautiously, pipet out most of excess solvent, and reapply 
pressure until about Ys in. of solvent remains above adsorbent. 

Procedure— Pipet a 10-ml. aliquot of the sample solution onto the column by 
allowing it to flow slowly down the inside of the column without disturbing the 
surface of the silicic acid. Wash dotvn the side of the column with 2 ml. of the 
mobile solvent, and force solution into the silicic acid by applying a 2 to 3 lb. 
pressure, releasing pressure when all solvent has entered column. Add 10 ml. of 
mobile solvent, and force into the column. Release pressure and slowly add mo- 
bile solvent to within 3 to 5 in. from top of column. Apply sufficient pressure to 
force solvent through the column at a rate of 3 to 4 ml. per min. Just before the 
last trace of dye leaves the column, begin to collect 10-ml. fractions, alternately 
using two 10-ml. graduated cylinders. Transfer each fraction to a 125-ml. Erlen- 
meyer flask, and evaporate to dryness, using the solvent evaporator. (Fractions 
should be evaporated without boiling; if boiling occurs, raise flask momentarily 
from water bath.) 

Appearance of gamma isomer will be recognized upon evaporation by its tend- 
ency to cover the bottom of the flask as a white residual film with a typical crystal 
formation. When first residue of gamma isomer is recognized, begin to collect 
10-ml. fractions until all gamma isomer is obtained (usually no more than 8 frac- 
tions). Dissolve residue in each flask with 5 ml. of ti-hexane, and transfer to a 
weighed flask, rinsing flasks successively with 5-ml. portions of n-hexane. Evapo- 
rate the solvent by using a solvent evaporator. Evacuate die flask about 20 min. 
at room temperature with a vacuum pump. (There is little danger in evacuating 
125-ml. Erlenmeyer flasks; larger size flasks, however, are likely to collapse under 
vacuum.) Release vacuum, wipe with a clean, moist towel, and allow to stand 
5 min. Weigh, and calculate the percentage of gamma benzene hexachloride in 
the original sample. 

Melting Point Deteimination of the Gamma Fraction .— Dissolve the residue in 
a minimum amount of acetone, and transfer quantitatively to a 10-ml. beaker. 
Evaporate acetone at 40°C. with the aid of a filtered air stream. Scrape the residue 
from the beaker for melting point determination. (The beaker may be set on a 
piece of dry ice to insure the preparation of a finely powdered product.) Place 
material in an agate mortar, and mix thoroughly with the pestle. 

Select 2 clean and dry capillary tubes, and fill with sample. Be sure material is 
well packed into bottom of tube to insure maximum contact between sample and 
trail of tube. Insert tubes and thermometer bulb in a Thiele tube so that the 
samples and the thermometer bulb are contiguous. Start stirrer and heater, and 
adjust heating rate to 1° per min. at 90°C. Continue heating until the sample 
melts or 106°C. is reached. Reduce the heating rate to 0.5° per min., and continue 
heating until sample melts. 

The sample melting point is the corrected temperature of the bath when the last 
solid disappears into the clear melt. If the melting point is less than 108°C., check 
the result by the infrared method. 

BENZENE HEXACHLORIDE— TOTAL CHLORINE METHOD 

See “Chlorine (Total),” p. 1860, and “Chlorine or Bromine in Organic Com- 
pounds," p. 1862, below. 
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CALCIUM CYANIDE* 

CYANIDE 

Reagents. Soda-Lead Solution.— Dissohe 20 g of lead acetate in water, dilute 
to 1 liter, and add 200 g of chlorine free sodium carbonate 
Procedure —Place about 200 ml of water in a 500 ml volumetric flask, and care 
fully dry the neck of the flask Weigh about 5 g of sample in a weighing bottle, 
and transfer to the flask with the least possible exposure to air Wash the mixture 
down into the flask and mix b\ swirling until solution is complete and the small 
quantity of calcium carbide has been decomposed Add 25 ml of the soda lead 
solution, or a quantity sufficient to remove sulfides, close the flask with a rubber 
stopper and shake thoroughly, preferably for 30 min Dilute to the mark, mix 
and filter through a dry filter Transfer a 50 ml aliquot to a 400 ml beaker, and 
proceed as in the method for sodium and potassium cyanides One ml of 0 1 N 
siher nitrate equals 0 005204 g of cyanide CN X 1 7702 gives percentage of ca! 
cium cyanide 


CAPTAN * 

Reagents Ammonium Thiocyanate, 0.1 N. 

Silver Nitrate, 0 1 N. 

Sodium Hydroxide, 0 25 N. 

Procedure— Weigh 1 g of captan and transfer to a 250 ml, glass stoppered vol 
umetric flask 

\dd 125 ml of absolute MeOH and swirl 

Add acetone up to the mark and mix until captan is dissolved (With technical 
captan a small flocculent residue may be expected) 

(Do not allow the solution to stand more than 45 min after addition of methanol 
before proceeding, since captan may slowly react with methanol ) Adjust the 
volume in the flask as may be necessary because of solvent shrinkage, temperature 
change, etc Transfer to a flask suitable for refluxing a 100 ml aliquot Transfer 
another 100 ml to an Erlenmeyer flask 

To the portion m the refluxing flask add 50 ml of 0 25 N sodium hydroxide, 
connect to condenser, and reflux for 1 hr 

After 1 hr refluxing, remove the heat and cautiously add 5 ml of 30% hydrogen 
peroxide 

When the mixture has cooled somewhat, remove the flask from the condenser, 
and boil for 10 min to decompose the peroxide and evaporate some solvents The 
volume remaining should be about 60 ml If the solution is not now practically 
colorless, add 5 ml more hydrogen peroxide (and water if necessary to maintain 
volume) and boil another 10 min. 

Add 10 ml of (1 -f- 1) nitric acid and about 1 g of ferric sulfate Add from a 
buret about 40 ml of standard 0 1 A' silver nitrate solution Add 5 ml of nitro 
benzene, shake, and complete Volhard titration. The net titration expressed as 
milliequtvalents gives (C1) B . the total chlorine content of the aliquot 

The titration of the other (untreated) aliquot should be carried out about a 
min. after the solution is begun. The time is not critical, but uniformity of p r0 * 

s Reproduced with permission from Official Methods of Analysis Association of Official 
Agricultural Chemists, Inc, Washington, DC , 

* Reproduced with permission from the California Chemical Co, Richmond, Cali 
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cedure is desirable. This titration should be done while the other aliquot is re- 
fluxing. Proceed as follows: add all at once 60 ml. of the “special reagent solution,” 
the composition of which is given below, and leaving out nitrobenzene, proceed 
at once with the Volhard titration (about 2 ml. of 0.1 N silver nitrate; the titration 
should be completed within about 2 min. after the “special reagent solution” is 
added, because captan is hydrolyzed at an appreciable rate under these conditions; 
the net titration expressed in milliequivalents gives (C1) A , the non-captan chlorine 
content of the aliquot. 

“Special Reagent Solution” for (Cl) Titration.— Make this solution in the pro- 
portions of: (1) 50 ml. of water; (2) 10 ml. (1 + 1) of nitric acid; and (3) 1 g. ferric 
sulfate. 

Calculations.— Net captan-chlorine in 100-ml. aliquot 


(Cl) = (CI) B - (C1 )a 

Then, since a 1-g. sample was taken, and the milliequivalent weight of captan is 

= 0 . 1002 , 


0.3006 


captan, per cent = 


(Cl) X 0.1002 


1 X 


100 


X 100 


250 

= (Cl) X 25.05 


CERESAN AND LIGNASAN 

DETERMINATION OF TOTAL MERCURY 

Reagents. Mixed Acid.— Place 300 cc. of 20% fuming sulfuric acid in a 500-ml. 
Erlenmeyer flask; cool in an ice bath, and slowly add 1 50 ml. of concentrated nitric 
acid, keeping the acids cold during the mixing. 

Saturated Potassium Permanganate Solution. 

Saturated Ferrous Alum Solution. 

Standard 0.05 N Ammonium Thiocyanate Solution.— This solution should be 
standardized by dissolving 0.25 to 0.3 g. of standard mercuric oxide in 20 to 25 ml. of 
1-3 nitric acid, treating with potassium permanganate and ferrous alum, as in the 
procedure below, and titrating with the ammonium thiocyanate. 

Procedure.— Weigh a 5-g. sample of ceresan, and transfer it to a dry, 500-ml. 
Kjeldahl flask. Cool under the tap and add 45 ml. of mixed acid. Place the flask 
in a “Crisco” or oil bath, put an 8-in. Hopkins condenser in the neck of the flask, 
and heat the bath to 110°C., and maintain this temperature for 30 min. Then 
raise the temperature of the bath to 165°C., and keep at this temperature for 1 hr. 
Remove the condenser, allowing the condensed vapois to drain into the flask. 
Continue heating for 1 hr. more, remove the flask from the bath, and cool to room 
temperature under the tap. Add 100 ml. of water, 5 wipe the outside of the flask 
dry with a cloth, and boil the solution until nearly all the nitrogen oxide fumes 
have been driven off. Cool die flask under the tap, transfer the contents to a 
500-ml. Erlenmeyer flask, and cool again to 20°C. Add saturated potassium per- 
manganate solution until a violet color persists for 5 min. (not less than 5 ml.). 
Remove the excess potassium permanganate with the ferrous alum solution, and 
titrate the solution with the ammonium diiocyanate solution to die first permanent 
pink color. 

5 The water must be free from chlorides; distilled water is preferred. 
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Calculation Standardization 

100 X w eight of HgO 
milliliters NH«CNS X 10 83 


Determination 


milliliters NH 4 CNS X N X 10 03 
weight of sample 


= percentage of mercury 


where N = normality of NHiCNS solution 


CHLOROBENZILATE 

See Chlorine (Total) below and Chlorine and Bromine in Organic Com 
pounds, p 1862 below 


CHLORINE (TOTAL) 

Organic pesticides that contain chlorine may be analyzed by determining the 
amount of chlorine present and calculating the amount of the pesticide by using 
the appropriate factor A partial list of compounds which may be determined in 
this manner with the factors for conversion of chlorine found to the pesticides 
follows 


Compound 

Factor 

Aldrm 

1 72 

Aramite 

9 45 

Captan 

2 83 

Chloranil (Spergon) 

1 73 

Chlordane 

1 56 

Chloro-IPC 

6 03 

DDD, TDE 

2 26 

DDT 

2 00 

Dichlone, Phygon 

3 20 

Dichlorodiethyl ether 

2 02 

2,4 Dichlorophenoxyacetic acid 

3 12 

Dieldrm 

179 

Diuron, Karmex DW 

3 29 

Endnn 

1 79 

Heptachlor 

1 51 

Kethanc 

2 09 

Methoxychlor 

3 29 

Monuron, CMU, Karmex W 

5 69 

Neotran 

3 79 

Ovotran 

4 28 

Pentachlorophenol, technical 

1 55 

Pcrthane 

4 33 

Strobane 

1 52 

Toxaphene 

1 49 

2,4,5-Trichlorophenoxvacetic acid 

2 40 
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The factors given are approximate, since technical compounds may contain im- 
purities that contain chlorine. The values will be found to be reasonably accurate 
for products on the market, and are satisfactory for practical use. 

Reagents. Benzene, Thiophene Free. 

Ferric Ammonium Sulfate Solution, Saturated.— This should have sufficient color- 
less nitric acid to remove the brown color. 

Ferric Sulfate. 

Nitrobenzene, Mono. 

Potassium Thiocyanate, Standard Solution, 0.1 N. 

Silver Nitrate, Standard Solution, 0.1 N. 

Sodium Metal, Ribbon or Small Pieces. 

Procedure. Powders.— Transfer a quantity of sample, containing about 0.5 g. 
of pesticide, to an extraction thimble, and extract with about 150 ml. of benzene 
in a Soxhlet extractor for 8 hr. Transfer the benzene extract to a 200-ml. volum- 
etric flask, rinse the extraction flask 2 or 3 times with a few milliliters of benzene, 
add the rinsings to the volumetric flask, make to volume with benzene, and shake 
well. Take a 20-ml. aliquot of the diluted benzene extract, transfer to a 300-ml., 
24/40 standard taper Erlenmeyer flask, and cautiously evaporate the benzene to 
about 10 ml. (or slightly less) on a steam bath. Do not let the benzene evaporate 
to complete dryness. At this point, starting with “Add 50 ml. of 99% isopro- 
panol . . . ,” follow the procedure given below for liquid formulations. 

Liquid Formulations.— Transfer a quantity oi sample containing about 0.5 g. of 
pesticide (for compounds containing lower amounts of chlorine, increase to as 
much as 1.0 g.) into a 100-ml. volumetric flask, add 10 ml. of chlorine- and thio- 
phene-free benzene, and dilute to volume with 99% isopropanol. Mix well and 
transfer a 10-ml. aliquot of the solution to a 300-ml., 24/40 standard tapered Erlen- 
meyer flask. Add 50 ml. of 99% isopropanol, 5.0 of freshly cut small pieces of 
metallic sodium, and shake the flask to mix the sample with the alcohol. 

Connect the flask to a reflux condenser and boil gently for 3 hr. If necessary, 
add more sodium to maintain an excess at all times during the reduction. Shake 
the flask occasionally. Eliminate excess sodium by cautiously adding 10 ml. of a 

1 + 1 mixture of isopropanol and water through the top of the condenser in small 
portions. Boil for 10 min. more, then slowly add 60 ml. of water. If a cake of 
solid material has formed on the bottom of the flask, add the first few portions 
of the 60 ml. of water cautiously, observing closely after each addition for indica- 
tions of globules of free sodium embedded in the cake. The treatment with 10 ml. 
of 1 + 1 isopropanol and water does not always dissolve such cakes completely. 

Add 5 ml. of 30% hydrogen peroxide, a few drops at a time, through the top 
of the condenser and boil 15 min. Let cool, add another 5 ml. of 30% hydrogen 
peroxide, and boil again for 15 min. 

Disconnect the flask, add a few glass beads, and boil on the steam bath until the 
floating layer of benzene and isopropanol has been removed. 

Cool, add 2 or 3 drops of 1% phenolphthalein, and neutralize by adding nitric 
acid (1 + 1) dropwise, then add 10 ml. in excess. Cool, if necessary, to room tem- 
perature, transfer contents of the flask and aqueous washings to a small separatory 
funnel, and shake with 15 ml. of isoamyl alcohol-ether (1 -f- 1). Drain the aqueous 
layer into a second separatory funnel, and extract again with 15 ml. of the isoamyl 
alcohol-ether mixture. Drain the aqueous layer into a 250-ml. beaker. Wash the 

2 extracts successively with 10 ml. of water, and repeat with another 10 ml. of 
water. Combine the aqueous wash solutions with the solution in the beaker. 
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At this point several procedures for determining the chlorine content of the 
solution are acceptable Three choices are listed below 
Method } —Add a slight excess of the silver nitrate solution and coagulate the 
precipitated silver chloride by digesting on a steam bath for 30 min with frequent 
stirring Cool filter through a fast, qualitative paper, and wash thoroughly with 
water Add 5 ml of the feme alum solution, and determine the excess silver 
nitrate in the filtrate by titrating with the potassium thiocyanate solution Sub 
tract the quantity of silver nitrate found in the filtrate from that originally added 
The difference is that required to combine with the chlorine in the solution One 
ml of 0 1 A silver nitrate = 0 003546 g of Cl 
Method 2 —Add a slight excess of the silver nitrate solution, then add 5 ml of 
nitrobenzene and 0 5 g of ferric sulfate, and swirl the flask to coagulate the pre 
cipitate Back titrate the excess silver nitrate with 0 1 JV potassium thiocyanate to 
a faint pink color Cross titrate with both standard solutions, crossing the end 
point in each direction, to assure accurate results Calculate as above 
Method 3 — The isoamyl extraction step is not required in this procedure After 
removal of the isopropanol and benzene from the reaction flask on the steam bath, 
cool the flask, add 2 to 3 drops of the plienolphthalein solution, neutralize with 
nitric acid (1 + 1), and add 6 ml in excess Cool the flask to room temperature 
and transfer its contents to a 400 ml beaker The volume should be 200 to 250 ml 
Titrate chlorine with 0 1 N silver nitrate potentiometncally, using silver silver 
chloride electrodes (Fisher titnmeter or equivalent) Calculate chlorine from 
amount of silver nitrate required 

Note— Some formulations mav contain benzene soluble colored matter that mil interfere 
null the titration, if done visually In this case, add to the original benzene solution 
0 5 to 1 0 g of decolorizing carbon, and filter through a fast paper into a narrow nected 
flask keeping the funnel covered with a watch glass to avoid loss by evapoiation Horn 
this point proceed as befoie If ihe potentiometnc titration is used, decolorizing is un 
necessary 

CHLORINE OR BROMINE IN ORGANIC COMPOUNDS 
SODIUM BIPHENYL METHOD 

This method can be used m place of the sodium reduction method for the de 
termination of chlorine or bromine in organic compounds The sodium biphenyl 
reagent is extremely reactive, and rapidly dehalogenates the compound, but it is 
decomposed by water, alcohols, and acids which may cause the method to fad 
Reagent Sodium Biphenyl Reagent —A solution of sodium biphenyl in toluene 
and ethylene glycol dimethyl ether It may be prepared by Liggett s method, 1 or 
purchased from Southwestern Analytical Chemists ' 

Procedure —Weigh a sample containing 20 to 150 mg of chlorine (35 mg for the 
potentiometnc determination) into a 125 ml or 230 ml separatory funnel con 
taming 20 ml of benzene (chlorine free) For dusts, dissolve the sample in 100 ml 
of benzene, and take a suitable aliquot for analysis (Other chlorine free, dry 

* Liggett, L M , Anal Chem , 26, 748 1954 . 

" Organic halogen reagent (sodium biphenyl solution). Catalogue No 500, one par *o 
approximately §1600, from Southwestern Analytical Chemicals, PO Box 485, Austin 
lexas 
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solvents, other than alcohols or acids, may be used.) Add 20 ml. of sodium bi- 
phenyl reagent (the contents of a bottle of purchased reagent), stopper, and mix, 
venting the separatory funnel carefully because the contents usually become quite 
warm. The reaction is complete in 1 or 2 min., and the mixture should have a 
green or green-brown color, indicating an excess of reagent. If the solution is 
brown, the reaction may be incomplete, and more reagent must be added; the de- 
termination should be abandoned, however, if it is believed that a large quantity 
of interfering substances is present. Use of a small sample minimizes the inter- 
ference. 

Add water a few drops at a time to decompose the excess of reagent, then add 
25 ml. of water, and shake gently to avoid the formation of an emulsion. Transfer 
the aqueous layer to a second separator)' funnel containing 25 ml. of ether, shake, 
allow to separate, and transfer the aqueous layer to a beaker. Repeat the extrac- 
tion with two 25-ml. portions of nitric acid (1 + 9), collecting the extracts in the 
same beaker. The solution should now be acid. 

Determine the chloride by potentiometric, gravimetric, or Volhard methods, as 
in the sodium reduction method. 


CHLORTHION 

See “Parathion or Methyl Parathion,” p. 1890, and “Phosphorus (Organic),” 
p. 1891, below. 

CMU 

3-(p-CHLOROPHENYL)-I,l-DIMETHYLUREA 

Reagents. Potassium Hydroxide, 20%. 

Hydrochloric Acid, 0.1 A Standard. 

Sodium Hydroxide, 0.1 N Standard. 

Apparatus.— A 500-ml. boiling flask with 24/40 standard-taper joint and ther- 
mometer well, with heating mantle and variable transformer. The flask is con- 
nected to a vertical reflux condenser, the top of which is connected to die top of a 
second vertical condenser with a glass U-tube with standard taper joints. The 
second condenser connects with a glass tube that dips into the solution in a receiv- 
ing beaker. 

Procedure .— Weigh a sample containing about 0.4 g. of CMU into the reaction 
flask, dissolve in 25 ml. of ethyl alcohol, and add 100 ml. of glycerol and 100 ml. 
of 20% potassium hydroxide. Attach immediately to the first condenser and pipet 
50 ml. of 0.1 jY hydrochloric acid into the receiving beaker. Reflux for 2}£ hr. 
with water flowing in both condensers. Remove the water from the first condenser 
and distill until the temperature at the thermometer well reaches 175°C. (about 50 
min.). The temperature rises rapidly at the end. Titrate the excess standard acid 
with standard sodium hydroxide potentiometrically, using a glass electrode and a 
calomel electrode. The inflection point, at about pH 7.6, is taken as the end point. 
Bromothymol blue may be used as an indicator, and titration may be made visually, 
with less accuracy. Calculate the percentage of CMU. 

1 ml. of 0.1 N acid = 0.001987 g. of CMU. 
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CRYOLITE 

See “Fluorine,” below, p 1876 


CUBE 

See “Rotenone, * below, p 1899 

2,4-D; 2,4,5-T OR MIXTURES OF BOTH 

TOTAL CHLORINE DETERMINATION 

Procedure —Weigh and mix 1 5 g of boric anhydride (Eastman Kodak Co, 
Catalogue No 2685 or equal) 1 0 g finely powdered potisxium nitrate, and 04 g 
of finely powdered sucrose Transfer about one fourth of this mixture to a 42ml 
I’arr bomb, electric ignition type, and add from a small weighing buret about 0 25 
to 0 JO g of sample, containing from 0 050 to (J 054 g of chlorine (If a sample 
Itrger than 0 50 g is required use 25 g of boric anhydride No more than 0 6 g 
of sample should be used) Mix well with a thin stirring rod Add the remainder 
of the boric anhydride potassium nitrate and sucrose mixture in small portions 
md thoroughly mix after each addition Measure 15 g of calorimetric grade 
sodium peroxide in a standard me isuring dipper add a small portion to the ton 
tuns of the bomb, and stir Add the balance of the sodium peroxide and thor 
oughly mix by stirring with the rod Withdraw the rod and brush free of adhering 
particlts Quickly cut or break off the lower 1 5 in of the rod, and imbed it m 
the fusion mixture Sprinkle a small quantity of the sucrose on top of the fusion 
mixture Prepare the head by heating the fuse wire momentarily in a flame and 
immersing it in a small quantity ol sucrose One mg of the sugar is sufficient to 
start the combustion Assemble the bomb and ignite it in the usual manner 

PI ice about 100 ml of distilled water in a 600 ml beaker, and heat nearly to 
boiling After cooling the bomb dismantle it and dip the cover in the hot water 
to dissohe any of the fusion that may be adhering to its under side Wash the 
cover with a fine jet of distilled water, catching the washings in the beaker With 
a pair of tongs, lay the fusion cup on its side in the same beaker of hot water 
covering it immediately with a watch glass After the fused material has been dis 
sohed, remote the cup ami rime i nth hot water, cool the solution, add several 
drops of phenolphthalein indicator neutralize with concentrated nitric acid, and 
add 5 ml in excess From this point, the chlorine may be determined by electro 
metric titration or by the Volhard procedure 

Note— The combination of materials used m a sodium peroxide bomb lias explosive 
properties if wrongly handled, and the operatoi should remain fully aware at all Miiu* 
of the precautions that must be observed and the steps that must lie taken to avow 
damage to the apparatus and possible peisonal injuiy It is suggested that the instruction’ 
and precautions given in the Parr Manual Number 121— Pcioxidc Ilomb Apparatus am 
Methods P irr Instrument Coinpanv Moline 111 be observed 

This procedure may be used for herbicides containing oils and emulsifiers 
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DDT 

COLORIMETRIC METHOD FOR DETECTION IN 
INSECTICIDAL POWDERS 

Reagents. Nitrating Solution.— A 1 : 1 mixture by volume of concentrated sulfuric 
add and fuming nitric acid. 

Benzene. 

Sodium Hydroxide Solution, 1%. 

Sodium Chloride Solution, Saturated. 

Sodium Methylate Solution, 4 to 5 g. Metallic Sodium per 100 ml. Absolute 
Methyl Alcohol. 

Procedure — Weigh a quantity of sample, containing about 0.5 mg. of DDT, and 
transfer it to a large test tube. Add 1 ml. of nitrating solution, immerse in steam 
bath and heat for 1 hr. Cool, and add 5 ml. of water. Rinse into a small separa- 
tory funnel, and extract with 10 ml. of benzene. Wash the benzene extract with 
1 or more 10-ml. portions of 1% sochum hydroxide solution, until the washings are 
colorless. Finally, wash twice with 10-ml. portions of saturated salt solution. To 
1 volume of the benzene extract (5 to 10 ml.) add 2 volumes of sodium methylate. 
p,//-DDT will yield a blue color, o,/>'-DDT gives a violet red color, and commer- 
cial DDT will give a violet blue color. 

The method is applicable to mixtures ot DDT with sodium fluoride, sodium 
borate, pyrethrum powder, cube powder, Lethane A-70, and sulfur. It will give 
a positive blue color test in the presence of DDD (dichlorodiphenyl-dichloroethane 
and some aromatic halogen compounds, such as p-dichlorobenzene. It is inappli- 
cable in the presence of 2,4-dinitroanisole. which gives a deep orange color, and 
naphthalene, which gives a red color. The method is not dependable for the 
detection of DDT in liquid insecticides. Many ingredients in the various formulas, 
including crude kerosene, cause interference. 

INFRARED DETERMINATION IN DUSTS 

Standard Solution .— Weigh 0.250 g. technical DDT into a 50-ml. volumetric flask 
(or other glass-stoppered container) and add exactly 25 ml. of carbon disulfide. 
If the sample to be analyzed contains sulfur, add the weight of sulfur expected 
in the portion of sample to be taken for analysis. Shake to dissolve and add a 
small quantity of anhydrous sodium sulfate. Centrifuge a portion of the solution 
if it is not clear. 

Procedure .— Weigh a sample containing about 0.25 g. DDT into a 50-ml. volu- 
metric flask and add exactly 25 ml. of carbon disulfide and a small quantity of 
anhydrous sodium sulfate. Let stand for at least 30 min. with occasional shaking. 
Transfer a portion to a glass-stoppered test tube and centrifuge for a short time. 
Transfer to a sodium chloride cell and scan with an infrared spectrophotometer. 
Scan the standard solution in the same manner. 

Repeat the scan if checking the reproducibility of the instrument is desired. 

Measure the absorbance of the DDT peak at 9.83 n with baseline from 9.4 ^ 
to 10.2 n, and calculate the percentage of DDT. 
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DDT— TOTAL CHLORINE METHOD 
See ‘Chlorine (Total),' p 1860, and "Chlorine or Bromine m Organic Com 
pounds," p 1862, above 


DEMETON 

See Phosphorus (Organic)." p 1891 below 

DERRIS 

See "Rotenone,’ p 1899, below 


DIAZINON 

See "Phosphorus (Organic),* p 1891, below 

DIBUTYL OXALATE IN INDALONE OR IN 6-2-2 
REPELLENT MIXTURE 

Apparatus Ceninfuge Tubes— These should be oil tubes AS1M, D% peir 
shape, 125ml capacit), graduated to 100 ml, with lower stem graduated to 3 ml 
in 0 1 ml , or from 0 to 1 5 ml , in 0 1 ml , from 1 5 to 5 ml in 0 5 ml , from 
5 to 10 ml m 1 ml and also at 15, 20 25, 50 and 100 ml 

Weighing Sling —Make a sling from chrotnel wire to hold centrifuge tube for 
weighing on analytical balance 

Centrifuge —The centrifuge must be equipped with Trunnion carrier and head 
for pear shaped oil tubes 

Shaking Machine, Fischer Kahn, or Equivalent 

Reagents. Ethyl Acetate, U S I* 

Ethyl Alcohol, 95% 

Ammonium Hydroxide, C I* , Sp Gr , 90 

Oxamide Powder.— Wash crystalline oxamtde with 95% ethyl alcohol, filter on 
a Buchner funnel, and then wash with ethyl acetate, dry on steam bath to remove 
solvent completely, and then place in drying oven at 100°C. for 15 min Transfer 
the dry powder to a v lal 

Procedure —Place on the tip of a micro spatula a small quantity (about 3 mg) 
of oxamide powder and transfer to the bottom of a centrifuge tube Then place 
the tube in the weighing sling and weigh to the nearest 0 1 mg Introduce b) 
pipet about 20 ml of sample (Indalonc or 6 2 2 repellent mixture) and obtain its 
weight, by difference to the nearest milligram Add 40 ml of ethyl accrue and 
from a buret or pipet, 8 ml of ammonium hydroxide Stopper the tube tight!), 
shake vigorously by hand for about 15 sec, and remove the stopper to release the 
pressure, stopper and repeat die shaking for 15 sec, release the pressure, finally 
stopper tightly, place the tube in the shaking machine, and fix firmly in a horizon 
tal position Shake mechanically for 30 min, and remove the tube Place m die 
centrifuge immediately and centrifuge for 5 min at about 2000 rpm Remove 
the tube, and at once decant the liquid carefully from the precipitate in the stein 
of the tube. Add about 5 ml of 95% ethyl alcohol, and wash the precipitate ) 
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carefully rocking and rotating the tube in the palms of tire hands. Using about 
5 ml. of 95% ethyl alcohol, wash down the walls of the tube. Centrifuge at 2000 
r.p.m. for 5 min., again decant carefully, and repeat the above washing operation, 
using ethyl acetate instead of ethyl alcohol. Centrifuge finally for 5 min., and 
decant carefully. By gently tapping the stem of the tube against the palm of the 
hand, and rotating the tube, disperse the precipitate along the lower wall of the 
tube. Now place the tube in a horizontal position on the steam bath and heat 
5 min. or more until traces of ethyl acetate are removed, as determined by absence 
of odor. Place the tube in a drying oven at 100°C. for 15 min., remove, allow to 
cool to room temperature, and weigh. Calculate the percentage of dibutyl oxalate 
as follows: 

W 

Dibutyl oxalate, per cent = — y X 230 


where W p = weight of precipitate in grams, and 
W s = weight of sample in grams. 

DIELDRIN 

DETERMINATION IN FORMULATIONS BY PARTITION 
CHROMATOGRAPHY 

Reagents. Silicic Acid, Mallinckrodt’s Chromatographic Grade. 

Ethyl Ether. 

n-Hexane, Technical, Redistilled. 

Nitromethane, Redistilled. 

Petroleum Ether. 

Mobile Solvent.— n-Hexane saturated with nitromethane. 

Mixed Dye Solution.— Dissolve 25 mg. each of D and C Violet No. 2 and D and 
C Red No. 18 in 50 ml. of mobile solvent. Store in a glass-stoppered bottle. 

Apparatus .— Chromatographic tube, as specified for determining gamma BHC. 

Preparation of Sample— Weigh a sample of dust containing 1.00 g. of dieldrin, 
and extract on Soxhlet or Goldfisch for 6 hr. or overnight. If DDT is present 
the sample should be limited to Contain I g. or less of DDT. Evaporate the ex- 
tract until the ether odor is not detected. Add 25 ml. of mobile solvent, and on 
dusts containing sulfur, heat just to boiling. Allow to cool to room temperature. 
Decant through pea-sized wad of cotton into a 50-ml. volumetric flask containing 
1 ml. of the mixed dye solution. Make a second hot extraction on the sulfur 
bearing dusts. On other dusts, transfer the residue from the ether extract to a 
50-ml. volumetric flask with mobile solvent. Add 1 ml. of mixed dye, and make 
to volume. 

For 16% dieldrin solutions, weigh a 4-g. sample into a 50-ml. volumetric flask, 
add 1 ml. of mixed dye, and make to volume with mobile solvent. Some samples 
contain materials that go through the column and prevent good separation of 
fractions; if this happens weigh the required amount of sample into a 125-ml. 
Erlenmeyer flask. Add a few boiling stones and 10 to 20 ml. of petroleum ether 
“F." Attach to a suction manifold, and place in a warm water bath. Too much 
suction will cause a sudden boiling and loss of sample. Leave on suction in the 
bath until the volume no longer decreases. Repeat this several times, if possible. 
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until a solid residue is obtained Take tins residue up with mobile solvent and 
prepare sample as usual 

Preparation of the Column— For all samples except dieldnn in oil solutions use 
75 g (±0 5 g) of silicic acid about 42 ml of mtromethane and 225 ml of mobile 
solvent Because each batch of silicic acid is different the amount of mtromethane 
required must be determined by trial For dieldnn in oil samples use 100 g of 
silicic acid about 55 ml of mtromethane and 300 ml of mobile solvent Transfer 
to a Waring Blendor mix for 15 sec and then pour mixture quickly into the 
chromatographic tube A 3 ft glass stirring rod worked around in the tube will 
remove trapped air bubbles Apply pressure to the column until the silicic acid 
ceases to settle Release the pressure and remove all except 1 in of the upper 
solvent layer using steady suction and a trap to catch the solvent Again apply 
pressure up to 8 lbs to the column until about % in of mobile solvent remains 
above the silicic acid (The silicic acid should remain covered with mobile solvent 
if the top of the column becomes dry channeling may occur ) 

Operation of the Column Pipet 10 ml of the prepared sample solution and 
allow to flow slowly down the side of the tube Force solution into the silicic 
acid Wash wall twice with 1 to 2 ml portions of mobile solvent pressing each 
washing into the column then gently fill the tube up to within 1 in of the top 
v ith mobile solvent Apply pressure to give a flow to 3 to 4 ml per mm 

Collection of the Fractions —For samples containing DDT m addition to diel 
dnn collect the fractions from just before the red band reaches the fritted disc 
through all the red portion This contains the DDT Between the red band and 
the violet band is the hexachloro epoxy octihydro dimethanonaphthalene (HEOD) 
Start taking fractions for this when all of the red dye is out of the column taking 
5 ml fractions until the HEOD appears Evaporate these fraettons carefully as 
the material tends to splatter Splattering may be eliminated by using a steam 
bath and no suction instead of a water bath at 65°C and reduced pressure Com 
bine fractions in a weighed flask evaporate on water bath at 60® to 6a°C using 
reduced pressure cautiously and finally evaporate at room temperature with a 
high vacuum pump Calculate the percentage of hexachloro epoxy octahydro di 
methanonaphthalene in the sample 

DIELDRIN-TOTAL CHLORINE METHOD 

See Chlorine (Total) p i860 and Chlorine or Bromine in Organic Com 
pounds p 1862 above 


N.N-DIETHYL m TOLUAMIDE 

The technical product Delphene contains about 85% meta isomer of diethyl 
toluamide and other isomers If alcohol is present it must be removed prior to 
infrared analysis since it absorbs strongly in the 13 /x to 15 n region 
Standard Solution —Weigh 04 g of pure diethyl m toluamide into a 10 ml vol 
umetric flask and make to volume with carbon disulfide 
Procedure — W eigh a sample containing about 0 4 g of diethyl m toluamide into 
a 125 ml Erlenmeyer flask and evaporate the alcohol at about 50°C under vacuum 
on a rotary evaporator Do not heat longer than necessary Transfer the resi< ^ 
to a 10 ml volumetric flask and make to volume with carbon disulfide A 
anhydrous sodium sulfate and shake to remove any water The solution shou 
be clear 
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Transfer to a sodium chloride cell, and scan the sample solution and the stand- 
ard solution using the following settings for the Perkin-Elmer model 21 spectro- 
photometer: 


Cell: 

Range : 
Resolution : 
Speed: 
Gain: 


0.5 mm., compensated with CS 2 
13 n to 15 jit 
960 (program) 

2 

adjusted 


Measure the absorbance of the meta isomer peak at 14.15 n, and, with the base 
point at 14.44 n, calculate the percentage of diethyl-m-toluamide. 


DIPHACINONE 

SPECTROPHOTOMETRIC METHOD FOR PRODUCTS 
CONTAINING ABOUT 0.005% DIPHACINONE 
(2-DIPHENYLACETYL-l,3-INDANDIONE) 

Reagents. Sodium Pyrophosphate, 1%.— Dissolve 5 g. of Na 4 P 2 0 7 ' IOH.,0 in 
500 ml. of water. 

Petroleum Ether, Purified.— Extract 200 ml. of peti oleum ether 3 times with 
20-ml. portions of 1% sodium pyrophosphate. 

Procedure — Weigh 20 g. of sample into a Soxhlet thimble, and extract with 
ethyl ether for 4 hr. Evaporate the extract to less than 50 ml. on the steam bath, 
transfer to a 50-ml. volumetric flask, and make to volume with ethyl ether. Pipet 
2 ml. into a glass-stoppered, 16- by 150-mm. test tube, add 10 ml. of 1% sodium 
pyrophosphate solution with a pipet, stopper, and shake vigorously for 2 min. 
Centrifuge at high speed until the aqueous layer is clear. Draw oft the ether hqer 
by means of an aspirator connected to a tube drawn out to a fine tip. Add 2 ml. 
of ether, shake vigorously, centrifuge, and draw off the ether layer. Repeat with 
a second 2 ml. of ether, and then repeat twice more with 2-ml. portions of pe- 
troleum ether, purified. 

Prepare a blank solution in the same manner using 2 ml. of ethyl ether in place 
of the 2 ml. of ether extract. 

Determine the absorbance (A) of the aqueous solution at 286 mju in a 1-cm. 
silica cuvet. 

Calculation.— 

Diphacinone. per cent = d(.0113) 

Noie.— The absorption curves for Diphacinone and Pi\al are similar, but the principal 
peak for Diphacinone is at 286 ni/i, and for Pival, at 283 ni/t. Since these peaks are rather 
stiong, a maximum at 286 m n indicates that Diphacinone rather than Pival is present, 
in the absence of strong interference. 


DISODIUM ENDOTHAL IN FORMULATIONS 

Reagents. Standard Sodium Hydroxide, 0.1 N. 

Standard Sulfuric Acid, 0.1 N. 

Procedure .— Weigh a sample containing about 0.4 g. of disodium endothal into 
a platinum dish, and neutralize carefully with 0.1 N sulfuric acid using phenol- 
pluhalein indicator. 



1870 


PESTICIDES 


Note— IF ammonium sulfate is present add I g of sodium hydroxide to the sample 
in the platinum dish and evaporate to dryness Dissolve in water, and exact! ) neutralize 
with sulfuric acid (finishing with 0 1 A 1 ), and proceed with the method 

Evaporate and ash the sample, extract with hot water, and filter through filter 
paper into a 500 ml Erlenmeyer flash, washing with water Return the filter paper 
to the platinum dish, and ash completely Dissolve the residue in water, and add 
it to the Erlenmeyer flask Add 50 ml o( standard 0 1 iV sulfuric acid, and boil 
20 min to remove carbon dioxide Cool, and titrate with standard 0 1 A r sodium 
hydroxide to the phenolphthalem end point 
Calculation.— 


Disodium endothal, per cent = 


F( 01 1507) (100) 
Ji' 


where tV =* weight of sample, and 

V = volume of 0 1 A' sulfunc acid consumed 


DIURON 

DICHLOROPHLNYL DIMETHYL COMPOUND 
See Fenuron," p 1872 below Calculate the percentage of dichlorophenyl di 
methyl urea as follows 

C1 2 CiHiNHCON(CH 3 ),, per cent 

I [(milliliters of 0 1 ;V HC1 X V) | 

_ t ~ (milliliters of 0 1 V NaOH X AQ] X 23 31 - M 
sample weight (grams) 

where A = total amines as TMA HC1 X 2 4389 


DN COMPOUNDS 8 

This method may be used for a number of insecticides and acaricides including 
dicyclohexvl ammonium 4,6 dimtro 2 cyclohexylphenate (DN 111), 2 Methy 1-4,6 dim 
trophenol (DNC), and 2 Cyclohexyl 4,6 dimtrophenol (DNOCHP) 

Reagents. Ethyl Alcohol, 95% 

Potassium Cyanide Solution —Dissolve 40 g of potassium cyanide in distilled 
water, anil dilute to 100 ml Prepare fresh daily 
Procedure —To 1 g of powdered sample m a 25 ml Erlenmeyer flash add 5 ml 
of water 2 ml of ethyl alcohol, and allow to stand at 20°C for 65 rain Add 5 ml 
of 40%. freshly prepared, potassium cyanide solution Stir a moment, filter through 
a dry, fritted glass crucible into a dry flash This is the check sample 
Simultaneously with the above procedure, treat an identical sample m an ideiiti 
cal manner except that the potassium cyanide solution is added just prior to the 
65 nun period, instead of just after it The transmittancy is determined at 540 
m ix, using the check sample to set the instrument 
A standard calibration curve is prepared from the pure DN compound using 
the exact analytical procedure as is used for the samples 

s Reproduced with permission from Analysis of Insecticides and Acaracides Inter 
science Publishers, Inc, New \orh 1955 
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ENDRIN 

See “Chlorine (Total),” p. 1860, and “Chlorine or Bromine in Organic Com- 
pounds,” p. 1862, above. 


EPN 

See “Phosphorus (Organic),” p. 1891, below. 

2-ETHYL- 1,3-HEX ANEDIOL 

Reagents. Acetylating Reagent.— One volume ACS acetic anhydride and 3 vol- 
umes reagent pyridine, preferably freshly redistilled. 

Mixed Indicator.— One part 0.1% cresol red, neutralized with NaOH, and 3 
parts 0.1% thymol blue, neutralized with NaOH. 

Standard Alcoholic Sodium Hydroxide 0.5 N .— Prepare from 50% NaOH solu- 
tion and aldehyde-free ethanol or c.p. methanol. Standardize against potassium 
acid phthalate. 

Procedure .— Weigh a sample containing about 0.7 g. of 2-ethyl-l,3-hexanediol 
into a 300-ml. iodine flask, and add 10 ml. acetylating reagent with a pipet. Run 
a blank determination in the same manner, without the sample. Stopper the flask 
and moisten the glass stopper with pyridine. Heat on the steam bath for at least 
1 hr., using the maximum heat that is practical. Cool, add 10 ml. of water by 
way of the well, and mix to bring the water in contact with all the reagent. Add 
a few drops of mixed indicator and titrate with 0.5 N alcoholic NaOH solution. 

Calculation- 


percentage 


AT(.07311)(100) NV 


W 


IV 


(7.311) 


where V = milliliters of NaOH solution for the blank, less the milliliters of NaOH solu- 
tion used for the sample, 

N — normality of the NaOH solution, and 
W = weight of sample. 


ETHYLENECHLOROBROMIDE 

See "Methyl Bromide,” p. 1883, below. 


ETHYLENE DIBROMIDE 

See “Methyl Bromide,” p. 1883. 

ETHYLENE DICHLORIDE 

See “Chloride (Total),” p. 1860, and “Chlorine or Bromine in Organic Com- 
pounds," p. 1862, above. 
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ETHYLENE OXIDE 9 

Reagents Magnesium Chloride, Saturated Solution —Add 10% sodium hydrox 
ide solution until magnesium hydroxide precipitates then filter 
Hydrochloric Acid 1 0 A Solution —Standardize before use 
Sodium Hydroxide, 1 0 A Solution —Standardize before use 
Methyl Orange Indicator, 01% Solution 

Procedure— A known \olume of the saturated neutral solution of magnesium 
chloride is pipetted into a S00 ml Erlenmeyer flask equipped with a ground glass 
stopper An ampoule containing a weighed amount of ethylene oxide is carefully 
intioduced into the flask which is then stoppered and shaken vigorously to break 
the ampoule The mixture is allowed to stand for 6 hr at room temperature The 
liberated magnesium hydroxide is determined by adding excess standard 1 0 \ 
hydrochloric acid solution and back titrating to the methyl orange end point with 
standard I 0 \ sodium hydroxide solution 
Calculate as follows 

(4 m - B m )X 4 4 . , , 

= percentage of ethylene oxide 

where A m — milliliters of 1 0 A hydrochloric acid solution 

B m ~ milliliters of 1 0 \ sodium hydroxide solution and 
It = grams of sample 

FENURON 10 

ASSAY BY BASIC HYDROLYSIS 
Reagents Standard 0 1 N Hydrochloric Acid 
Standard 0 1 N Sodium Hydroxide 
Glycerol USP or c p 

Potassium Hydroxide c p 20% Aqueous Solution 
Silicone Defoamer (Dow Corning Antifoam A Midland Mich) 

Procedure — Accurately weigh 0 7 ± 0 01 g of sample (4 0 g for ground pellets) 
and transfer quimitatnely to a clean dry reaction flask of the hydrolysis apparatus 
See Fig 39 2 

Note— A number 3 glossme ponder paper (Eli Lilly and Co) is satisfactory for \ eigh 
ing and qmntitatnely transferring the ponder sample to the reaction flask 

Add 15 ml of methyl alcohol and swirl to completely disperse the sample 
warming gently if necessary 

Add 100 ml of glycerol seseral drops (6 to 8) of silicone defoamer I or 
boiling chips and 100 ml of 20% potassium hydroxide solution 

Note— F or giound pellets it may be necessary to use up to 5 ml of defoamer in order 
to control the excessne tendency to foam 

» Reproduced with permission from \nal\sis of Insecticides and Acaracides Interscience 
Publishers Inc New \ork I9aa American 

1* furnished by the Methods Clearing House Committee of the Association or 
Pesticide Control Officials Inc 
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Immediately attach the reaction flask to the assembled hydrolysis apparatus, 
having first added 50 ml. of 0.1 N hydrochloric acid, accurately measured from a 
buret, and a like volume of methanol to the absorption trap. 

With cooling water flowing through each condenser, independently, heat the 
contents of the reaction flask to boiling by means of the heating mantle, and main- 
tain reflux conditions for a period of 
hr., or until the solution clears. 

Remove cooling water from condenser 
A to start distillation, and continue the 
hydrolysis and distillation until the pot 
temperature reaches 175°C. Adjust the 
heating rate so that this temperature is 
attained and distillation is completed in 
]]A to 2,V> hr. Then turn cooling water 
into condenser A, and turn off the 
power. Caution— It is essential that 
the joint between the 2 condensers be 
broken immediately when the heater is 
shut off and the cooling water is admit- 
ted to condenser A; any suck-back into 
the reaction flask would result in a vio- 
lent eruption. 

Rinse condenser B and the connect- 
ing tube with methanol, followed by 
distilled water, adding the rinsings to 
the beaker trap. 

Titrate the contents of the beaker 
with 0.1 N sodium hydroxide solution, 
using a pH meter with glass-calomel electrode system, and determine the end point 
by differential method, corresponding to the milliliters required coinciding with 
the second derivative equal to zero. Record the titration to the nearest 0.01 ml. 

Note— For loutine analysis, tittate the contents of the beaker tiap using a Beckman 
Model K automatic titrator, with anticipation switch at 5 and delivery tip in position A 
(see manufacturer’s instruction bulletin). Titrate to a pH setting of 6.8, and the diffet- 
ential technique needs to be used onl) for occasional checking purposes or for the most 
accurate determinations. 

Calculate the percentage of phenyl dimethylurea by the following formula: 
C6H5NHCON(CH3)2, per cent 

= [(Mis 0.1 N HC1 X N) - (Mis 0.1 WNaOH X N)] X 16.42 - A 
sample weight (grams) 

where A = total amines as DMA HC1 X 2.014. 

FERBAM 11 

Apparatus. Hydrolysis Apparatus and Absorption Train.— See Fig. 39-3. 

Reagents. Alcoholic Potassium Hydroxide.— Prepare by adding 112 g. of reagent 

li ruinished b) the Methods Clearing House Committee of the Association of American 
Pesticide Control Officials, Inc. 



Condenser 

B 


Fig. 39-2. Apparatus for Basic Hydrolysis. 
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grade potassium hydroxide pellets to 1 liter of anhydrous methanol Use a meth 
anol grade meeting the following specifications methanol 99 8a% minimum 
acetone 0 003% maximum acetic acid 0 003% maximum 
Standard 0 1 A Iodine Solution 
Lead Acetate Solution 10% 

Acetic Acid 30% Solution 
Starch Indicator Solution 
Phenolphthalein Indicator Solution 



Tic 39 3 Distillation Apparatus for Dithiocarbamale Distillation 


Versene Liquid —A 34% solution of the tctrasodium salt of ethylenedianune 
tetraacetic acid 

Procedure —Using a graduated cylinder add 10 ml of 10% lead acetate solution 
to the first absorption tower and 2a ml or alcoholic potassium hydroxide solution 
to the second tower It is essential that the second tower be perfectly clean and 
dry before the alcoholic potassium hydroxide is added The use of acetone or 
anhvdrous methanol as drying agents is recommended 

Thoroughly clean and dry the dropping funnel and reaction flask and assein 
the absorption train according to Fig 39 3 insuring against leaks by the appbca 
lion of lubricant to each joint 

Accurately weigh a sample of 06 to 07 g and transfer quantitatively to e 
dry reaction flask then add 10 ml of \ersene liquid and swirl the contents o 
the flask for 15 to 20 sec or until the ferbam is completely dispersed There is * 
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slow decomposition of the ferbam in the alkaline “Versene” so there should be 
a minimum delay between the additions of "Versene” and the hot digestion acid. 
However, the sample should be completely dispersed in the “Versene” before pro- 
ceeding. 

Attach the reaction flask, and insert the dry dropping funnel, positioning it so 
that the bent delivery tube is pointing downward. Adjust the vacuum so that a 
rapid stream of bubbles is drawn through the metering water trap. 

Add 50 ml. of nearly boiling distilled water, followed immediately with 50 ml. 
of nearly boiling 9 N (1 + 3) sulfuric acid. The initial reaction may be quite 
rapid and the acid should be added slowly to avoid any “back-up” ol evolved 
carbon disulfide into the dropping funnel. It may be necessary to increase the 
vacuum somewhat at this point. If at any time there is the slightest evidence ol 
carbon disulfide “back-up" into die dropping funnel, it is necessary to discard the 
determination entirely and start anew. 

After all the acid has been added, allow the stopcock of the dropping funnel 
to remain open long enough for a few bubbles of air to be drawn up through the 
contents of the flask for mixing, then adjust the stopcock to a partially opened 
position, place the preheated mantle heater under the flask, and bring the reaction 
mixture to a boil. 

Cautiously adjust the vacuum to reduce the bubble rate to about 3 bubbles per 
sec., and continue refluxing, maintaining the reaction mixture at reflux tempera- 
ture for 90 min., during which time the bubble rate is maintained at about 3 
bubbles per sec. Adjust the dropping funnel stopcock as necessary to maintain 
proper pressure relationships throughout the train, and to provide an air sweep 
to transport die evolved gases. 

At the completion of the digestion period, disassemble the absorption train and 
wipe the joints of the second (alcoholic potassium hydroxide) trap clean with tissue. 
Caution .— Do not remove the heat from the reaction flask until the absorption 
train has been disconnected, in order to prevent suck-back of solutions in the 
absorption towers. 

Quantitatively transfer the contents of the second tower to a 500-ml. Erlenmeyer 
flask, using 200 ml. of distilled water in approximately 8 equal portions. After 
adding each portion of rinse water, the packed tower should be tipped and agi- 
tated repeatedly in order to insure adequate washing of the bead surfaces. The 
tip of the tower, through which the contents are poured, should always be main- 
tained in the mouth of the Erlenmeyer flask to avoid losses of the xanthate solu- 
tion during transfer. 

Add one drop of phenolphthalein indicator to the xanthate solution contained 
in the 500-ml. flask, and carefully neutralize the excess potassium hydroxide by 
the addition of 30% acetic acid solution, added from a buret. Caution .— Do not 
add excess acid at this point because the potassium methyl xanthate is unstable in 
a strongly acid medium. 

Immediately titrate the neutralized xanthate solution with standard 0.1 N iodine 
solution, adding the solution rapidly until tire end point is approached (as evi- 
denced by the slow disappearance of the brown color). Add a 5-ml. portion of 
starch indicator solution, measured from a graduate, to the solution, and titrate 
to the usual blue starch-iodine end point. The equivalence point is taken at the 
point where the blue coloration of the end point persists for at least 15 sec. Tire 
entire titration should be completed in 2 min. or less. 
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Determine the standard 0 1 A iodine solution blank by titrating the alcoholic 
potassium hydroxide water phenolphthalein and acetic acid solution mixtures in 
the same proportion as added m the procedure 

Calculate the percentage of ferbam by the following formula 

, (A - B) X TV X 13 8835 

Ferbam per cent : : — r— 

sample weight (grams) 

where A — milliliters of 0 1 AT iodine in the determination titration 
B = milliliters of 0 1 TV iodine in the blank titration and 
N — normality of 0 1 A iodine 

Note 1 Studies have indicated that the length of nine necessary to obtain complete 
decomposition of the sample is probably considerably less than IK hr \ period hr 
has been used lo dale however and it i« recommended that the time be maintained at 
tins period since tl e accmacy and reproducibility cited is obtainable under these 
conditions 

NOTE— 2 The 01 \ iodine solution should be standardized frequently against National 
Ihueau of Standards arsemous o\ide Store the solution in a dark bottle 

FLUORINE 1 


LEAD CHLOROFLUORIDE METHOD 

Reagents Fusion Mixture— Mix anhydrous sodium carbonate and potassium 
carbonate in equi molecular proportion 

Lead Chlorofluoride Wash Solution —Dissolve 10 g of lead nitrate in 200 ml 
of water dissolve 1 g of sodium fluoride in 100 ml of water and add 2 ml of 
hydrochloric acid mix these 2 solutions Allowr precipitate to settle and decant 
supernatant liquid Wash 4 or 5 times with 200 ml of water by decantation and 
then add about 1 liter of cold water to the precipitate and allow to stand 1 hr 
or longer with occasional stirring Pour through a filter and use the clear filtrate 
By adding more water to the precipitate of lead chlorofluoride and stirring more 
wash solution may be prepared as needed 
Standard Silver Nitrate Solution 02 A —Standardize by titration against pure 
sodium chloride using potassium chromate indicator 

Standard Potassium or Ammonium Thiocyanate Solution 01 N —Standardize 
by comparing with the standard solution of silver nitrate under the same conai 
tions that are pertinent in the determination 
Ferric Indicator —Add to cold saturated water solution of ferric alum (free from 


Cl) sufficient colorless nitric acid to bleach the brown color 

Bromophenol Blue Indicator —Grind 0 1 g of the ponder with 1 5 ml of 0 1 IV 
sodium hydroxide and dilute to 2o ml 

Procedure —Mix 0 5 g (or less if necessary to make content of fluorine fall be 
tween 0 01 and 0 1 g) of sample (dried at 105°C) with 6 g of fusion mixture and 
0 2 to 0 3 g of powdered silica and heat to fusion over a Bunsen burner (Use of 
blast lamp is not required as n is necessary only that the mass be fluid and it is 
preferable not to heat much beyond the temperature at which it melts If much 
aluminum is present a uniform clear liquid melt cannot be obtained There 


12 Reproduced with peinussion from. Official Methods of Analysis Association of Official 
Agricultural Chemists Inc Washington D C 
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will be particles o£ a white solid separated in the liquid. The melt, after cooling, 
should be colorless, or, at least, should not have more titan a gray color.) Leach 
cooled melt with hot water, and filter when disintegration is complete. Return 
the insoluble residue to a platinum dish by the use of a jet of water, add 1 g. of 
sodium carbonate, make the volume 30 to 50 ml., boil for a few minutes, disinte- 
grating any lumps with a glass rod flattened on the end, filter through the same 
paper, wash thoroughly with hot water, and adjust the volume of filtrate and 
washings to approximately 200 ml. Add 1 g. of zinc oxide dissolved in 20 ml. of 
nitric acid (1 + 9), boil 1 min. with constant stirring, filter, and wash thoroughly 
with hot water. During this washing return the gelatinous mass to the beaker once 
or twice, and thoroughly disintegrate it in the wash solution, because it is difficult 
to wash this precipitate on the filter. (The mass can easily be returned to the 
beaker by rotating the funnel above the beaker, and at the same time cutting the 
precipitate loose from the paper with a jet of wash solution.) 

Add 2 drops of bromophenol blue, and then nitric acid nearly to neutrality, 
leaving solution slightly alkaline. Boil solution gently with the cover glass on the 
beaker, to expel carbon dioxide. Finally add nitric acid (1 + 4) until color just 
changes to yellow. Remove from burners, add dilute sodium hydroxide until the 
color just changes to blue, and add 3 ml. of 10% sodium chloride solution. The 
\olume of the solution at this point should be 250 ml. 

Add 2 ml. of hydrochloric acid (1 + 1) and 5 g. of lead nitrate, and heat on a 
steam bath. As soon as the lead nitrate is in solution, add 5 g. of sodium acetate, 
stir vigorously, and digest on a steam bath 30 min. with occasional stirring. Allow 
to stand overnight at room temperature. Decant the solution through a paper of 
close texture; wash precipitate, beaker, and paper once with cold water, then 4 or 5 
times with a cool saturated solution of lead chlorofluoride, and then once more 
with cold water. 

Transfer the precipitate and paper to the beaker in which precipitation was 
made, stir the paper to a pulp, add 100 ml. of nitric acid (5 + 95), and heat on 
a steam bath until the precipitate is dissolved (5 min. is ample to dissolve this pre- 
cipitate. If sample contains an appreciable quantity of sulfates the precipitate 
will contain lead sulfate, which will not dissolve. In such a case, heat 5 to 10 
min. with stirring, and consider the lead chlorofluoride to be dissolved). Add a 
slight excess of 0.2 N silver nitrate solution, digest on a steam bath for 30 min., 
cool to room temperature while protected from light, filter, wash with cold water, 
and determine silver nitrate in the filtrate by titration with the standard thio- 
cyanate solution, using 5 ml. of the ferric indicator. Subtract the quantity of 
silver nitrate found in the filtrate from that originally added. The difference will 
be that required to combine with the chlorine in the lead chlorofluoride, and from 
this difference, calculate the percentage of fluorine in the sample on the basis that 
1 ml. of 0.2 N silver nitrate = 0.00380 g. of fluorine. 

Note.— This method gives accurate results for quantities of fluorine between 0.01 and 
0.10 g. Below 0.01 g„ the tesults have a tendency to be slightly low, and above 0.1, 
slightl) high. Satisfactory results are obtained in the ptesence of boron and aluminum. 
This method should be used for all samples of fluorides that contain kaolin or Fuller’s 
earth as a filler. 

If the sample contains appreciable quantity of sulfur, it should be removed with carbon 
disulfide and fluorine, determined on air-dry residue, allowance being made in calculations 
for the percentage of sulfur iemo\cd. 
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FLUORINE PRESENT AS SODIUM FLUOSILICATE 

Reagents Alcoholic Potassium Chloride Solution — Dissohe 60 g of potassiun 
chloride in 100 ml of water add 400 ml of alcohol and test with phenolphthalein 
It solution is not neutral adjust to exact neutralm by the addition of sodtun 
hydroxide or hydrochloric acid solution 

Alcoholic Potassium Chloride and Sodium Carbonate Solution —Dissohe 1 g o 
sodium carbonate in 100 ml of the alcoholic potassium chloride solution 

Standard Sodium Hydroxide Solution —Approximately 2 A prepared m 
manner to assure absence of carbon ite and standardized 

Procedure — eigh a 1 g sample into a platinum dish and idd rapidly witl 
continuous stirring oO ml of the alcoholic pot issium chloride sodium carbonati 
solution Do not allow the solution to become acid and if necessary use a largei 
qumtitv of the reagent to insure alkalinity Continue stirring until all soluble 
portions of the sample hate dissolved I liter through a Gooch crucible containin 
a disc of filter paper cohered with a medium pad of asbestos Wash the precipitate 
with the alcoholic potassium chloride solution until 1 washing does not destroy 
the color made by 1 drop of 02 A sodium hydroxide and phenolphthalein (3 to *1 
w tshings are usually sufficient) Transfer the crucible and contents to a 400 ml 
betker add 100 ml of recently boiled water and 1 io 2 ml of 1 % phenolphthalein 
solution heat and titrate with the standard sodium hydroxide Finish titrating 
with the Huonde solution actively boding Calculate the percentage of sodium 
fluosdicate on the basis tint each milliliter of 0 2 \ sodium hydroxide is equal to 

0 009403 g of sodium fluosdicate 

FORMALDEHIDE (IN SOLUTIONS) » 

Reagents Sulfuric Acid —Normal Prepare and st intlardizc l>y approved pro- 
cedure 

Sodium Hydroxide Solution —Normal Standardize against sulfuric acid us ng 
litmus or bromothymol blue indicator 1 ml is equal to 30 03 mg of formaldehyde 

Hydrogen Peroxide Solution —Commercial containing ibout 3% H O If cid 
neutralize with the sodium hydroxide solution using litmus or bromothymol blue 
indicator 

Litmus Indicator— A solution of purified litmus of such concentration tint 3 
drops will impart a distinct blue color to 50 ml of water 

BxriTOAiijxmnl. Ubut LtmJj/i’Ww: — O-iswib/i. V. < b erf. hj.r.mnjhtmni. blue. in. alW ml of 
alcohol •>()% by volume 

Procedure —Measure o0 ml of the sodium hydroxide solution into a lOO-ml 

1 rlcnmever (Usk anti add 5b ml of the hydrogen peroxide \dd a weighed quin 
tity of sample (about 3 g) allowing the point of the weighing pipet to read* 
nearlv to the liquid in the flask Place a funnel in the neck of the flask and he t 
on i steam bath for 5 mm shaking occasionally Remove from the steam Iwt 
wash the funnel with water cool the flask to room temperature and titrate t e 
excess sodium hydroxide with normal acid using the bromothymol blue or litmus 
indicator (It is necessary to cool the flask before titration to obtain a sharp cn 

i* Reproduced with permission from Official Methods of Analysis Association of OfTcial 
\gncultural Chemists Washington D C 
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point with litmus.) From the quantity of normal sodium hydroxide used, calcu- 
late the percentage of formaldehyde according to the following equation: 

NaOH + HCHO + H 2 0 2 = HCOONa + 2H 2 0 

If the formaldehyde solution contains appreciable free acid, titrate a separate 
portion and make correction for this acidity. 

FUMARIN 

3-(Alpha-acetonylfuriuryl)-4-hydroxycoumarin) 

SPECTROPHOTOMETRIC METHOD FOR PRODUCTS 
CONTAINING ABOUT 0.5% FUMARIN IN CORNSTARCH 
Reagents. Sodium Pyrophosjrhate Solution, 1%.— Dissolve 5 g. Na 4 P.,0 7 - 10H 2 O 
in 500 ml. of water. 

Petroleum Ether, Purified.— Extract 200 ml. of petroleum ether 3 times with 
20-ml. portions of 1% sodium pyrophosphate solution. 

Procedure .— Weigh a 0.6-g. sample into a 125-ml., glass-stoppered flask, and add 
50 ml. of ethyl ether with a pipet. Shake on a shaking machine for at least 30 min. 
Centrifuge, if necessary, to clarify the solution. Pipet 2 ml. into a glass-stoppered, 
16- by 150-mm. test tube, add 10 ml. of 1% sodium pyrophosphate solution with a 
pipet, stopper, and shake vigorously for 2 min. Centrifuge at high speed until 
the aqueous layer is clear. Draw off the ether layer, including any emulsion that 
remains, by means of an aspirator connected to a tube drawn out to a fine tip. 
Add 2 ml. of ether, shake vigorously, centrifuge, and draw off the ether layer. 
Repeat using 2 ml. of petroleum ether (purified). 

Prepare a blank solution in the same manner, using 2 ml. of ethyl ether in place 
of the extract. 

Add a sufficient quantity (about 3 ml.) to a 1-cm. silica cuvet, and determine 
the absorbance at 305 m/r. 

Calculation.— 


Fumarin, per cent = absorbance X 0.896 

Non— The spectrophotometric curves for fumarin and warfarin are very similar, but 
warfaiin has a peak at 308 ni/t, and fumarin has a peak at 305 m fi. In products such as 
0.5% concentrates in cornstarch, which does not interfere, fumarin and warfarin may be 
distinguished by determining the waselength of the absorption peak. 


GENITE 

See "Chlorine (Total),” p. 1860, and “Chlorine or Bromine in Organic Com- 
pounds,” p. 1862, above. 


GUTHION 

See “Phosphorus (Organic),” p. 1891, below. 
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HEPTACHLOR IN TECHNICAL HEPTACHLOR 
AND FORMULATIONS 

Reagents. Standard Silver Nitrate Solution (0 1 IV).— Dissolve 17 g of silver 
nitrate in 125 ml of distilled water and 25 ml of concentrated nitric acid, and 
dilute to 1 liter with glacial acetic acid Standardize against the sodium chloride 
solution using the titration given m the procedure 

Standard Sodium Chloride Solution (0 1 N ). — Dissoh e 5 845 g of pure sodium 
chloride in 1 liter of water 

Procedure —Weigh a sample, containing between 200 and 350 mg of lieptachlor 
into a 250 ml , standard taper Erlenmeyer flask Add 25 to 50 ml of glacial acetic 
acid and warm gentl). if necessary, to dissolve the heptachlor Add 25 ml of the 
standard silver nitrate solution with a pipet, and reflux for 45 min 
Cool and quantitatively wash the contents of the flask into a 400 ml beaker 
using 80% acetic acid and adjust the volume to about 300 ml Titrate the excess 
AgN0 3 with the standard sodium chloride solution potentiometrically, using a 
silver electrode, a glass electrode, and a magnetic stirrer 
Using the Fisher titnmeter set the potential at 0 50 at the start The end point 
is at about 0 27 and the change m potential is very sharp 
Calculation —The volume or sodium chloride solution corresponding to the 
sample is the volume equivalent to 25 ml of standard silver nitrate solution minus 
the titration Calculate the percentage of heptachlor as 1 ml 0 1 N NaCl = 
0 03733 g heptachlor 


LIGNASAN 

See ‘ Ceresan and Lignasan," p 1859, above 

LINDANE 

See ‘ Benzene Hexachloride, ' p 1856, above 

MALATHION « 

1 he method is applicable to dusts, dust base concentrates, and wettable powders, 
where malatluon is the only active ingredient Other extractable organic materials, 
such as dispersing agents, emulsifiers, and solvents, may interfere, and should be 
tested for interference Sulfur does not interfere 

Apparatus Infrared Spectrophotometer —This should be capable of making 
measurements in the 11 to 13 fi range Use a 05 mm cell for 4 to 10% dusts, and 
a 0 1 mm cell for 25 to 50% products 

Reagents. Mala th ion Standard Solution.— Accurately weigh 0 2 to 0 25 g o 
purified malathion (for 4 to 10% dusts), or 1 2 to 1 25 g (lor 25 to 50% dust base 
concentrates and wettable powder) into a 2oz bottle fitted with a screw cap wit 
vinylne liner Add from a pipet or buret 25 ml of acetonitrile, and shake we 

Acetonitrile.— Essentially transparent to 11 to 13 n region 

Procedure —Accurately weigh a 5 g sample (for 4 to 5% dust or 25% dust ase 

Repioduced with permission from Official Methods of Anal) sis. Association of Official 
Agucultural Chemists, Inc, Washington, D C 
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concentrate or wettable powder), or 2.5 g. (for 10% dust or 50% dust base concen- 
trate). Transfer quantitatively to a 2-oz., wide-mouth bottle fitted with screw cap 
with vinylite liner. Add from a pipet or buret 25 ml. of acetonitrile, and shake 
well about 2 min. Filter through Whatman No. 12 folded paper into a glass- 
stoppered flask, and stopper. 

Fill a suitable cell, using a hypodermic syringe, with the appropriate standard 
solution, and obtain infiared spectrum from 11.0 to 13.0 fi. Using the same instru- 
ment settings, scan the sample solutions in the same manner. 

Measure distances Y and X for both sample and standard, where X is the dis- 
tance from the zero line to the peak at 12.2 ju, and Y is the distance from the zero 
line to the base line at an 11.45 n valley. Calculate absorbance, A, of each solution 
as follows: absorbance = log ( Y/X ). 


Malathion, per cent 


/ ^sample \ / weight of standard 
N-dstnnd.ird/ \ weight of sample 


X percentage of purity of standard 


See "Phosphorus (Organic),” p. 1891, below. 


MANEB 12 

(“Manzate” Maneb Fungicide) 

The method given for Ferbam may be used for Maneb, the only difference being 
in the factor used in calculation. Calculate the percentage of manganese ethylene 
bis-dithiocarbamate as follows: 


Maneb, per cent = 


(A — B) X iVX 13.265 
sample weight (grams) 


where A = milliliters of 0.1 N iodine in determination titration, 
B — milliliters of 0.1 N iodine in blank titration, and 
N = normality of 0.1 N iodine. 


MERCURY 

DETERMINATION IN PANOGEN 15 AND PANOGEN 42 

Reagents. Solid Potassium Nitrate. 

Hydrogen Peroxide, 3%. 

Potassium Permanganate, 0.3 N. 

Potassium Thiocyanate, 0.05 N. 

Ferric Alum Indicator.-Dissolve 35 g. of ferric alum in 100 ml. of distilled water 
and 20 ml. of 6 N nitric acid. 

Procedures.— Weigh out samples of the Panogen from a small weighing bottle 
into 500-ml. Erlenmeyer flasks, covering the flask after addition of the Panogen. 
(Use about 0.5 g. for Panogen 15 and 0.25 g. for Panogen 42.) To the flask con- 
taining the Panogen, add 15 ml. of concentrated nitric acid, 10 ml. of concentrated 
sulfuric acid, and solid potassium nitrate (3 to 4 g. for Panogen 15 and about 

is Furnished by the Methods Clearing House Committee of the Association of American 
Pesticide Control Officials, Inc. 
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10 g for Panogen 42) Add a few boiling beads and heat over a full flame If th 
material darkens, add a small amount of solid potassium nitrate and continue heal 
mg If the liquid darkens again, add solid potassium nitrate m small amouni 
until the boiling mixture is colorless or pale yellow Continue boiling to th' 
appearance of dense white fumes Allow to cool, and then dilute (cautiously) wnl 
about 50 ml of distilled water 

Again heat to boiling add 0 3 N potassium permanganate solution dropvwsi 
until a violet color persists and continue boiling for several minutes Cool atu 
add dropvuse 3% hydrogen peroxide until the solution becomes colorless Usual!' 
only 1 drop of the peroxide is needed Now add about 3 ml of ferric alum mdi 
cator and titrate with 0 05 N potassium thiocyanate solution to the appearance o 
a distinct brown tint 

Calculation — 


Mercury, per cent = 


milliliters of KSCN X normality of KSCN X 10 03 
sample weight 


Methylmercury dicendtarmde per cent 

_ milliliters of KSCN X normality of KSCN X 14 9* 
sample weight 


MERCURY 


DETERMINATION OF VERY SMALL QUANTITIES 
IN MIXTURE WITH ORGANIC MATERIAL 
Reagents Fuming Sulfuric Acid (20%) 

Fuming Nitric Acid 

Saturated Potassium Permanganate 

Hydroxylamine Hydrochloride Solution, 20 g per 100 ml 
Dithizone Solution— Dissolve 13 0 mg of diphenylthiocarhazone m 500 ml of 
carbon tetrachloride let stand ] day tn the dark filter and store in the dark 
1 ml should be equivalent to 0 01 to 0 005 nig of mercury 
Mercury Standard Solution —Dissolve 500 mg of mercury m nitric acid dilute 
to 500 ml Take 10 ml of this solution and 10 ml of nitric acid, and make up to 
1 liter, I ml of solution is equivalent to 0 0100 mg of mercury 
Procedure Transfer a sample, containing about 1 mg of mercury, to a 25&ml 
Erlenmeyer flask with a 24/40 interchangeable joint, add 10 ml of sulfuric acid 
and mix Connect to a water cooled, reflux condenser and add 20 ml of fuming 
sulfuric acid and a small quantity of fuming nitric acid Heat gently, adding more 
fuming nitric acid if necessary until the sample is decomposed (no longer chan) 
3nd in absence of chlorides heat for 15 mm more In the presence of chlorides 
continue the heating for 2 hr Slowly add IQQ ml of water through the condenser 
while cooling the flask Transfer to a beaker, dilute to 200 ml , and boil 1 mm 
to remove most of the nitrous oxide Add a saturated solution of potassium per 
manganate to about a 4 ml excess and cool to room temperature Remove tue 
excess with hydroxylamine hydrochloride solution Filter if necessary, and 
up to a 250 ml volume , 

Transfer 20 or 50 ml to a 250 ml separatory funnel, and dilute to 100 ml A 
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5 ml. of hydroxylamine hydrochloride solution, shake, let stand a few minutes, 
and add 0.5 to 1.0 g. of c.p. sodium chloride. 

Titration.— Add 2 to 3 ml. of dithizone solution, and shake until the carbon 
tetrachloride layer is bright orange (about 20 shakes). Allow to separate, draw off 
the lower layer, and discard. Continue adding smaller amounts of dithizone solu- 
tion toward the end. If the end point is overstepped (green or brownish yellow 
color), add a known quantity of the mercury standard solution, and continue the 
titration. The end point is reached when 0.1 ml. of dithizone solution gives a 
green color that remains after 60 shakes. 

Standardize the dithizone solution by titrating against 10 ml. of the mercury 
standard solution, which is equivalent to 0.10 mg. of mercury. The 10 ml. of the 
mercury standard solution is transferred to a 250-ml. separatory funnel, diluted to 
100 ml., and the hydroxylamine hydrochloride and sodium chloride are added as 
directed in the procedure. 

Run a blank using all the reagents specified in the method, deduct it from the 
titration obtained with the aliquot, and calculate the percentage of mercury in the 
sample. 

Note.— The quantities of acids used may be reduced, or another method may be used 
if only a small quantity of organic matter is piesent. The normality of the solution to 
be titrated should be less than 1.0 A' in acid. 

The solution titrated should contain about 0.1 to 0.2 mg. of mercury. 

METHOXYCHLOR 

See “Chlorine (Total),” p. I860, and “Chlorine and Bromine in Organic Com- 
pounds,” p. 1862, above. 


METHYL BROMIDE 

Reagents. Sodium Acid Phosphate. 

Hypochlorite Solution, 1 N in 0.1 N Sodium Hydroxide Solution. 

Sodium Formate, 50% Solution. 

Sodium Molybdate, 1% Solution. 

Potassium Iodide, 

Sulfuric Acid, 6 N Solution. 

Sodium Thiosulfate, 0.1 N Solution.— Stabilize with 1 g. of sodium carbonate 
per 1000 ml. Standardize against 0.1 N potassium iodide solution in the presence 
of 75 ml. of water, 10 ml. of 6 N sulfuric acid solution, and 0.5 g. of potassium 
iodide per aliquot of thiosulfate solution being titrated. 

Starch Indicator, 1% Solution. 

Procedure— Follow the sodium-isopropanol reduction procedure for "Chloride 
( Total), ” p. 1860, to the point where peroxide has been added and the solution has 
been boiled. Cool the solution, and make slightly acid with 6 N hydrochloric acid, 
then neutralize with dilute sodium hydroxide solution, adjusting to the color 
change of methyl red. Adjust the volume at this point to about 150 ml. 

About 2 g. of sodium acid phosphate and 5 ml. of hypochlorite solution are now 
added, and the mixture is heated to boiling. After a minute or so, 5 ml. of the 
sodium formate solution are introduced, and boiling is continued for 2 min. The 
sample is cooled and treated with a few drops of 1 % sodium molybdate solution. 
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0 5 g of potassium iodide and 25 ml of 6 N sulfuric acid solution Titration 
should be made immediatel) with standard 0 1 A sodium thiosulfate solution 
adding starch indicator just before the end point \ blank on all the reagents 
should be earned through the entire procedure 
Calculate as follows 


( T « - 7t) X 1 583 
U 


— percentage of methyl bromide 


where T, = milliliters of 0 1 A sodium thiosulfate used for sample, 

T b = milliners of 0 1 A sodium thiosulfate used for blank, and 
If =• grams of sample 


METHYL PARATHION 

See Parathion or Methyl Parathion p 1890 below 


MONURON 

CHLOROPHENYL DIME! HYL COMPOUND 

See Fenuron p 1872 above Calculate the percentage of chlorophenyl di 
methjlurea as follows 

C1C 6 H4NHCON(CH s ) 2 , per cent 

1 [(milliliters of 0 1 A HC1 X A) I 

1 - (milliliters of 0 1 A NaOH X A) 1 X 19 865 - A\ 

sample weight (grams) 

where A — percentage of total amines as TMA HC1 X 2 0785 


NABAM 16 


( Parzate Soda Salt Solution) 

The method given for Ferbam may be used for Nabam the only difference being 
in the factor used in calculation Calculate the percentage of sodium ethjlene bis- 
duhiocarbamate as follows 


Na 2 EBD 


(A - B) X A X 12 818 
sample weight (grams) 


where A = milliliters of 0 1 A iodine in determination titration, 
B = milliliters of 0 1 A iodine in blank titration, and 
A =* normality of 0 1 A iodine 


NEBURON 17 

Apparatus Distillation Apparatus— As shown in Fig 39-4 
Reagents Sulfuric Acid, Concentrated 

is Turmshed b) the Methods Clearing House Committee of the Association of American 
Pesticide Control Officials Inc , 

i T urnished bv the Methods Clearing House Committee of the Association of Amer 
Pesticide Control Officials Inc 
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Hydrochloric Acid, 0.1 N. 

Sodium Hydroxide, 0.1 N. 

Antifoam A Emulsion (Dow Corning). 

Procedure.— A large sample of the urea to be analyzed is finely ground in a 
mortar, and a subsample is taken for determination. A 4.0 g. sample of the formu- 
lation is accurately weighed and trans- 
ferred to a test tube. The sample is 
washed into the bottom of the tube with 
20 ml. of concentrated sulfuric acid. The 
test tube is then placed in an oil bath at 
170°C. for 5 min., after which it is re- 
moved and allowed to cool to room tem- 
perature. The contents of the tube are 
transferred to the 500-ml., round bottom 
flask of the distilling apparatus, using 100 
ml. of distilled water. A few boiling 
chips are added along with 1 ml. of anti- 
foam, and the apparatus is assembled. 

A trap containing standard 0.1 N hy- 
drochloric acid is placed in position, 
with the deliver)' tube just below the sur- 
face of the acid, and 100 ml. of 30% so- 
dium hydroxide are then added through 
the funnel. Heat is applied, and the 
solution is brought to a rapid boil. 

When 180 ml. of the distillate have 
been taken over, the heat is removed, 
and the condenser and deliver)- tube are rinsed down with distilled water. 

The contents of the trap are titrated to a potentiometric end point with 0.1 N 
NaOH, using a Beckman Model K automatic titrator, with anticipation switch at 
5 and the deliver)- tip in position A (see manufacturer’s instruction bulletin). 

Calculation.— 

Neburon, per cent 

= [(milliliters of acid X N) — (milliliters of NaOH X AQ] X 27.5178 — A 

sample weight 

where A = percentage of total amines as methyl n-butyl amine hydrochloride X 2.2259. 



NICOTINE 18 

Reagent. Silicotungstic Acid Solution.-Dissolve 120 g. of silicotungstic acid 
(4I-CO • SiCX • 1 2WO s ■ 22HoO) in water, and dilute to 1 liter. The acid should be 
white or pale yellow crystals, free from green color, and the solution should be free 
from cloudiness and green color. Do not use any of the several other silicotungstic 
acids. ' 6 


i- Reproduced with permission from “Official Methods of 
(icial Agricultural Chemists. Inc., Washington, D. C. 


Anahsis,” Association of Of- 
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Procedure —Weigh a quantity of the sample that will contain preferably 0 1 to 
I 0 g of nicotine If the sample contains ter) little nicotine do not increase the 
quantity to a point where it interferes with the distillation IV ish into a 500 ml 
kjeldahl flash with water and if necessarj add a little paraffin to prevent both 
ing and a few small pieces of pumice to prevent bumping Add 10 g of sodium 
chloride and 10 ml of sodium hydroxide solution (30% by weight) and close flask 
with a rubber stopper through which passes the stem of a trap bulb and an inlet 
tube for steam Connect the trap bulb to a well cooled condenser the lower end 
of which dips below the surface of 10 ml of hydrochloric acid (1 -f 4) in a suitable 
receiving flash Steam distil rapidly When the distillation is well under way heat 
the flask to reduce the volume of liquid as far as practicable without bumping or 
undue separation of insoluble matter Distil until a few milliliters of distillate 
show no cloud or opalescence when treated with a drop of the silicotungstic acid 
solution and a drop of hydrochloric acid (1 -(-4) Confirm the alkalinity of the 
residue in the distilling flask with phenolphthalein indicator Make the distillate 
which may amount to 1000 to loOO ml to convenient volume (The solution may 
be concentrated on a steam bath without loss of nicotine) Mix well and pass 
through a dry filter if not clear Test the distillate with methyl orange to confirm 
acidity Pipet an aliquot containing about 0 1 g of nicotine into a beaker (If 
samples contain very small quantities of nicotine an aliquot containing as little 
as 0 01 g of nicotine may be used) To each 100 ml of solution add 3 ml of 
hydrochloric acid (1 + 4) and 1 ml of silicotungstic acid solution for each 0 01 g ol 
nicotine supposed to be present Sur thoroughly and let stand overnight at room 
temperature Before filtering stir the precipitate to see that it settles quickly and 
is in crystalline form Filter on either ashless paper or a Gooch crucible and 
wash with hydrochloric acid (1 -f 1000) at room temperature Continue washug 
for 2 or 3 fillings of filter after no more opalescence appears when a few milliliters 
of fresh filtrate are tested with a few drops of nicotine distillate In the case of 
paper transfer paper and precipitate to a weighed platinum crucible dry care- 
fully and ignite until all carbon is destroyed Finally heat over a Meker burner 
no more than 10 mm The weight of residue multiplied by 0 1141 equals the 
weight of nicotine present in the aliquot In the case of the Gooch crucible dry 
in an oven for 3 hr at 105°C and weigh Weight of residue times 0 1012 equals 
the weight of nicotine present in the aliquot 

ORGANIC THIOCYANATES 

This procedure determines organic thiocyanates by determining their nitrogen 
content using the Kjeldahl method The method is applicable to Lethane 384 
Lethane 60 Lethane 384 Special and Thanite 

Reagents Sulfuric Acid 0 10 \ 

Sodium Hydroxide, 0 10 A 

Sodium Hydroxide Solution —This consists of 450 g of commercial NaOH free 
from nitrates in 1 liter of water 

Sulfide Solution —This consists of 40 g of sodium or potassium sulfide in 1 liter 
of water . 

Procedure — Weigh 4 to 5 g of the sample and transfer to an 800ml Kjel n 
flash. Add 15 to 18 g of anhydrous potassium or sodium sulfate 0 7 g of mercuric 
oxide and 35 ml of concentrated sulfuric acid Let stand for 15 min with occa 



PESTICIDES 


1887 


sional shaking, then apply heat, gently at first, but gradually raising the tempera- 
ture as the reaction quiets down, until gentle boiling is attained. Continue boiling 
until the contents of the flask have been colorless for at least 1 hr. Avoid heating 
any dry part of die flask and, if necessary, add more acid, observing the quantity 
added. From this point, follow the standard Kjeldahl procedure, and determine 
the quantity of nitrogen present in the aliquot used. 

Factors for calculating the percentage of active ingredient and the percentage of 
base ingredients are given below. Since the Lethane bases are about 50% active 
ingredient, by volume, and Thanite is 82% isobornyl thiocyanoacetate, factors for 
both the active ingredients and the bases are given. 

Multiply the percentage of nitrogen determined by the factor given for deter- 
mining the percentage of the particular organic thiocyanate present. 


Lethane 384 base 14.573 

Lethane 384 26.739 

Lethane 60 base 21.263 

Lethane 60 38.242 

Lethane 384 Special base 19.185 

Lethane 384 Special 34.506 

Thanite 22.054 

Isobornyl thiocyanoacetate 18.084 


ORGANIC THIOCYANATES 

IN SPRAY MATERIALS 

Reagents. Polysulfide Solution.— Dissolve 180 g. of potassium hydroxide in 120 
ml. of water. Saturate 100 ml. of this solution with hydrogen sulfide (about 42 g.) 
while cooling. Add the other 100 ml. of potassium hydroxide solution and 80 g. 
of sulfur. Shake until dissolved. 

Sodium Sulfide (Na 2 S-9H 2 0). 

Mixed Sulfide Solution.— To 100 ml. of polysulfide solution, add 50 g. of sodium 
sulfide, 30 g. of potassium hydroxide, and 200 ml. of water. 

Sodium Bisulfite. 

Sulfur Dioxide. 

Copper Sulfate Solution, (20% CuS0 4 -51120). 

Potassium Hydroxide Solution, 10%. 

Sulfuric Acid (1 + 4). 

Wash Solution.-To 300 ml. of water add 1 ml. of sulfuric acid, 1 g. of sodium 
bisulfite, 10 ml. of copper sulfate solution, 12 g. of sodium sulfate, and pass sulfur 
dioxide into the solution for 10 min. 

Procedure.— Weigh a quantity of sample, preferably containing about 0.03 g. of 
thiocyanate nitrogen, into a 250-ml., glass-stoppered Erlenmeyer flask. (If the per- 
centage is very low, the weighed quantity should not be increased unduly without 
correspondingly increasing the quantity of mixed sulfide solution used; 20 to 25 g. 
of fly spray is usually sufficient.) Add 35 ml. of the mixed sulfide solution. Shake 
vigorously at room temperature for 10 min., during which time reaction is nearly 
completed. Heat to 70°C. on a steam bath, carefully releasing the pressure result- 
ing from heating, and shake at the temperature of 70°C. for 15 min. or more. 
Cool. 
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indicator, and titrate with 0.1 N hydrochloric acid to the change from green to 
yellow. 

Carry through the same procedure a blank determination on exactly 5 ml. of the 
standard potassium hydroxide solution. 

Calculations.— 


(At - A s ) X 3.032 
W 


percentage of /i-chlorophenyl-p-chlorobenzenesulfonate 


where At = milliliters of 0.1 N hydrochloric acid required for blank sample, 

A s = milliliters of 0.1 A T hydrochloric acid required for sample, and 
II 7 = grams of sample. 

Note.— Phenols will interfere unless determined separately. Free phenols may be deter- 
mined by extracting the residue, after removal of the ether solvent, with water or dilute 
alkali, followed by an appropriate phenol determination on the aqueous extract. 


PANOGEN 

DETERMINATION OF METHYL MERCURY DICYANDIAMIDE 

Reagents. Saturated Solution of Potassium Permanganate. 

Oxalic Acid Solution (1 N).— Dissolve 6.3 g. of oxalic acid in sufficient water to 
measure 100 ml. 

Ferric Ammonium Sulfate.— Dissolve 8 g. of ferric ammonium sulfate in sufficient 
water to measure 100 ml. 

Ammonium Thiocyanate, 0.1 N. 

Procedure — Transfer a sample containing approximately 0.1 g. of mercury to a 
800-ml. Kjeldahl flask. Place in an ice bath, and cautiously add 8 ml. of concen- 
trated sulfuric acid, insert a small funnel into the neck of the flask, then add 
slowly 10 ml. of nitric acid. Remove the flask from the ice bath and allow it to 
stand at room temperature for 15 min. with occasional shaking. Heat the mixture, 
at first gently on a steam bath, then more strongly over a burner, until the solu- 
tion is colorless or only slightly yellow, adding more nitric acid if necessary, and 
keeping the funnel in the neck of the flask during the heating. Allow the solution 
to cool sufficiently, and cautiously add through the funnel about 50 ml. of cold 
water, rinsing the stem of the funnel with a few milliliters of water, and allotving 
the rinsings to run into the flask. Add saturated potassium permanganate solution 
to the warm solution dropwise, until a slight pink color persists. Discharge the 
pink color by the addition of just sufficient oxalic acid solution. Cool the solution, 
add 3 ml. of nitric acid and 2 ml. of ferric ammonium sulfate, and titrate with 
0.1 N ammonium thiocyanate. Each milliliter of 0.1 N ammonium thiocyanate is 
equivalent to 0.01003 g. of mercury or 0.01494 g. of methyl mercury dicyandiamide. 

PANOGEN 15 AND PANOGEN 42 

See “Mercury,” p. 1881, above. ■ - 
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PARATHION OR METHYL PARATHION 

IN DUST AND WETTABLE POWDER FORMULATIONS 

Reagents Ethyl Alcohol, 50% 

Potassium Hydroxide, 1 N in 50% Alcohol 

Standard p Pvitrophenol Solution —Weigh 60 mg of p mtrophenol transfer to a 
100 ml \olumetnc flask dissolve in the alcohol and make to volume Pipet 10 ml 
into a second 100 ml volumetric flask and make to volume Pipet 5 ml into a 
third 100 ml flask add 5 ml of 1 N potassium hydroxide and make to volume with 
the alcohol 

Procedure —Weigh a sample containing about 10 mg of parathion and transfer 
to a 230 ml glass stoppered flask Add 100 ml of alcohol (o0%) and shake pe 
nodically for 10 mm Filter about 25 ml of this solution into a glass stoppered 
container 

Free p Mtrophenol —Pipet 10 ml of the filtered solution into a 100 ml volu 
metric flask and dilute to volume with 50% alcohol Add 5 drops of 1 JV potas 
sium hydroxide mix and immediately measure the absorbance ( A „ ) at 40a m/i 
Use 50% alcohol as the blank 

Parathion or Methyl Parathion —Pipet 5 ml of the filtered solution into a 
125 ml standard tapered flask add 5 ml of 1 N potassium hydroxide and add 
glass beads to prevent bumping Reflux for at least 30 min Cool and transfer 
to a 100 ml volumetric flask with 50% alcohol Dilute to volume with the alcohol 
•nd measure the absorbance (A) at 405 m^ in 1 cm Corex cuvets using 50% alcohol 
as the blank Determine the absorbance ( A t ) of the standard p mtrophenol solu 
tion in the same manner 

Calculation — 


A = absorbance of sample solution, 

A n ~ absorbance due to free p mtrophenol, 

A, — absorbance of standard p mtrophenol solution, 

\V — weight of sample, and 

W, — weight of p mtrophenol standard 0 060 X rc&rff (m 1G0 ml solution) 


Factors Percentage of parathion X 0 478 = percentage of p mtrophenol 


?'UK'y?/a<ge. v/tthif, 7 anMhi&h X 'i IIA — ^teras/agt d. 'iitsnjjjhGoni- 


Percentage of free p mtrophenol 


A n W,(l00) 


Percentage of (uncorrected) parathion 


AJK( 100 ) 
AW(t£tt)( 478) 


Percentage of parathion = percentage of (uncorrected) parathion ^g 


(percentage of free p mtrophenol) 

Note— T he sample should contain about 10 mg of parathion (or meth>l parathion) 
If necessary extract a larger sample and aliquot again before the determinations u b 
alcohol as the solvent 
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PERTHANE 

See “Chlorine (Total),” p. 1860, and "Chlorine or Bromine in Organic Com- 
pounds,” p. 1862, above. 


PHENOTHIAZINE 20 

Reagents. Ethyl Alcohol, 95%. 

Bromine Water, Saturated Solution. 

Standard Phenothiazine.— Dissolve phenothiazine in 10 volumes of toluene with 
heating. For each 4 g. of phenothiazine, add 0.1 g. of carbon, reflux the mixture 
for 10 min., and filter it, while hot, through a heated filter. Cool the solution, 
collect the phenothiazine crystals with suction, and dry them in an oven at 100°C., 
and then in a vacuum desiccator containing paraffin chips. Repeat this recrystalli- 
zation, if necessary, until the product melts at 184° to 185°C. 

Procedure.— Weigh accurately a quantity of sample containing about 100 mg. 
of phenothiazine into a 500-ml., glass-stoppered bottle. Add exactly 200 ml. of 
ethyl alcohol, stopper the bottle, and shake it until the phenothiazine is completely 
dissolved. Transfer exactly 5 ml. of the clear, supernatant solution into a 100-ml. 
volumetric flask. Add 45 ml. of ethyl alcohol, and heat the mixture for 10 min. 
in a water bath at 60°C. Add rapidly, from a graduated cylinder, 5 ml. of bromine 
water, stopper the flask tightly, and allow it to stand for 10 min. at room tempera- 
ture. Add an additional 5 ml. of bromine water, stopper the flask tightly, and 
allow it to stand for 10 min. at room temperature. Return the opened flask to the 
water bath, heat the bath to about 90°C., and continue heating for 5 min. after 
the alcohol vapors begin to escape from the flask. Cool the flask to room tem- 
perature, and dilute to volume with ethyl alcohol. The transmittancy is then 
determined at 520 mu, using a blank sample to set the instrument. 

A standard calibration curve is prepared from purified phenothiazine, using the 
exact analytical procedures as are used for the samples. 

PHORATE 

See "Phosphorus (Organic),” following. 

PHOSPHORUS (ORGANIC ) 21 

This procedure may be used for phosphorus-containing organic compounds, 
including demeton, Dimefox, EPN, Isopestox, malathion, methyl parathion, 
4-methylumbelliferone 0,0-diethyl thiophosphate, para-oxon, parathion, schradan, 
sulfotepp, and tetraethyl pyrophosphate. 

Reagents. Nitric Acid, Concentrated. 

Potassium Chlorate. 

Hydrochloric Acid, Concentrated. 

Ammonium Molybdate, 2.5% Solution. 

20 Reproduced with permission from Analysis of Insecticides and Acaracides, Interscience 
Publishers, Inc., New York, 1955. 

21 Reproduced with permission from Analysis of Insecticides and Acaracides, Interscience 
Publishers, Inc., New York, 1955. 
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Potassium Iodide Solution— Dissolve 20 g of potassium iodide and 05 g of 
sodium carbonate in 80 ml of distilled water 

Sodium Sulfite, 0 5% Solution 

Procedure — \n aliquot of a benzene solution containing about 0 1 mg of an 
organic phosphate compound is transferred to a 50 ml beaker, and the solvent is 
removed at room temperature by passing air over the surface of the solution If 
the compound has a very high vapor pressure the evaporation should be done 
with extreme care, preferably with some cooling of the beaker Introduce 2 ml 
of concentrated nitric acid into the beaker cover it with a watch glass, and heat 
it on a hot plate for 5 mm then allow it to cool to room temperature Add 0 10 g 
of potassium chlorate, swirl to dissolve the salt, and digest the mixture in the 
covered beaker on the hot plate for 15 to 20 min Rinse down the cover glass and 
sides of the beaker with a minimum amount of water, and carefully evaporate just 
to dryness on the hot plate If organic matter remains avoid overheating which 
will cause charring 

Allow to cool slightly, add 2 ml of concentrated hydrochloric acid, rotate the 
beaker to insure that all the residue has been wetted, and again evaporate just to 
dryness as before Repeat the addition of hydrochloric acid and evaporation to 
dryness twice more, washing down the sides of the beaker with the acid as it is 
added 

Dissolve the residue in 2 ml of distilled water and 1 ml of 10 N sulfuric acid 
solution, cover and boil the solution for 5 min Cool, rinse down the cover with 
a minimum of water and transfer the solution quantitatively to a 10 ml volumeiru 
flask Wash the beaker twice with 2 ml portions of water and add the washings 
to the volumetric flask Cool to room temperature, add 1 ml of 2 5% ammonium 
molybdate solution, and then 1 ml of the potassium iodide sodium carbonate solu 
tion Immerse the flask in a steam bath for 15 to 20 min Cool to room tem 
perature and add 0 5% sodium sulflte solution dropwise with frequent agitation 
until the iodine color disappears Allow to stand for 15 to 20 min , and add more 
sulfite solution, in a similar manner if the iodine color reappears Finally add 
0 4 ml of 0 5% sodium sulfite solution adjust to volume with water, and mix 
thoroughly Determine the transmittancy at 650 m/i using a blank sample to set 
the instrument 

A standard calibration curve is prepared from the purified insecticide using tbs 
exact cleanup and analytical procedures as are used for the samples 

PHOSPHORUS PASTES 
TOTAL PHOSPHORUS 

Reagents. Ammonium Molybdate Solution —Dissolve 100 g of molybdiC acid 
m dilute ammonium hydroxide (144 ml of strong ammonium hydroxide and 271 
ml of water), and pour this solution slowly and with constant stirring into dilute 
nitric acid (489 ml of strong nitric acid and 1148 ml of water) Keep the mixture 
m a warm place for several days or until a portion heated to 40°C deposits no 
yellow precipitate of ammonium phosphomolybdate Decant the solution from 
any sediment, and preserve in glass stoppered vessels 

Ammonium Nitrate Solution —Dissolve 100 g of commercial ammonium nitrate, 
free from phosphates in water, and dilute to 1 liter 
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PIVAL 

SPEC1 ROPHOTOMETRIC DETERMINATION IN PRODUCTS 
CONTAINING ABOUT 0 025% PIVAL 
(2 PIVALYL 1 3 IN DANDIONE) 

Reagents Sodium Pyrophosphate 1%— Dissolve 5 g of Na 4 P 2 O r I0H 2 O m 
500 ml ol water 

Petroleum Ether —Extract 200 ml of petroleum ether 3 times with 20 ml por 
tionsoi 1% sodium pyrophosphate 

Procedure —Weigh 10 g of sample into a Soxhlet thimble and extract with ethyl 
ether for about 4 hr Transfer the extract to a 200 ml volumetric flash and make 
to the mark, with ether Pipet 3 ml into a glass stoppered test tube containing 
10 ml of 1% sodium pyrophosphate stopper and shake rigorously for 2 nun 
Centrifuge at high speed until the aqueous layer is clear Draw off the ether layer 
by means of an aspirator connected to a tube drawn out to a fine tip Add about 
2 ml of ether shake vigorously centrifuge and completely draw off the ether 
layer Repeat with a second 2 ml of ether and then extract twice with petroleum 
ether in the same manner 

Prepare a blank solution by the same procedure using 2 ml of ether in place of 
the 2 ml of ether extract 

Determine the absorbance of the sodium pyrophosphate solution at 283 mju in 
a 1 cm quattz cuvet 

Calculation —Percentage of pival = A( 0G1) 

\otf— Pi\al has maxima at 283 3)2 and 321 m/i which may be used for identification 

SPECTROPHOTOMETRIC METHOD FOR PRODUCTS 
CONTAINING ABOUT 0 5% PIVAL IN CORNSTARCH 

Reagents Ethyl Ether 

Sodium Pyrophosphate Solution (1%)— Dissolve 5 g of Na 4 P 2 0 7 10H 2 O in 500 
ml of water 

Petroleum Ether— Extract 200 ml of petroleum ether 3 times with 20ml por 
tions of 1% sodium pyrophosphate solution 

Procedure —Weigh 1 0 g of sample into a 125 ml glass stoppered flask and add 
5U ml* ol" ethyl' ether with a pipet Shake on a shaking machine ibr AT nnir 
Iransfer about 15 ml to a glass stoppered test tube (6 in by in) and centrifuge 
5 mm at high speed or until the solution is clear Take precautions to avoid 
evaporation of the ether 

(The centrifuging may be omitted if the diluent settles readily to give a clear 
solution ) 

Pipet 10 ml of the clear ether extract into a 50 ml volumetric flask and dilute 
to the mark with ether 

Pipet 2 ml of this solution into a glass stoppered test tube containing exact) 
10 ml of 1% sodium pyrophosphate solution and shake vigorously for 2 nun 
Centrifuge and draw off the ether layer by means of an aspirator connected to a 
tube drawn out to a fine tip Add about 2 ml of ether shake vigorously centri 
fuge and draw off the ether layer Repeat using 2 ml of petroleum ether in t £ 
same manner 
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Prepare a blank solution in the same manner using 2 ml. of ether in place of 
the 2 ml. of ether extract. 

Pipet a sufficient quantity (about 3 ml.) of the aqueous solution into a 1-cm., 
silica cuvet, and determine the optical density at 283 m/a. 

Calculation.— Percentage of pival = optical density X 1-148. 

Notf.— Pival has maxima at 283, 312, and 324 m^, which ma\ be used for identification. 

PIVAL IN BAIT MATERIALS 

SPECTROPHOTOMETRIC DETERMINATION IN PRODUCTS 
CONTAINING ABOUT 0.025% PIVAL 
(2-PIVALYL- 1 ,3-INDANDION E) 

Reagents. Sodium Pyrophopshate Solution (1%).— Dissolve 5 g. of Na 4 P 2 0 7 - 
10H 2 O in 500 ml. of water. 

Ethyl Ether-n-Hexane (20 to 80).— Extract 200 ml. of n-hexane 3 times with 20-ml. 
portions of 1% sodium pyrophosphate, and add 50 ml. of ethyl ether. 

Hydrochloric Acid (1 + 4). 

Procedure .— Weigh 2 g. of ground sample into a 125-ml., glass-stoppered flask, 
and add 50 ml. of 1% sodium pyrophosphate solution with a pipet. Shake for 
1 to 2 hr. on a shaking machine. Transfer about 15 ml. to a glass-stoppered test 
tube, and centriluge for at least 5 min. Pipet 10 ml. into a centrifuge tube, add 
3 ml. of HC1 (1 + 4) and 25 ml. of ether-hexane solution, and shake for 10 min. 
Centrifuge it necessary. Pipet 5 ml. of the solvent layer into a glass-stoppered test 
tube, and add 5 ml. of 1% sodium pyrophosphate. Prepare a blank by the same 
procedure, using the ether-hexane in place of the solvent layer. Shake for 2 min., 
centrifuge, and remove the solvent layer with an aspirator. 

Determine the absorbance (A) of the sodium pyrophosphate solution at 283 m,u 
in a 1-cm., quartz cuvet. 

A blank should be run on the bait material if it is available, and absorbance due 
to die bait should be subtracted from the absorbance obtained for the sample. 

Calculation.— Percentage of pival = ,4(.057). 

Note.— Piial has maxima at 283, 312, and 324 m^, which may be used for identification, 

PIVALYN (SODIUM SALT OF 2-PIVALYL-l,3-INDANDIONE) 

SPECTROPHOTOMETRIC DETERMINATION 
IN WATER-SOLUBLE POWDERS 

METHOD 1 

Reagent. Sodium Pyrophosphate, 2%.— Dissolve 10 g. of Na 4 P 2 0 7 - 10H..O in 
500 ml. of water. 

Procedure .— Prepare an aqueous solution of the sample containing 3 to 5 ng. of 
Pivalyn per milliliter, and 1% sodium pyrophosphate. 

For a product containing 0.14% Pivalyn, weigh 0.8 g. into a 100-ml. volumetric 
flask, dissolve in water, and make to volume. Pipet 15 ml. of diis solution into a 
50 -ml. volumetric flask, add 25 ml, of 2% sodium pyrophosphate solution, and 
make to volume with water. 
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factor from the precipitated hydrazodicarbamide (NH 2 CONHNHCONH 2 ) to po- 
tassium cyanate is 0.68682. 


POTASSIUM CYANIDE 

See “Sodium and Potassium Cyanides,” p. 1903, below. 

PYRETHRUM POWDER 22 
PYRETHRIN I 

Reagents. Deniges Reagent.— Mix 5 g. of yellow mercuric oxide with 40 ml. of 
water, and, while stirring, slowly add 20 ml. of sulfuric acid; then add an additional 
40 ml. of water, and stir until completely dissolved. Test for the absence of mer- 
curous mercury by adding a few drops of iodine monochloride solution to 10 ml., 
and titrating with standard potassium iodate solution, as instructed in the follow- 
ing procedure for determination, beginning with “Add 30 ml. of hydrochloric 
acid. . .”. 

Iodine Monochloride Solution.— Dissolve 10 g. of potassium iodide and 6.44 g. 
of potassium iodate in 75 ml. of water, in a glass-stoppered bottle. Add 75 ml. of 
hydrochloric acid and 5 ml. of chloroform, and adjust to faint iodine color (in 
chloroform) by adding dilute potassium iodide or potassium iodate solution. If 
much iodine is liberated, use a stronger solution of potassium iodate than 0.01 M 
at first, making final adjustment with an 0.01 M solution. Keep in the dark and 
readjust when necessary. 

Standard Potassium Iodate Solution, 0.01 M .— Dissolve 2.14 g. of pure potassium 
iodate, previously dried at 105°C., in water, and dilute to 1 liter (1 ml. of this 
solution equals 0.0057 g. of pyrethrin I, and requires no further standardization). 

Procedure .— Extract a sample containing 20 to 75 mg. of pyrethrin I (12.5 to 15 g.) 
in a Soxhlet or other efficient extraction apparatus for 7 hr., with petroleum ether. 
After extraction is complete, evaporate the petroleum ether to about 40 ml., stopper 
the flask, and place it in a refrigerator at 0° to 5°C. for at least 2 hr. or preferably 
overnight. Filter the cold extract through a cotton plug, saturated with cold 
petroleum ether, in the stem of a funnel, and collect the filtrate in a 250-ml. Erlen- 
meyer flask. Add 20 ml. of cold petroleum ether to the extraction flask. With a 
rubber policeman, dislodge resinous material in the flask, swirl the contents with- 
out allowing wash liquid to warm up appreciably, and filter through the cotton. 
Repeat the operation twice, using 10-ml. portions of the chilled petroleum ether. 
Add several glass beads, and remove the solvent on a water bath, without attempt- 
ing to heat the residue long enough to remove the last traces of solvent. 

Add 15 to 20 ml. of 0.5 N alcoholic sodium hydroxide to the flask containing the 
pyrethrum extract, connect to a reflux condenser, and boil gently for 1 to P/£ hr. 
Transfer to a 600-ml. beaker, and add sufficient water to bring the volume to 200 ml. 
Add a few glass beads, or preferably use a boiling tube, and boil down to 150 ml. 
Transfer to a 250-ml. volumetric flask and add 1 g. of Filter-Cel and 10 ml. of 
10% barium chloride solution. Do not shake before diluting to volume. Dilute 
to volume, mix thoroughly, filter off 200 ml., neutralize with sulfuric acid (1 + 4), 

22 Repioduced with permission from Official Methods of Anabsis, Association of Official 
Agricultural Chemists, Washington, D. C. 
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using 1 drop of phenolphthjlein, and add I ml in excess (If necessary to hold 
the solution overnight at this point lease in alkaline condition) Filter through n 
7 cm paper coated lighth with a suspension of Filter Cel in water, on a Buchner 
funnel, and wash several times with water Transfer to a 500 ml separatory funnel 
and extract with two 50 ml portions of petroleum ether Wash the extracts with 
two or three 10 m! poitions of water and filter petroleum ether extract through 
a cotton plug into a clean 250 ml separatory funnel Wash the cotton with 5 ml 
of petroleum ether Extract the petroleum ether with 5 ml of 0 1 N sodium hy 
droxide, shaking vigorously Drain the aqueous layer into a 100 ml beaker, wish 
petroleum ether with 5 ml of water or with an additional 5 ml of 0 1 A' sodium 
h\ droxide and add this to the beaker Add 10 ml of the Demges reigent and 
let stand 1 hr at 25 * 2"C Add 20 ml of alcohol and precipitate mercurous 
chloride with 3 ml of siturated sodium chloride solution Warm to about 60°C 
and filter through a small paper, transferring all the precipitate to the paper and 
wash with 10 ml or more of hot alcohol Wash with 2 or more 10ml portions 
of hot chloroform and place the paper and its contents in a 250 ml glass stoppered 
Erlenmever fhsk Add 30 ml of hydrochloric acid and 20 ml of water and cool 
Add 6 ml of chloroform or carbon tetrachloride and 1 ml of the iodine mono 
chloride solution and titrate with the potassium lodate solution shaking vigorously 
after each addition until no iodine color remains m the chloroform or cubon 
tctTachlonde layer Take as the end point the point at which the Ted color dis 
appears from the chloroform or carbon tetrachloride layer From the volume of 
the standard potassium mdate solution used calculate the percent of pyrethrin I 

PVR El HRIN II 

Procedure —Use aqueous residue from the petroleum ether extriction in the 
pyrethrin I determination and filter through a Gooch crucible if necessary Con 
centrate the filtrate to about 50 ml , and transfer it to a 500 ml separatory funnel 
Acidify with 10 ml of hydrochloric acid and saturate with sodium chloride 
( \cidificd aqueous layer must be saturated with sodium chloride throughout the 
following extractions) Lxtract with 50 ml of ether drain the aqueous layer into 
a second separatory funnel, and extract again with 50 ml of ether Continue 
extracting and draining the aqueous layer using 35 ml for the third and fourth 
extractions Combine the 4 ether extracts, dram, and wash with three 10 ml por 
tions of saturated sodium chloride solution Filter the ether extracts through a 
cotton plug into a 500 ml Erlenmever flask, and wash the cotton with an additional 
10 ml of ether Evaporate the ether on a water bath, and remove any fumes of 
hydrochloric acid with a current of air and continued heating Dry 10 min Jt 
100°C Add 2 ml of neutral alcohol and 20 ml. of water, and heat to dissolve acid 
Cool, filter through a Gooch crucible, if necessary, add 1 or 2 diops of phenol 
phthalcin, and titrate with 0 02 A’ sodium hydroxide (1 ml is equil to 0 00371 g 
of pyrethrin II) 

PYRETHRUM EXTRACTS IN MINERAL OIL 
PYRETHRIN I 

Reagents — See method for pyrethrum powder, above 

Procedure.— In the case of extracts and concentrates containing more than 2 
mg per 100 ml of pyrethrms, dilute to tint concentration with petroleum tl,cr 
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to detect the presence of oxidized pyrethrins, indicated by the development of 
cloudiness in the diluted solution. If the solution is clear, proceed as below. 
If the solution is not dear, dilute the portion taken for analysis in the same manner, 
add 1 g. of Filter-Cel, place in a refrigerator for at least 2 hr., filter through a 
Gooch crucible, and wash with cold petroleum ether. Use the filtrate and -wash- 
ings for the determination. 

Weigh or measure a quantity of sample that will contain 20 to 75 mg. ol' 
pyrethrin I, and transfer to a 300-ml. Erlenmeyer flask. Evaporate the petroleum 
ether, if necessary, on a water bath, without attempting to heat the residue long 
enough to remove the last traces of solvent. Add 20 ml. of normal alcoholic sodium 
hydroxide, or more if necessary, to the flask, connect to a reflux condenser, and 
boil gently for 1 to 1 ^ hr. Transfer to a 600-ml. beaker, and add sufficient water 
to make the aqueous layer 200 ml. If more than 20 ml. of alcoholic sodium 
hydroxide solution have been used, add enough water so that all alcohol will be 
removed when the volume has been reduced to 150 ml. Add a few glass beads, 
or preferably use a boiling tube, and boil the aqueous layer down to 150 ml. 
Transfer the contents of the beaker to a 500-ml. separatory funnel, and drain the 
aqueous layer into a 250-ml. volumetric flask. Wash the oil layer once with water, 
and add the washing to the aqueous portion. If a slight emulsion still persists after 
draining the aqueous layer and washings, add 2 to 3 ml. of 10% barium chloride 
solution, but do not shake vigorously after this addition, since reversed emulsions, 
difficult to separate, may form. To the aqueous solution in the 250-ml. volumetric 
flask, add 1 g. of Filter-Cel and 10 ml. or more of the barium chloride solution. 
Do not shake before diluting to volume. Dilute to volume, mix thoroughly, and 
filter off 200 ml. Test filtrate with barium chloride to see if sufficient has been 
added to obtain a clear solution. Neutralize with sulfuric acid (1 + 4), using 
1 drop of phenolphthalein, and add 1 ml. in excess. Then proceed as in the 
method for pyrethrin I in pyrethrum powders above, beginning ‘‘Filter through 
a 7-cm. paper . . •” 

Note.— Chrysanthemum monocarboxylic acid reacts with the Deniges reagent to form a 
series of colors beginning with phenolphthalein red, which gradually changes to purple, 
then to blue, and finally to bluish green. The color reaction is very distinct with 5 mg. 
of the acid, and quantities as low as 1 mg. can usually be detected. Therefore, no 
pyrethrin I should be reported if the color reaction is negative. 

With samples containing much perfume or other saponifiable ingredients, it may be 
necessary to use as much as 50 ml. of normal alcoholic sodium hydroxide. When lethancs 
are present, after washing mercurous chloride precipitate with alcohol and chloroform, 
wash once more with alcohol and then several times with hot water. 


ROTENONE 

IN DERRIS AND CUBE POWDER 

Reagents. Purified Rotenone.— Dissolve rotenone, with decolorizing carbon, in 
hot carbon tetrachloride, cool in an ice bath until precipitation of the rotenone- 
carbon tetrachloride solvate has ceased, filter on a Buchner funnel, and wash tw-ice 
with ice-cold carbon tetrachloride. Concentrate the filtrate, crystallize, and filter 
as before. Transfer the crystals to a beaker, add about twice their volume of 
alcohol, and heat nearly to boiling. Cool to room temperature, filter in a Buchner 
funnel, drawing air through until most of the alcohol is removed. Dry the rotenone 
in air, then heat for 1 hr. at 105°C. (Mother liquors may be concentrated and the 
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solute allowed to crystallize for further purification prepaiation of wash solutions 
or lor seeding to induce crystallization in the analytical procedure) 

Rotenone Carbon Tetrachloride Solv ate —Precipitate rotenone from a carbon 
tetrachloride solution filter by suction and dry in air 
Ethyl Alcohol —Saturated with rotenone at room temperature 
Decolorizing Cirbon Norn \ or cqu tl 

Procedure — \\ eigh 30 g (if the sample contains more than 7% rotenone use 3 
qu unity that will give 1 0 to l a g of rotenone m a 200 ml aliquot) of finds 
powdered root and 10 g of decolorizing carbon into a 500 ml glass stoppered 
1 rlenmever flask \dd 300 ml of chloroform measured it a definite room tent 
puaturc place the flask on a shaking machine and agitate vigorously for at least 
1 hr (prclcrtbl) overnight) keep stopper securely fastened niter the mixture 
ripidly into a suitable flask using a fluted paper without suction and keeping 
the funnel coveretl with a watch glass to avoid loss from evaporation Stopper the 
disk ind adjust the tcmpeiaturc of the filtrate to that of the original chloroform 
transfer exactly 200 ml of the solution to a 500ml Erlenmeyer flask ind distil 
until only about 3a ml remain Evaporate almost to dryness on a steam bath it 
a current of air Remove the remainder ol the solvent under reduced pressure 
heiting cautiously on a steam bath when necessary Use a vent in the stopper to 
iv oid excessive vacuum Dissolve the extract in 15 ml of hot carbon te trichloride 
ind igun in a similar manner remove all of the solvent Repeat with mother 
10 to 15 ml portion of hot carbon tetrachloride Hus treument removes dl ol 
the chloroform from the resins The chloroform extract is usually eompknh 
soluble m cirbon tetrachloride II small amounts of insoluble mitcnal remain 
die purification procedure described below will eliminate them 
Dissolve the residue in about 10 ml of hot carbon tetrachloride and transfer 


to a 50 ml Lrleumeycr flask that has been marked to indicate a 2a ml volume 
Rinse the 500 ml flask with hot carbon tetrachloride to remove the last traces of 
extnet adding the wash solution to the carbon tetrachloride solution in the 50-ml 
flask If the volume of solution at this point exceeds or is less than 2a ml adjust 
to ml by evaporation on a steam bull or by addition of carbon tetrachloride 
Cool the flask in an ice bath for several minutes stopper the flask and swirl until 
crystallization is apparent Seed with a few crystals of rotenone carbon tetrachloride 
solvaic if necessary to induce crystallization If at this stage only i small quantity 
of crystalline material separates add an accurately weighed qummy of puriftd 
rotenone estimated to be sufficient to assure that the final result expressed as pure 
rotenone is at least 1 g Then warm to effect a complete solution and ignn induce 
crystallization At the same time prepare a saturated solution of rotenone in 
carbon tetrachloride for washing Place the flasks containing the extract and w i'li 
tug solution m an ice bath capable of maintaining a temperature of 0°C and 
allow to remain overnight After 17 to 18 hr m the ice bath ripidlv fiber die 
extract through a weighed Gooch crucible fitted with a disc of filter pajicr remoi 


ing the flask from the ice bath only long enough to pour c ich fraction of extract 
into the crucible Rinse the residue of crystalline material front the flis^ 31 ^ 
wash under suction once with icccold saturated rotenone carbon tetr ichloride 
wash solution Not more than 12 to 15 ml of wash solution should be used for 
rinsing and washing and the wash solution should be kept as near 0°C as po«W f 
during use Allow the crucible to remain uneler suction about 5 min then dr» 
to constant weight at 40*C (about 1 hr) The weight obtained is crude rotenutc 


cirbon tetrachloride solvate 
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Break up the contents of the crucible with a spatula, mix thoroughly, and weigh 
1 g. into a 50-ml. Erlenmeyer flask. Add 10 ml. of the alcohol that has been 
saturated with rotenone at room temperature, and swirl flask for a few minutes, 
stopper tightly, and set aside at least 4 hr., preferably overnight, at the same 
temperature. Filter on a weighed Gooch crucible fitted with a disc of filter paper. 
Rinse the crystals from the flask, and wash under suction with the alcohol saturated 
with totenone at the temperature of crystallization (about 10 ml. is usually re- 
quired). Allow the crucible to remain under suction 3 to 5 min., and dry at 105°C. 
to constant weight (about 1 hr.). 

Multiply the weight of the residue by the weight of the total crude rotenone- 
carbon tetrachloride solvate, and to the product add 0.07 g. (0.07 g. represents the 
correction for the rotenone held in solution in the 25 ml. of carbon tetrachloride 
used for crystallization). If any pure rotenone has been added, subtract its weight 
from the value obtained. This gives the weight of pure rotenone contained in the 
aliquot of the extract. 

The most important precaution in using this method is to keep the temperature 
of the carbon tetrachloride-iotenone wash solution and crucibles as near 0°C. as 
possible. 


ROTENONE 

IN DERRIS AND CUBE POWDER IN PRESENCE OF SULFUR 

Procedure .— Follow the preceding method for rotenone to the point of adding 
decolorizing carbon to the soluiton. Use not more than 5 g. of carbon, and follow 
the procedure until the 200-ml. aliquot is evaporated to dryness on a steam bath. 
Add 10 ml. of acetone to the residue, warm to dissolve the rotenone, cool in run- 
ning tap water or ice water for 15 min., filter through a disc of filter paper in a 
Gooch crucible, and wash 2 or 3 times with small portions of cold acetone (5- or 
10-ml. each). Transfer the acetone solution to a 125-ml. Erlenmeyer flask, and 
evaporate almost to dryness on a steam bath in a current of air. Then completely 
lemove the remainder of the solvent under reduced pressure, heating cautiously 
on the steam bath, when necessary to hasten die evaporation. If the residue appears 
to contain sulfur, repeat the extraction with acetone, using a smaller quantity of 
the reagent. 

From this point pioceed as directed above in the rotenone method, beginning 
“Dissolve the residue in about 10 ml. of hot carbon tetrachloride . . 

SABADILLA 23 

Procedure.— Weigh 10 g. of mixed 50% sabadilla dust (or a corresponding quan- 
tity of lesser concentration) into a 500-ml., glass-stoppered Erlenmeyer flask. Add 
exactly 300 ml. of ether-chloroform (3:1), and shake 5 min. Make alkaline with 
10 ml. of ammonium hydroxide and shake for 2 hr. on a shaking machine. Let 
stand overnight; then shake 1 hr. 

Filter, avoiding evaporation. Place a 200-ml. aliquot in a 500-ml. separatory 
funnel, acidify with sulfuric acid (3:97), and shake. Withdraw a small amount of 
the aqueous layer and test with litmus paper, returning the solution to the funnel. 

-u Repioduced with peimission fiom Official Methods of Analysis, Association of Official 
Agiicultuial Chemists, Inc., Washington, D. C. 
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Add 50 ml of the dilute sulfuric icid and shake Let separate and transfer acid 
extract to a second 500 ml separator) funnel \dd aO ml of petroleum ether to 
the acid extract and shake Let the layers separate and transfer the acid extract 
to a third funnel Repeat the extriction of the solution in the first funnel with 
two 50 ml portions of the dilute sulfuric acid using the same 50 ml of petroleum 
ether in the second funnel for wishing Collect the icid extracts in the third 
sep iratory funnel 

Make acid extracts alkaline to pheimlphth iltm with ammonium hydroxide 
Extract with three 50 ml portions of chloroform \\ ish each chloroform extract 
bv shaking gentl\ with the strne 100ml p irtion of water in i fourth separators 
funnel If in emulsion forms idd a mu ill amount ol anhvdrnus sodium sulfate 

Filter each chloroform extract through cotton into a weighed 2j() ml fhsk 
Evaporate the chloroform on a steam bath \dd a few milliliters of alcohol and 
evaporate again Or) for I hr at 100 C and weigh the sabaddla alkaloids 

SCHRADAN 

See Phosphorus (Organic) p 1801 ibovt 

SEVIN 

INFRVRLD DETERMINATION 

Standard Solution Weigh 80 mg ol pure Set in (I naphthyl N methvlcarbamate) 
into a 10 ml volumetric flask and make to volume with chloroform \CS grade 

Procedure— For dusts containing at least 10% Sevin weigh a sample containing 
0 4 g of Sevin into a glass stoppered Erlenmeyer flask add 50 ml of chloroform 
with a pipet stopper and shake lor 20 mm on a shaking machine Centrifuge a 
portion of the extract to clarify 

For dusts containing less than 10% of Sevin weigh a sample containing 02 g 
of Sevin into a chromatographic tube (about 2o mm in diameter and 25 cm long) 
to which 3 g of Hyflo Supercel has been added tamp gently and extract with 
2 successive 50 ml portions of acetone allowing the acetone to percolate through 
the sample Collect the extract in a flask Evaporate the solvent completely on a 
steam bath using an air current Dissolve the residue in chloroform transfer to 
a 2a ml volumetric flask and make to volume 

Transfer the sample solution to a sodium chloride cell and scan using the fol 
lowing settings for a Perkin Elmer model 21 infrared spectrophotometer 

Cell 0 5 mm , compensated with chloroform 

Range 8 5 to 9 5 u 

Resolution 960 (program) 

Speed 2 

Gain adjusted (about 5) 

Repeat with the standard solution Measure the absorbance of the Sevin peak 
at 8 94 /t using a baseline from 8 8 to 9 3 ft and calculate the percentage of Sevin 

ULTRAVIOLET DETERMINATION 

Standard Solution —Dissolve 100 mg of Sevin in 100 ml of ethyl alcohol 
2 ml into a 100 ml volumetric flask and make to volume with alcohol ( 
nil 2 mg ) 



PESTICIDES 


1903 


Procedure— Prepare an extract containing about 2 mg. of Sevin in 100 ml. of 
ethyl alcohol. Extract by shaking for 30 min. in a 250-ml. Erlenmeyer flask with 
100 ml. of alcohol. 

Transfer the sample solution and the standard solution to 1-cm., silica cuvets, 
and determine the absorbance at 280 mji with alcohol as a blank, using a suitable 
spectrophotometer. 

Calculate the percentage of Se\ in as follows: 


Sevin, per cent = 


^(■IOOXtWOO) 

^(O(A) 


2 A 
A, 


where A = absorbance of sample solution, and 
A, = absorbance of standard solution. 

Note .—A, = about 0.612. Se\in lias a secondary maximum at 271 m/i. Sevin is rapidly 
decomposed in alkaline solution. 


SODIUM CHLORATE 

DETERMINATION IN HERBICIDES 

Reagents. Potassium Permanganate.— Standard 0.1 N solution. 

Ferrous Sulfate Solution.— Thirty g. FeS0 4 -7H 2 0, 900 ml. water, sulfuric acid 
to make 1 liter. 

Manganese Sulfate Solution (Zimmermann Reinhart Solution).— Seventy g. 
MnS0 4 -4H 2 0, 125 ml. sulfuric acid, 125 ml. 85% phosphoric acid diluted to 1 liter. 

Procedure .— Shake 30 g. of sample with exactly 250 ml. of water in a glass- 
stoppered flask for 2 hr. Filter, transfer a 25-ml. aliquot to a 300-ml. Erlenmeyer 
flask, add exactly 30 ml. of ferrous sulfate solution, and boil for 10 min. The flask 
should be fitted with a Bunsen valve to prevent oxidation by the air. Cool, dilute 
to 100 ml., add 10 ml. of the manganese sulfate solution, and titrate with the 
potassium permanganate to the first distinct pink color, adding the solution drop- 
wise toward the end. The end point is not permanent due to oxidation of the 
chloride by the permanganate. Standardize the ferrous sulfate solution by the same 
procedure. The difference between the volumes of permanganate solution used 
lor the ferious sulfate and for the sample is equivalent to the sodium chlorate 
(1 ml. 0.1 N KMn0 4 = 0.001774 g. NaCIO a ). 


SODIUM AND POTASSIUM CYANIDES 
CYANIDE 

Reagent. Silver Nitrate Solution, 0.1 N .— Standardized accurately by appropriate 
method. 

Procedure .— Break the sample into small lumps in a mortar (do not grind). 
Weigh quickly about 5 g. into a weighing bottle, and wash into a 500-ml. volumetric 
flask containing about 200 ml. of water. Add a little lead carbonate to precipitate 
any sulfides that may be present, dilute to the mark with water, mix thoroughly, 
and filter through a dry fdter. Transfer a 50-ml. aliquot to a 400-ml. beaker, add 
200 ml. of water, 5 ml. of sodium hydroxide solution (100 g. per liter of water), 
and 10 diops of saturated potassium iodide solution (or a few crystals), and titrate 
to faint opalescence with the silver nitrate solution. In making this titration it is 
advantageous to have the beaker over a black surface. From the amount of silver 



1904 


PESTICIDES 


nitrate solution used calculate the percentage of cyanide (1 ml of 0 1 N silver 
nitrate is equal to 0 005204 g of cyanide) 


SODIUM DIMETHYLDITHIOCARBAMATE ** 

The method given for Ferbam may be used the only difference being in the 
factor used in calculation Calculate the percentage ot sodium dunethyldithio 
carbamate as follows 


NaDMDTC per cent 


(A - B) X \ X 14 3215 
sample weight (grams) 


w here A — milliliters of 0 1 ^ iodine m determination titration, 
B = milliliters of 0 1 A iodine in blank titration, and 
C = normality of 0 1 A iodine 


SODIUM FLU OSILI CATE 

See Fluorine Present as Sochum Fluosilicatc p 1878 above 


SULFENONE 

See Chlorine (Total) p 1860 and Chlorine or Bromine in Organic Com 
pounds p 1862 above 

SULFOTEPP 

See Phosphorus (Organic) p 1891 above 

TDE 

See Chlorine (Total) p 1860 and Chlorine and Bromine m Organic Com 
pounds p 1862 above 


TETRAETHYL PYROPHOSPHATE 

Apparatus Weighing Buret (S' to iUmf Capacity) 

Cylindrical Funnel —Approximately 1 in diameter by S in long packed with 
1 in of cotton 
pH Meter (Optional) 

Reagents Acetone, 2o% Solution in Water— Five hundred ml of acetone ACS 
grade arc mixed with 1500 ml of water and cooled to 2o D C 
Sodium Hydroxide, 0 I IV 
Hydrochloric Acid, 0 I /V 

Indicator Aqueous solution 0 1% of methyl red or chlorophenol red 
Amberlite IR-4B Resin —Analytical grade (from Resinous Products and Chemical 
Company Philadelphia Pa ) 

°* I uinished by the Methods Clearing House Committee of the Association of American 
Pesticide Control Officials Inc , 

25 Reproduced with permission from Official Methods of Analysis Association of lf 
Agricultural Chemists Inc Washington D C 



PESTICIDES 


1905 


Preparation and Use of Resin Column . —Weigh 30 g. of amberlite resin which 
has been previously screened to remove all particles under 30-mesh, slurry with 
water, and pour into a 100-ml. buret containing a small plug of glass wool at the 
bottom. Wash the resin column with 150 ml. of 3% aqueous sodium hydroxide 
solution at a flow rate of approximately 5 ml. per min., and then rinse with water 
at a flow rate of about 25 ml. per min. until the effluent is colorless to phenol- 
phthalein. Displace the water by trashing with 25% aqueous acetone solution. Do 
not allow the column to run dry, or channeling may result. Maintain the liquid 
level at all times approximately 1 in. above the resin bed. 

Expand the resin bed after each determination, and before introducing a new 
sample, because the resin tends to pack in the column as it absorbs acidic material. 
Accomplish this renovation simply by back-washing with 25% aqueous acetone, 
introduced by means of a large funnel and rubber hose at the base of the column 
until the liquid level reaches the top of the buret. After the resin settles, drain off 
to the customary height of 1 in. above the resin bed. The next sample may now 
be received in the column. 

After 8 to 10 samples have been passed through the column, it will be necessary 
to remove the adsorbed acidic material. Accomplish the regeneration of the resin 
by repeating the initial treatment with 3% aqueous sodium hydroxide, water, and 
25% acetone solution as described above. 

It is important before introducing a sample, to test the effluent from the column. 
If yellow, the column should be washed with 25% aqueous acetone until it is 
entirely colorless. 

Procedure. (I) For Purified or Technical Grades of Tetraethyl Pyrophosphate 
Not Mixed With a Solvent, Emulsifying Agent, Etc.— Transfer from a weighing 
buret, taking precautions to exclude atmospheric moisture, a 2.5-g. sample (1.0-g., 
if the tetraethyl pyrophosphate content is over 50%), weighed to the nearest milli- 
gram by difference, to 50 ml. of 25% aqueous acetone contained in a 125-ml. 
separatory funnel. Mix the sample with the acetone solution by swirling, and 
allow it to stand 15 min. at 25° ± 2°C. Run the sample solution through the 
column by gravity at a rate of approximately 25 ml. per min. Wash the column 
and funnel with three 50-ml. portions of 25% aqueous acetone, added successively, 
and maintain a 2.5-cm. liquid level above the resin at all times. 

Catch the combined effluent in a 250-ml. volumetric flask, dilute to volume with 
water, mix, and transfer a 100-ml. aliquot to a 250-ml. beaker. Add 50 ml. of 
0.1 N sodium hydroxide, stir well, and allow to stand at room temperature for 
30 min.; then back-titrate with 0.1 A r hydrochloric acid to a pH of 6.0, using a pH 
meter. Methyl red or chlorophenol red may be used as an indicator if a pH meter 
is not available. Calculate the percentage of tetraethyl pyrophosphate by use of 
the folloiving formula: 


Net milliliters of 0.1 A 7 NaOH X 0.0145 X 1.016 X 2.5 X 100 


weight of sample 


or net milliliters of 0.1 A" NaOH X 3.67 


weight of sample 


= percentage of tetraethyl pyrophosphate, 
= percentage of tetraethyl pyrophosphate. 


(II) For Formulations of Tetraethyl Pyrophosphate Containing an Organic Sol- 
vent With or Without an Emulsifying Agent.— Transfer from a weighing buret, 
taking precautions to exclude atmospheric moisture, a 2.5-g. sample, weighed to 
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the nearest milligram by difference to 50 ml of 25% aqueous acetone solution by 
swirling If an oil tends to separate out continue the swirling occasionally during 
lo min at 2 j ± 2°C Run the sample through a cylindrical funnel packed with 
1 in of cotton to absorb the oil and thence through the resin column at a rate 
of approximately 2o ml per min catching the effluent m a 250 ml volumetric flask 
Wash the separatory funnel the cylindrical funnel cont lining the cotton and the 
resin column with 3 successive oO ml portions ol 2 d° d iqueous acetone Maintain 
at all times a 2 5 cm liquid level above the resin Proceed from this point as 
duected m procedure (I) beginning Catch the combined effluent in a 2o0ml 
volumetric flask 

TETRAMETHYLTHIURAM DISULFIDE (THIRAM M ) 26 
Reagents and Apparatus Standard Sodium Sulfide Solution 0 0333 M (approxi 
tn dtely) —Prepare by dissolving 8 g of cp Na_S 9H o 0 in 202 ml of distilled v ater 
and filtering into 700 ml of c p methyl alcohol Sparge the reagent solution for 
30 mm with nitrogen vising a suitable fritted glass diiluser anil bubbling the nitro- 
gen through the first 2 scrubber solutions of the dispensing system (see Fig 395) 
Store the reagent solution in the reservoir of the automatic leveling buret main 
taming a slight nitrogen pressure in the dispensing system 

Thiram M, Recrystallized —Recrystallite the commercial product at least twice 
from a mixture of chloroform and methyl alcohol 
Acetone — c 1 or technical grade 

Nitrogen Atmosphere Dispensing System This should consist of a mercury 
U tube gas washing bottle containing silver salt scrubber solution gas washing 
bottle containing sodium sulfide reagent solution nitrogen and water reservoir 
and an automatic leveling buret 50 ml capacity For assembly and identification 
of the appiratus see Fig 39 5 

Silver Salt Scrubbing Solution —Prepare this solution vs follows dissolve 4 g 
of 2 vnthraquinonesulfomc acid sodium salt (Eastman #700) in 200 ml of hot 
distilled water cool and add 32 g of sodium hydrosulfitc reagent grade stir to 
dissolve and add 13 2 g of sodium hydroxide pellets This solution volume is 
capable of removing oxygen from about 2o0 I of nitrogen The solution is ex 
bans ted when its color changes from blood red to brown At this point remove 
from the line and add fresh solution 

Nitrogen Gas— A cylinder supply with necessary pressure reducing valve In 
structions are attached for manipulation of the dispensing system Caution —Care 
fully regulate the nitrogen pressure ahead of the needR valve so that it does not 
exceed 10 lbs 

pH Meter— Such as Beckman Laboratory AC Model H2 with No 700 adapter 
Use Beckman No 43462 sleeve type calomel electrode 
Procedure Standardization (See Note 1 below) (1) Accurately weigh 0 30 to 

0 io g ol recrystallized Thiram M and transfer to a clean and dry 400 ml beaker 
(2) Add 200 ml of acetone and swirl for several minutes to dissolve the Thiuram 
which dissolves slowly at room temperature (3) Titrate with the sodium sulfide 
standard solution using the pH meter and determine the end point by the differ 
ential method (second derivative equal to zero at the end point see Note 2) N° te 

■'ll Furnished by the Methods Clearing House Commiltre of the Association of American 

1 esUcide Control OJT cials Inc 
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Fig. 39-5. Apparatus for Nitrogen Blanketing and Dispensing of Sodium Sulfide Solution. 


the mv. reading at this point. (4) From the milliliters of sodium sulfide standard 
solution required to reach the stoichiometric point, calculate the solution factor, 
grams of active ingredient per milliliter of solution, by: 

weight of purified Thiram M 
milliliters of sodium sulfide reagent 

= grams of tetramethylthiuram disulfide per milliliter 

Determination.— (1) Accurately weigh 0.30 to 0.35 g. of sample, and proceed 
exactly as in steps (1) to (3) in the standardization, above. (2) From the milliliters 
of standard sodium sulfide solution required and the solution factor, calculate the 
percentage of tetramethylthiuram disulfide by: 


milliliters of sodium sulfide solution X factor X 100 
weight of sample 


= tetramethylthiuram disulfide 


Note 1.— The sodium sulfide standard solution, when blanketed with nitrogen, should 
be standardized each day determinations are made. Data have been obtained that indicate 
that a daily change in the solution factor is significant enough to necessitate this daily 
standardization. 

Note 2.— I or toutine analyses made immediately following, and under the same condi- 
tions as, the standardization titration, the titrations of the unknowns may be carried to 
the same mv. reading without significant error. For the highest accuracy, however, and 
lor inlet laboratory cross-checks the differential method for end point detection should 
be used. 


Manipulation of the Sodium Sulfide System. — (I) Filling the Buret. 
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to boiling, add 50 ml, of 10% potassium iodide solution, stir, and let stand over- 
night. Filter through a tight Gooch crucible containing 2 discs of S&S 589 white 
ribbon paper, covered by a medium pad of asbestos. Wash 4 or 5 times with 
10-ml. portions of 1% potassium iodide solution, and finally with absolute alcohol. 
Dry to constant weight at 105°C. (1 to V/ 2 hr.), and weight as thallous iodide. From 
this weight calculate the percentage of thallium as thallous sulfate, using a factor 
of 0.7619. 


THIODAN 29 

DETERMINATION IN TECHNICAL THIODAN AND 
FORMULATIONS 

Reagents. Standard Iodine Solution, 0.1 N. 

Standard Sodium Thiosulfate Solution, 0.1 N. 

Procedure .— Weigh out a sample of product large enough to contain 0.4 to 0.6 g. 
of Thiodan, and place in an 8-oz., screw-cap bottle or glass-stoppered flask. (Liquid 
formulations and technical Thiodan may be placed directly into 100 ml. of meth- 
anol for the hydrolysis step below.) 

Add 100 ml. methanol by pipet (hexane should be used for extraction when 
highly colored extracts are obtained). 

Shake for 15 min. by hand or on a reciprocating type shaker, 1 in. stroke, ap- 
proximately 280 cycles per min., and filter into a 100-ml. graduated cylinder. 

Transfer a 50-ml. aliquot by means of a pipet (with methanol extraction, pro- 
ceed directly with hydrolysis step). Transfer hexane extracts into a 250- or 500-ml. 
Erlenmeyer flask, and remove the hexane by evaporation to near dryness, by 
placing the flask on a hot water bath in a hood. 

Add 100 ml. of distilled methanol, 15 pellets of sodium hydroxide, and reflux 
gently for 2 hr. 

■Wash down the condenser with 20 ml. of methanol, and add 50 ml. of distilled 
water. Add 1 drop of 1% phenolphthalein, and neutralize with (1 +4) sulfuric 
acid. Add a few drops of dilute sodium hydroxide to restore the indicator color 
and prevent loss of sulfur dioxide. 

For the accurate determination of sulfite, it is necessary to add the sodium sulfite 
to an excess of acidified standard iodine solution and back-titrate the excess of 
iodine with thiosulfate. 

To a 500-ml. iodine flask, add approximately 35 ml. of standard 0.1 N iodine 
solution from a buret. Add 1 ml. of (1 + 4) sulfuric acid. While agitating on a 
magnetic stirrer, slowly pour in the sulfite solution. Rinse the flask well with small 
portions of distilled water until all sulfite has been transferred. (The washing pro- 
cedure should be continued until there is insufficient sulfite in the flask to bleach a 
small drop of iodine.) The final volume in the iodine flask should be 225 to 250 ml. 

Back-titrate the excess iodine with 0.1 A' thiosulfate, using 10 ml. of 0.2% starch 
solution as the indicator, and titrating to the disappearance of the blue color. 

Compare the iodine and thiosulfate solutions by titrating about 40 ml. of iodine 
solution added to 175 ml. of water and acidified with 1 ml. of (1 +4) sulfuric acid 
with thiosulfate, to the same starch end point used in the determination. This 
should be done each day analyses are made. Use the ratio to calculate the milli- 

29 f urnished by the Methods Clearing House Committee of the Association of American 
Pesticide Control Officials, Inc. 
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liters of iodine solution equivalent to the milliliters of thiosulfate consumed in the 
back titration, and subtract this to obtain the milliliters of iodine consumed by 
the Thiodan 
Calculation.— 


milliliters of 0 1000 V iodine X 2 035 
grams sample 


percentage of thiodan 


THIODAN 

TOTAL CHLORINE METHOD 

See Chlorine (Total) p 1860 and Chlorine and Bromine in Organic Com 
pounds ’ p 1862, above 


THIRAM 

DETERMINATION BY ULTRAVIOLET 
SPECTROPHOTOMETRY 

Reagents Thiram (Tctramethylthiuram Disulfide) —Melting point 148°C Mi) 
be purified by recry stalhzation from chloroform ethyl alcohol 

Standard Solution — 1 luram 10 ng per milliliter m chloroform Transfer 100 
mg thiram to a 100 ml volumetric flask make to volume with chloroform quanti 
tativcly dilute 5 ml to 50 ml and dilute 5 ml of this solution to 50 ml 

Procedure —Prepare a chloroform solution of the sample, aliquoting if necessary 
cont uning about 10 ng per milliliter of thiram Determine the absorbance at 
280 nut ot the sample and standard solutions with chloroform as the blank using 
a spectrophotometer and 1 cm silica cells Calculate the percentage of thiram Ironi 
the absorbances for the sample and the standard The absorbance for a solution 
containing 10 fig of thiram per milliliter is about 0 505 

The absorbance curve for the sample may be determined to aid in the ldentifi 
cation of thiram The absorbance from 285 m/t to 260 m/i is nearly constant with 
a slight maximum at 280 m/i Other substances, such as ziram, which absorbs at 
280 m/» interfere 


TOXAPHENE 

See Chlorine (Total)," p 1860, and ‘Chlorine or Bromine in Organic Com 
pounds,’ p 1862, above 

TRITHION 

See Phosphorus (Organic),” p 1891, above 

WARFARIN" 

This method is applicable for most bait materials, including pellet form baits 
and specially coated grains containing about 0 025% warfarin ^ 

Reagents. Sodium Pyrophosphate Solution.— Dissolve 5 g of Na 4 P 2 0 7 *l 2 

in 500 ml of water 
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Ethyl Ether-“Skellysolve B” Mixture.— Extract 200 ml. of “Skellysolve B” 3 times 
with 20-ml. portions of 1% sodium pyrophosphate solution, and prepare a 20 to 80 
mixture of ethyl ether and the treated “Skellysolve B.” 

Hydrochloric Acid Solution, 2.5 N. 

Procedure — Weigh 2 g. of finely ground sample into a 125-ml., glass-stoppered 
flask, and add 50 ml. of 1% sodium pyrophosphate solution. Shake for 1 hr. on 
a mechanical shaker. Transfer 30 to 35 ml. to a glass-stoppered centrifuge tube, 
and centrifuge for at least 5 min. Pipet 25 ml. into a second centrifuge tube, add 
5 ml. of 2.5 N HC1, followed by 50 ml. of ethyl ether-“Skellysolve B” mixture, and 
shake 5 min. If an emulsion forms, centrifuge for a few minutes. Pipet 20 ml. of 
the ether layer into another centrifuge tube, and add 10 ml. of 1% sodium pyro- 
phosphate solution. Shake for 2 min., and remove the ether layer. If the aqueous 
phase is not clear, centrifuge for a few minutes widi the stopper removed. Pipet 
a sufficient quantity (about 3 ml.) of the aqueous solution into a 1-cm., quartz cuvet, 
and determine its optical density at 308 m fi with a spectrophotometer, against 1% 
sodium pyrophosphate. 

Calculation.— 

Optical density-blank 30 ... 

__ X 0.025 = percentage of warfarin. 


WARFARIN 

METHOD FOR PRODUCTS CONTAINING ABOUT 0.5% 
WARFARIN IN CORNSTARCH 

Reagents. Ethylene Dichloride. 

1% Sodium Hydroxide Solution (0.25 N). 

Procedure — Weigh a 0.6-g. sample into a 125-ml., glass-stoppered flask, and add 
50 ml. of ethylene dichloride with a pipet. Shake on a shaking machine for at 
least 10 min. Transfer to a centrifuge tube, stopper, and centrifuge 5 min. at high 
speed, or until clear. 

Pipet 2 ml. of the ethylene dichloride extract into a glass-stoppered cylinder, add 
10 ml. of 1% NaOH solution with a pipet, and shake for 1 min. by hand. Prepare 
a blank solution in the same manner, using 2 ml. of ethylene dichloride in place 
of the extract. 

Decant the sodium hydroxide layer into a centrifuge tube, and centrifuge until 
clear. Pipet a sufficient amount of the alkali layer (approximately 3 ml.) into a 
quartz cuvet (1-cm. cell), and determine the optical density at 308 m/x, using a 
spectrophotometer. 

Calculation.— The optical density of a solution of 1 mg. of warfarin in 100 ml. 
of 1% sodium hydroxide was found to be 0.463, using the above procedure. If D 
is the optical density obtained, 

Percentage of warfarin - ( „ „ = ZX-9000) 

so Whenever possible, the specific bait material in the sample without warfarin should 
be evaluated for the most accurate warfarin value. 
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WARFARIN 

DETERMINATION OF SODIUM SALT (0 54%) IN MIXTURE 
WITH WHITE SAND 

Reagent 2% Sodium Pyrophosphate Solution 

Procedure -A\ eigh a 4 8g sample into a 1000ml volumetric flask add 500 ml 
of water shake to dissolve the sodium salt of warfarin make to volume with water 
and mix 

Pipet 5 ml in a glass stoppered tube add 5 ml of 2% sodium pyrophosphate 
solution Prepare a blank solution of 5 ml of 2% sodium pyrophosphate solution 
and 5 ml of water 

Pipet a sufficient quantity (about S ml ) of the sodium pyrophosphate solution 
into a 1 cm quartz cuvet and determine the absorbance at 308 using a spectro- 
photometer 

Calculation — 

Percentage of warfann - = *(. 5000) 

Percentage ofNa salt = percentage of warfarin X 1 071 


ZINEB 51 

( Parzate Zineb Fungicide) 

The method given for Terbam may be used lor Zineb the only difference being 
in the factor used m calculation Calculate the percentage of zinc ethylene bis 
dithiocarbamate as follows 


Percentage of zineb - 


(A - B)X NX 13 787 
sample weight (grams) 


where 4 — milliliters of 0 1 \ iodine in determination titration, 
B — milliliters of 0 1 ^ iodine in blank titration and 
\ - normality of 0 1 A iodine 


3i Furnished by the Met he ds Clearing House Committee of the Association of American 
Pesticide Control Officials Inc 
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PETROLEUM AND PETROLEUM 
PRODUCTS 1 

By Robert W. Chaffin and John D. Christena 

Rock Island Refining Corp. 

Indianapolis, Ind. 


FLASH POINT BY TAG CLOSED TESTER 2 

This method describes a test procedure for determining the flash point of all 
mobile liquids flashing below 175°F. (79°C.). The method is intended to be appli- 
cable to lacquer solvents and diluents of low flash point, but not products classed 
as fuel oil. 

Note.— For the determination of flash points of fuel oils, use ASTM Method D93, Test 
for Flash Point by Pensky-Martens Closed Tester, p. 1923. 

Outline of Method .— The sample is placed in the cup of the tester and, with the 
lid closed, heated at a slow constant rate. A small flame of specified size is directed 
into the cup at regular intervals. The flash point is taken as the lowest tempera- 
ture at which application of the test flame causes the vapor above the sample to 
ignite. 

Apparatus. Tag Closed Tester.— The Tag closed tester should consist of the test 
cup, lid with test flame, and liquid bath conforming to the following requirements: 

Test Cup , of brass or other nonrusting metal of equivalent heat conductivity and 
should conform to dimensional requirements prescribed in Table 40-1. It should 
weigh 68 ± 1 g. 


Table 40-1. Dimensional Requirements 


Depth of bath liquid surface below top of test cup 

Depth of sample surface below top of test cup 

Depth of bottom of bulb of test thermometer below top of cup 

when in place 

Inside diameter of test cup at top 

Diameter of bead on top of cover 

Diameter of opening in tip of test flame nozzle 

Outside diameter of tip of test flame nozzle 


1.094 ± 0.016 in. 

1 .156 =b 0.031 in. 

1.77 d= 0.03 in. 
2.125 ± 0.005 in. 
0.156 ± 0.031 in. 
0.049 ± 0.010 in. 
0.079 in. max. 


1 Most of the methods included in this chapter are Standards of the American Society 
foi I esting and Materials, and are reproduced with permission. 

2 Standardized as ASTM D56-61, and ASA No.: Z1 1.24-1961. 
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Lid —The lid comprises a cncle of nonrusting meul with a rim projecting down 
ward about % in (I o ( ) cm) a slide shutter a dewce which simultaneously opens 
the shutter and depresses the tip of the tube which carries fuel through to the test 
flame and a slanting collar in which the cup thermometer ferrule is inserted 
Figure 401 gives a diagram of the upper surface of the lid showing dimensions 
and positions of the three holes opened and 
closed by the shutter and the size and position 
of the opening for the cup thermometer 
The rim should fit the collar of the liquid 
bath with a clearance not exceeding 0 002 in 
(0 0a mm ) and should be slotted in such a 
manner as to press the lid firmly down on the 
top of the cup when the latter is in place in 
the bath When this requirement is not met 
the vertical position of the cup in the bath 
should be suitably adjusted as by placing a 
thin ring of metal under the flange of the cup 
The shutter should be of such size and shape 
that n covers the three openings in the ltd 
when in the closed position and uncovers them 
completely when in the open position The 
nozzle of the flame exposure device should con 
form to the dimensions given in Table 401 
I he device shall be designed and constructed 
so that opening the shutter depresses the tip to 
a point approximately 0 08 in (2 mm) to the 
right of the horizontal center of the middle 
opening of the lid (Refer to Fig 40 2) This 
will bring the test flame to the approximate 
center of the opening The plane of the under 
side of the lid should be between the top and 
bottom of the opening in the tip of the flame 
exposure device when the latter is fully de 
pressed 

The collar for the cup thermometer ferrule 
should be set at an angle which permits place 
ment of the thermometer with its bulb approxi 
mately m the horizontal center of the cup at a 
depth prescribed in Table 40 1 
Liquid Bath, conforming to the limiting or minimum dimensions shown in Fig 
40 2 It should be of brass copper or other noncorroding metal of substantial 
construction Sheet metal of about No 20 B 8c S gage is satisfactory It mav if 
desired be lagged with heat insulating material to facilitate control of temperature 
Heater of any type (electric gas alcohol etc) capable of controlling temperature 
as required under Procedure (below) An external electric heater controlled by a 
variable voltage transformer is recommended 

Bath Stand —For electric heating any type of stand may be used For alcohol 
lamp or gas burner a stand as illustrated in Fig 40 3 to protect the flame from 
air currents (unless tests can be made in a draft free room) is required 



B - 0 188 
C - 0594 
0 - 0469 
E - 0406 


All D tensions OOOS 
Unless Otherwise Shown 



I ic 40 1 Top of Lid Showing Po 
snion and Dimensions of Openings 
(Dimensions Relating to tire Size 
and Position of the Thermometer 
Colin \re Recommended but Not 
Mandator) ) 
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Shield.— A shield 18 in. (46 cm.) square and 24 in. (61 cm.) high, open in front, 
is recommended. 



Thermometers.— For the test cup thermometer, use one as prescribed in Table 
40-2. For the bath thermometer, any convenient type which has an adequately 
open scale covering the required range may be used; it is often convenient to use 
the same type of thermometer as used in the test cup. 


Table 40-2. Thermometers 


For Tests 

Below 40°F. 

At 40 to 120°F. 

Above 120°F. 


(4°C.) 

(4 to 49°C.) 

(49 °G.) 

Use ASTM Thermometer “ . . . . 

57F. or 57 G. 

9F. or 9C. 57F. 

9F or 9C. 



or 57 C. 



° Complete specifications for these thermometers are given in ASTM Standard E 1-61. 


Note.— Whenever thermometers complying with ASTM requirements are not available, 
thermometers complying with the requirements for The Institute of Petroleum thermom- 
eter IP 15I\ P.M.-Low may be used. 

Checking Condition and Operation of Tag Closed Testers. Material.— p-Xylene, 
conforming to the following requirements: 

Specific gravity (60/60°F.) 0.860 minute. 0.866 max. 

Boiling range 2°C. max. from start to dry point, when tested by ASTM Method 

D850, Test for Distillation of Industrial Aromatic Hydrocarbons, or Method D1078, 
Test for Distillation Range of Lacquer Solvents and Diluents. The range shall in- 
clude the boiling point of pure p-xylene, which is 138.35°G.(281.03°F.). 
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Puntv 95% minimum, calculated in accordance with A5TM Method D1016, Test 
for Determination of Purity from Freezing Points of High-Purity Compounds, from 
the experimentally determined freezing point, measured by ASTM Method D1015 
Test for Measurement or Freezing Points of High-Pun t> Compounds for Evaluation 
of Purity 



Procedure —Determine the flash point of the pxy lerre, following the directions 
gnen below When the tester is operating properly, a salue of 81 ± 1 ^ 
(27 2 ± 0 G'C ) will be obtained 
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Sample .— Erroneously high flash points may be obtained if precautions are not 
taken to avoid the loss of volatile material. Containers shall not be opened un- 
necessarily and transfers shall not be made unless the sample temperature is at 
least 20°F. (11°C.) below the expected flash point. Samples in leaky containers 
shall be discarded. 

Preparation of Apparatus .— Support the tester on a level steady table. Unless 
tests are made in a draft-free room or compartment, surround the tester on three 
sides by the shield for protection from drafts. Tests made in a laboratory draft 
hood or near ventilators are not to be relied upon. 

Gas is recommended for the test flame. If gas is not available, insert a wick of 
cotton in the burner tip, place small quantity of cotton waste in the chamber to 
which the burner tip is attached, and fill the chamber with signal, sperm, or lard oil. 

Procedure .— For flash points of 55°F. (13°C.) or higher, fill the bath with water 
until it starts to overflow. For lower flash points, use as the bath liquid a mixture 
of water and ethylene glycol (permanent-type radiator antifreeze) or any other 
suitable liquid of low viscosity and suitably low freezing point (Note). The tem- 
perature of the liquid in the bath shall be at least 20°F. (11°C.) below the expected 
flash point at the time of introduction of the sample into the test cup. Do not 
cool the bath liquid by direct contact with carbon dioxide or Dry Ice. Place the 
test cup in position in the bath. 

Note.— Due to possible difficulty in maintaining the prescribed rate of temperature rise 
and due to the formation of ice on the lid, results by this method for samples having 
flash points below 32°F. (0°C.) may he somewhat unreliable. Trouble due to ice forma- 
tion on the slide may be minimized b) carefully lubricating the slide shutter with high- 
\acuum silicone lubricant. 

Using a graduate and taking care to avoid wetting the cup above the final liquid 
level, measure 50 ± 0.5 ml. of the sample into the cup, both the sample and gradu- 
ate being precooled, if necessary, so that the sample temperature at the time of 
measurement will be 60 ± 10°F. (16 ± 5.6°C.) or at least 20°F. (11°C.) below the 
expected flash point, whichever is lower. It is essential that the sample temperature 
be maintained at least 20°F. (11°C.) below the expected flash point during the 
transfers from the sample container to the graduate and from the graduate to the 
test cup. Destroy air bubbles on the surface of the sample. Wipe the inside of 
the cover with a clean cloth or absorbent tissue paper; then attach the lid, with the 
thermometer in place, to the bath collar. 

Light the test flame, adjusting it to the size of the small bead on the cover. 
Adjust the heat so that the temperature of the sample will rise at a rate of 1°F. 
(0.6°C.) per 30 ± 3 seconds. 

When the temperature of the sample in the test cup is 10°F. (5.6°C.) below its 
expected flash point, operate the mechanism on the cover in such a manner as to 
introduce the test flame into the vapor space of the cup, and immediately bring 
it up again. The time consumed for the full operation shall be about 1 second, 
or the time required to pronounce distinctly the words ‘‘thousand and one.” Avoid 
any jerkiness in the operation of depressing and raising the test flame. 

Repeat the application of die test flame after each 1°F. (0.6°C.) rise in tempera- 
ture of the sample in the test cup, discontinuing the test and removing the source 
of heat when a distinct flash is observed in the interior of the cup. Do not confuse 
the true flash with the bluish halo which sometimes surrounds the test flame during 
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applications immediate!) preceding the actual flash Record the temperature of 
the sample when the flash point is reached 

Lift the lid and wipe off the thermometer bulb Remo\ e the sample cup empt) 
and wipe dr) 

If at an) time between die first introduction of the test flame and the observation 
of die flash point the rise in temperature of the sample is not within the range 
1 F (0 6 C ) per 30 ± 3 seconds or if the actual flash point differs from the expected 
flash point by an amount greater than the applicable repeatabilit) limit (see 
Precision below) discard the result and repeat the test adjusting the source ol 
heat to secure the proper rate of temperature rise and/or using a modified e\ 
pccted flash point as required 

Note Never make a repeat test on the same portion of sample once used ah ajs take 
a fresh poruon of sample for each test 

Correction for Barometric Pressure —Observe and record the barometric pressure 
at the time of the tests When the pressure differs from 760 mm of mercur) cor 
rect the flash point b) means of the following equation the corrected flash point 
being recorded to the nearest whole number 

Corrected flash point = F + 0 06(760 — P) 

where F = observed flash point in degrees Fahrenheit and 
P = barometric pressure in millimeters of mercury 

Precision— The following data should be used for judging the acceptability of 
results (9o% probability) 

Duplicate results b) the same operator should be considered suspect if they differ 
by more than 2°F (1 ll'C) 

1 lie result submitted b) one laboratory should not be considered suspect unless 
it differs from that of anotver laboratory by more than the following amounts 

Flash Point Reproducibility 

Below 55°F (12 8°C) 6°F (3 3°C) 

55°F (12 8°C ) or above 4°F (2 2°C ) 

IXASH AND FIRE POINTS BY CLEVELAND OPEN CUP 3 

This method describes a test procedure for determining the flash and fire points 
of all petroleum products except fuel oils and those having an open cup flash below 
17o°F (79°C ) 

Note —This method mav occasional!) be specified for the determination of the fire point 
of a fuel oil For the determination of the flash points of fuel oils use ASTM Method 
D93 Test for Flash Ioint b) Means of the Pensk) Martens Closed Tester ASTM Afetlod 
D93 should also be used when it is desired to determine the possible presence of small 
but significant concentrations of lower flash point substances which mav escape detection 
b) Method D92 ASTM Method D1310 Test for Tlash Ioint of Volatile Flammable 
Materials b) Tag Open Cup Apparatus maj be employed if the flash point is below 1/»*F 
(<9°C ) as determined b) Method D92 

Outline of Method — T he test cup is filled to a specified level with sample The 
temperature of the sample is increased fairly rapidly at first and then at a slow 

a Standardized as ASTM D92 a7 and AS V \o ZI1 6 19a7 
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constant rate as the flash point is approached. At specified intervals a small test 
flame is passed across the cup. The lowest temperature at which application of the 
test flame causes the vapors above the surface of the liquid to ignite is taken as the 
flash point. To determine the fire point, the test is continued until the application 
of the test flame causes the oil to ignite and burn for at least 5 seconds. 



Fig. 40-4. Cleveland Open Cup. 


Apparatus. Cleveland Open Tester.— The apparatus consists of the test cup, 
heating plate, test flame applicator, heater, and supports as described in detail 
below. The assembled apparatus and heating plate are illustrated in Figs. 40-4 and 
40-5, respectively. 

Test Cup, conforming to the dimensional requirements shown in Fig. 40-4 and 
Table 40-3. The cup may be equipped with a handle. 
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Table 40 3 Dimensional Requirements for Cleveland Open Flash Clip 


Inches 



Min 

Nor 

mal 

Max 

Inside diameter immediately below 




filling mark 


2> 


Outside diameter below flange 

Inside height from center of bottom 

2| 1 



to rim 

l/a 


1 5 i 

*1 hickness of bottom 



ST 

Distance from rim to filling mark 

Distance lower surface flange to bottom 


■S' 

ST 

of cup 

Vertical distance upper surface 

lyiT 

17 

4V 

flange to rim 



ST 

Thickness of nm 


1TJ 

-A 

Width of loner surface of flange 



1 
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Heating Plate— A brass, cast iron, wrought iron, or steel plate with a center hole 
surrounded by an area of plane depression, and a sheet of hard asbestos board 
which covers the metal plate except over the area of plane depression in which 
the test cup is supported. The essential dimensions of the heating plate are shown 
in Fig. 40-5; however, it may be square instead of round, and the metal plate may 
have suitable extensions for mounting the test flame applicator device and the 
thermometer support. Also, a metal bead, as mentioned in the following paragraph, 
may be mounted on the plate so that it extends through and slightly above a 
suitable small hole in the asbestos board. 

Test Flame Applicator .— The device for applying the flame may be of any suitable 
type, but it is suggested that the tip be approximately Vie in. (0.159 cm.) in diameter 
at the end, and that the orifice be %2 in. (0.08 cm.) in diameter. The device for 
operating the test flame may be mounted in such a manner as to permit automatic 
duplication of the sweep of the test flame, the radius of swing being not less than 
6 in. (15 cm.) and the center of the orifice being supported so that it swings in a 
plane not greater than %4 in. (0.20 cm.) above the plane of the rim of the cup. 
It is desired that a bead, having a diameter of ± %2 in. (0.4 ± 0.08 cm.) be 
mounted in a convenient position on the apparatus so that the size of the test 
flame can be compared to it. 

Heatei .— Heat may be supplied from any convenient source. The use of a gas 
burner or alcohol lamp is permitted, but under no circumstances are products of 
combustion or free flame to be allowed to come up around the cup. An electric 
heater controlled by a variable voltage transformer is preferred. The source of 
heat shall be centered under the opening of the heating plate with no local super- 
heating. Flame-type heaters may be protected from drafts or excessive radiation 
by any suitable type of shield that does not project above the level of the upper 
surface of the asbestos board. 

Thermometer Support— Any convenient device may be used which will hold the 
thermometer in the specified position during a test and which will permit easy 
lemoval of the thermometer from the test cup upon completion of a test. 

Heating Plate Suppoit— Any convenient support which will hold the heating 
plate level and steady may be employed. 

Shield— A shield 18 in. (46 cm.) square and 24 in. (61 cm.) high, open front, is 
recommended but not required. 

Thcunometei .—An ASTM Open Flash Thermometer No. 11°F. (11°C.) having 
a range of 20 to 760°F. (—6 to +400°C.) and conforming to the requirements in 
ASTM Specifications E 1 is required. 

Note.— 5Vhene\ er thermometers compl)ing with ASTM requirements are not available, 
thermometers complying with the requirements for The Institute of Petroleum theimom- 
eter IP 28F Cle\ eland may be used, provided that the scale erior has been found to complv 
with ASTM requirements, or calibiation corrections are used. r 7 

Preparation of Apparatus.-Support die tester on a level steady table in a draft- 
fiee room or compartment. Shield the top of the tester from strong light by any 
suitable means to permit ready detection of the flash point. Tests made in a 
laboratory hood (see Note) or any location where drafts occur are not to be relied 
upon. During the last 30°F. (17°C.) rise in temperature prior to the flash point, 
care must be taken to avoid disturbing the vapors in the test cup by careless move- 
ments or breathing near the cup. 
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Barometric 

Correction 

pressure, mm. 



of mercury 

deg. Fahr. 

deg. Cent. 

715 to 635 

5 

2.8 

634 to 550 

10 

5.5 


Precision .— The following data should be used for judging the acceptability of 
results (95% probability). 

Duplicate results by the same operator should be considered suspect if they differ 
by more than the following amounts: 


Repeatability 

Flash point 15°F. (8.3°C.) 

Fire point 10°F. (5.5°C.) 

The result submitted by one laboratory should not be considered suspect unless 
it differs from that of anodier laboratory by more than the following amounts: 

Reproducibility 

Flash point 30°F. (16.7°C.) 

Fire point 20°F. (11.1°C.) 

FLASH POINT BY PENSKY-MARTENS CLOSED TESTER 4 

This method of test describes a procedure for determining the flash point by 
Pensky-Martens closed tester of fuel oils as well as viscous materials and suspensions 
of solids, unless the use of another method is specified. This procedure is not 
applicable to drying oils, solvent-type liquid waxes, or cutback asphalts. 

Noti: 1.— The flash point of cutback asphalts may be determined by Method D1310, 
Test for Flash Point of Volatile Flammable Materials by Tag Open-Cup Apparatus. 

Note 2— This method may be employed for the detection of contamination of lubri- 
cating oils by minor amounts of volatile material. 

Outline of Method .— The sample is heated at a slow, constant rate with continual 
stirring. A small flame is directed into the cup at regular intervals with simulta- 
neous interruption of stirring. The flash point is the lowest temperature at which 
application of the test flame causes the vapor above the sample to ignite. 

Apparatus. ASTM Pensky-Martens Tester as described in Specifications E134, 
for Pensky-Martens Closed Flash Tester. 

Thermometers.— Two standard thermometers should be used with the ASTM 
Pensky-Martens tester, as follows: 

For tests in which the indicated reading falls within the limits 20° to 220°F., in- 
clusive, an ASTM Pensky-Martens Low Range or Tag Closed Tester Thermometer 

•» Standardized as ASTM D93-61 and ASA No.: Z1 1.7-1958. 
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having a range of —5 to -fllO'C or 20 to 230°F and conforming to the requite 
ments for thermometers 9G and 9F as prescribed in ASTM Specifications El should 
be used 

For tests in which the indicated reading tails within the limits 220 to TOOT an 
ASTM Penshy Martens High Range Thermometer having a range of 90 to 370 C 
or 200 to 700°F and conforming to the requirements for thermometers IOC and 
10F as prescribed in ASTM Specifications El should be used 

The flash point as determined by means of thermometer 9F or 9C should govern 
with respect to establishing if thermometer 10F or IOC is to be employed 

Note— 'W henever (hermomctcis complying with ASTM i equirements are not available 
thermometers complying with the coi responding tequiremenis ot the Institute of Petto 
leuin IP 15F (or 15C) I’M— Low or IP 16F (or 1GG) PM— High may he used 
Calibration corrections arc to he used in temperature ranges where the IP requirements 
for scale accuracy are less stringent than those of ASTM 

Preparation of Apparatus —Support the tester on a level, steady table Unless 
tests are made in a draft free room or compartment, it is good practice, but not 
required, to surround the tester on three sides with a shield, each section of which 
is about 18 in (46 cm ) wide and 24 in (61 cm ) high 

Preparation of Sample —If the sample displays a haze or contains free water, 
bring it to a temperature at least 30’F (16°G ) below its flash point and filter it 
through qualitative filter paper into a previously dried and cool container For 
viscous samples it may be preferable to filter the sample through a loose plug of 
absorbent cotton 

The sample free of undissolvcd water, shall be brought to a temperature at 
least 30°F (I6°C ) below its expected flash point 

Procedure —Thoroughly clean and dry all parts of the cup and ns accessories 
before starting the test Take particular care to remove any gasoline or naphtha 
which had been used to clean the apparatus Fill the cup with the oil to be tested 
to the level indicated by the filling mark Place the lid on the cup and set the 
latter m the stove Take care to have the locking device properly engaged Insert 
the thermometer Light the test flame and adjust it to %2 in (4 mm ) m diameter 
Supply heat at such a rate that the temperature as read on the thermometer m 
creases 9 to 1 1°F (5 to 6°C ) per minute Turn the stirrer 90 to 120 r p in , stirring 
ill a downward direction 

If the sample is known to have a flash point of 220°F or below, apply the test 
flame when the temperature of the sample reaches 18°F (10°C) below the expected 
flash point, and thereafter at each temperature reading that is a multiple of 2°F 
(1®C) The test flame is applied by operating the mechanism on the cover which 
controls the shutter and test flame burner so that the flame is lowered into the 
vapor space of the cup in 0 5 second left in us lowered position for I second and 
quickly raised to its high position Discontinue stirring while applying the test 
flame 

If the sample is known to have a flash point above 220°F , apply the test flame 
in the manner just prescribed at each temperature that is a multiple of 5°F (2°0) 
beginning at a temperature of 30°F (16®C ) below the expected flash point In 
order to maintain the test flame, it may be necessary to lower it into the vapor 
space of the cup in 1 second 

Record as the flash point the temperature read on the thermometer at the time 
the test flame application causes a distinct flash in the interior of the cup Some 
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times the test flame during application is surrounded with a bluish halo as the 
flash point temperature is approached. Do not confuse the true flash with this halo. 

DETERMINATION OF FLASH POINT OF SUSPENSIONS 

OF SOLIDS 

Procedure .— Bring the material to be tested and the tester to a temperature of 
CO ± 10°F. (15 ± 5°C.) or 20°F. (11 °C.) lower than the estimated flash point, which- 
ever is lower. Completely fill the air space between the cup and the interior of the 
air bath with water at the temperature of the tester and sample. Turn the stirrer 
250 ± 10 r.p.m., stirring in a downward direction. Raise the temperature through- 
out the duration of the test at a rate of not less than 2 nor more than 3°F. (1 to 
1.5°C.) per min. With the exception of these requirements for rates of stirring 
and heating, proceed as prescribed in the preceeding section. 

Note.— Solid carbon dioxide (C0 2 ) (Dry Ice) shall in no case be used to obtain the 
proper rate of temperature rise, since C0 2 has a blanketing effect which leads to a false 
flash point. 

Barometric Pressure.— Observe and record the barometric pressure. No correc- 
tion shall be made except in case of dispute when the result shall be corrected on 
the following basis: for each inch (25 mm.) below 29.92 in. (760 mm.) barometric 
reading, add 1.6°F. (0.9°C.) to the flash point; for each inch (25 mm.) above 29.92 
in. (760 mm.) barometric reading, subtract 1.6°F. (0.9°C.) from the flash point. 

Precision.— The following data should be used for judging the acceptability of 
results (95% Probability): 

Repeatability .— Duplicate results by the same operator should be considered 
suspect if they differ by more than the following amounts: 


Material 

Flash Point 
Range 

Repeat- 

ability 

Suspensions of solids 

95 to 110°F. 

4°F 

All others 

| Below 220°F. 

4°F. 


1 Above 22b °F. 

20°F. 

! 


Reproducibility.— The results submitted by each of two laboratories should be 
considered suspect if they differ from each other by more than the following 
amounts: 


Material 

Flash Point 
Range 

Repro- 

ducibility 

Suspensions of solids 

95 to 110°F. 

6°F. 

All others 

! Below 220°F. 

6°F. 


[Above 220°F. 

25 °F. 
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API GRAVITY OF PETROLEUM AND ITS PRODUCTS 5 

HYDROMETER METHOD 

This method describes a procedure for the determination by means of a glass 
hydrometer of the API gra\ it) (in vacuum) of crude petroleum and of petroleum 
products normally handled as liquids and having a Reid vapor pressure of 26 lb 
or less Results are determined at 60°F or converted to values at 60°F by means 
of standard Tables 

Note —T he procedure for measurement of specific gravity 60/60°F by hydrometer is 
described in ASTM Method D1298 For measurement of specific gravity 77/77 for roal 
oils road tars asphalt cements and soft tar pitches see ASTM Method D70 for measuie 
ment of specific gravity 77/77®F of haid penetration psphalt sec ASTM Method D71 for 
measurement of specific gravity 15 36/15 56°C of industual aromatics see ASTM Methol 
D891 for measurement of density of hvdrocarlxm liquids see ASTM Method D941 for 
measurement of density and specific gravity of liquids by Bingham Pycnometer see ASTM 
Method DI217 

Definition API Gravity is defined by the following equation 
141 5 

API Gravity deg 2r\ / 77£F ~ 131 5 

sp gr 60/60° F 

Apparatus —The following apparatus is required 

Hydrometers, of glass graduated in degrees API (m vacuum) as listed in Table 
40 4 and conforming to the Tentative Specifications for ASTM Hydrometers (ASTM 

Table 40 4 Available API Hydrometers 


ASTM 

Designation 

Type 

API Range 

Total , 

Each 

Hydrometer 

1H to 10H ' 

long plain form 

-1 to 101 

12 

21H to 40H ; 

short plain form 

0 to 101 

6 

51 H to 60H 1 

thermo hydrometer 

-1 to 101 

12 

71H to 74H 

thermo-hydrometer 

-1 to 41 

12 


Designation E100) For referee testing of petroleum products the long plain form 
of hydrometer (IH to 10H) should be used 
Thermometers having a range of —5 to +215°F and conforming to the require 
ments foT Thermometer 12F as prescribed m ASTM Specifications El 

Hydrometer Cylinders, made of metal clear glass or plastic For convenience 
in pouring the cylinder may have a lip on the rim The inside diameter of the 
cylinder shall be at least 25 mm greater than the outside diameter of the hydrom 
eter used in it The height of the cylinder shall be such that the length of t e 

* Standardized as ASTM D287 55 and ASA No Zll 31 1955 
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column of sample it contains is greater by at least 25 mm. than the portion of the 
hydrometer which is immersed beneath the surface of the sample. 

Temperature of Test .— The gravity determined by the hydrometer method is 
most accurate at or near the standard temperature of 60°F.; use this or any other 
temperature between 0 and 195°F. for test so far as it is consistent with the type 
of sample and necessary limiting conditions shown in Table 40-5. 


Table 40-5. Limiting Conditions and Test Temperatures 


Sample Type 

Gravity 

Limits 

Initial Boiling 
Point Limits 

Other Limits 

Test Temperature 

Highly volatile 

Lighter than 
70° API 

— 

— 

Cool to 35 °F. or lower in 
original closed container 

Moderately volatile 

Heavier than 
70° API 

Below 250°F. 

— 

Cool to 65 °F. or lower in 
original closed container 

Moderately volatile and viscous 

Heavier than 
70° API 

Below 250 °F. 

Viscosity too 
high at 65 °F. 

Heat to minimum tem- 
perature for sufficient 
fluidity 

Nonvolatile 

Heavier than 
70° API 

Above 250°F. 


Any temperature between 
0 and 195 °F. as con- 
venient 

Mixtures of non-petroleum with 
petroleum products 



i 

60 ± 0.2S°F. 


Procedure .— Adjust the temperature of the sample in accordance with Table 40-5. 
The hydrometer cylinder and thermometer shall be at approximately the same tem- 
perature as the sample to be tested. 

Pour the sample into the clean hydrometer jar without splashing, so as to avoid 
the formation of air bubbles and to reduce to a minimum the evaporation of the 
lower-boiling constituents of the more volatile samples. For the more volatile 
samples, transfer to the hydrometer cylinder by siphoning. Remove any air bub- 
bles formed, after they have collected on the surface of the sample, by touching 
them with a piece of clean filter paper before inserting the hydrometer. Place the 
cylinder containing the sample in a vertical position in a location free from air 
currents. Take precautions to prevent the temperature of the sample from chang- 
ing appreciably during the time necessary to complete the test. During this period, 
the temperature of the surrounding medium should not change by more than 5°F. 

Lower the hydrometer gently into the sample and, when it has settled, depress 
it about two scale divisions into the liquid and then release; keep the rest of the 
stem dry, as unnecessary liquid on the stem changes the effective weight of the 
instrument, and so affects the reading obtained. With samples of low viscosity, a 
slight spin imparted to the instrument on releasing assists in bringing it to rest, 
floating freely away from the walls of the hydrometer cylinder. Allow sufficient 
time for the hydrometer to become completely stationary and for all air bubbles 
to come to the surface. This is particularly necessary in the case of die more vis- 
cous samples. 

When the hydrometer has come to rest, floating freely, and the temperature of 
the sample is constant to 0.2°F., read the hydrometer to the nearest scale division. 
The correct reading is that point on the hydrometer scale at which the surface of 
the liquid cuts the scale. Determine this point by placing the eye slightly below 
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the level of the liquid and slowly raising it until the surface, first seen as a dis 
torted ellipse appears to become a straight line cutting the hydrometer scale 

To make a reading with nontransparent oils obsene the point on the hydrom 
eter scale to which the sample rises above its main surface placing the eye slightly 
above the plane surface of the liquid This reiding requires a correction Deter 
mine this correction for the particular hydrometer in use by observing the height 
above the mam surface of the liquid to which the oil rises on the hydrometer scale 
when the hydrometer in question is immersed in a transparent oil having a surface 
tension similar to that of the $ tmple under test 

Observe the temperature of the sample to the nearest 0 25°F immediately be 
fore and after the obsenation of the gravity the liquid in the cylinder being thor 
oughly but cautiously stirred with the thermometer the whole of the mercury thread 
being immersed Should these temperature readings differ by more than 1’F re 
peat the temperature and gravity observations when the temperature of the sample 
ins become more stable Record the mean of the thermometer reading before aid 
ifter the fin'll hydrometer reading to the neirest degree Fahrenheit as the tem 
perature of the test 

Note— W hen thermo hy drome te>s are used stu ihe sample by caiefully raising an I 
lowering the hydrometer It is sausfacioiv in this case to read the thermometer stale after 
the hydrometer reading has been obsened Because the thermometer incorporated in the 
Indiometer possesses certain inherent delects ol design the precision of the reported value 
will be pooier than that described below 

Calculation —When gravtttes have been observed on opaque liquids by the pro 
cedure given above subtract the correction in degrees API from the hydrometer 
reading obsened 

Correct all hydrometer readings to GOT using Table 5 Reduction of Ob 
served API Gravity to API Gravity at 60°F of the ASTM IP Petroleum Measure 
ment Tables (American Edition) « 

Note— The interconversion of API gravity to specific gravity is given in Table 3 API 
Ciavity at GOT to Specific Gravity at 60°l and to Density at 15°C of the ASTM IP 
Petroleum Measurement Tables (American Edition) 6 

Equivalent results cm be obtained by determining specific gravity 60/60°F ac 
cording to Method D1298 and converting the results to API Gravity it G0°F by 
means of Table 3 of the ASTM IP Petroleum Measurement Tables (American Edi 
tion) b 

VwaeMt/h—Xhtt Wtot »vwg ■civitv.-a 'hcvclcL 'i/t r etn yulcgntfr 'hr- Jubt\ 
of results obtuned at temperatures differing from 60°F by less than !8°F 

Repeatability Reproducibility 

Duplicate Results by Average of Tito Results 
the Same Operator m Each of Tito Laboratories 
Degree API 0 2 0 5 

« Published jointly by and available from the American Society for Testing an( j 
Materials 1910 Race St Philadelphia 3 and the Institute of Pen oleum 26 Portia"^ 
Place London 1 Companion volumes— the British Edition and the Metric Edit icin’" 
arealso available These tables supersede all other similar tables pievioush published 
either of these Societies and the National Bureau of Standards Circular C-HO and 
Supplement to Circular C HO 
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DISTILLATION OF PETROLEUM PRODUCTS ' 

This method of test is intended for use in the distillation of motor gasolines, 
aviation gasolines, aviation turbine fuels, naphthas, kerosines, gas oils, distillate 
fuel oils, and similar petroleum products. 

Note 1.— For the distillation of natural gasoline, see the Method of Test for Distillation 
of Natural Gasoline (ASTM Designation: D216). 

Note 2.— For the distillation of atiation tut bine fuels and other products of such wide 
boiling range that the low distillation thermometer specified in Group 3 of Table 40-6 
is inadequate, this method may be applied by substituting the high distillation ther- 
mometer, together with the other test conditions specified in Group 3. (See section on 
Calculations and Reporting, p. 1937.) 

Definitions. Initial Boiling Point.— The thermometer reading which is observed 
at the instant that the first drop of condensate falls from the lower end of the 
condenser tube. 

End Point.— The maximum thermometer reading attained during the test, which 
usually occurs after the evaporation of all liquid from the bottom of the flask. 
The term “maximum temperature” is a frequently used synonym. 

Dry Point.— The thermometer reading which is observed at the instant the last 
drop of liquid evaporates from the lowest point in the flask. Any drops or film 
of liquid on the side of the flask or on the thermometer are disregarded. 

Note 3.— The end point, rather than the dry point, is intended for general use. The 
dry point may be reported in connection with special purpose naphthas, such as used in 
the paint industry’. Also, it should be substituted for the end point whenever the sample 
is of such a nature that the precision of the end point cannot consistently meet the 
standard requirements now used. 

Decomposition Point.— The thermometer reading which coincides with the first 
indications of thermal decomposition of the liquid in the flask. 

Note.— C haracteristic indications of theimal decomposition arc an evolution of fumes, 
and erratic thermometer readings which usually show a decided decrease after any attempt 
is made to adjust the heat. 

Per Cent Recovered.— The volume in milliliters of condensate observed in the 
receiving graduate, in connection with a simultaneous thermometer reading. 

Per Cent Recovery.— The maximum per cent recovered, as observed in accord- 
ance with Procedure, p. 1936. 

Per Cent Total Recovery.— The combined per cent recovery and residue in the 
flask, as observed in accordance with Procedure, p. 1936. 

Per Cent Loss.— 100 minus the per cent total recovery. 

Per Cent Residue.The per cent total recovery minus the per cent recovery, or 
the volume of residue in milliliters if measured directly. 

Per Cent Evaporated.— The sum of the per cent recovered and the per cent loss. 

Outline of Method.— A 100-ml. sample is distilled under prescribed conditions 
which are appropriate to its nature (Table 40-7). Systematic observations of ther- 
mometer readings and volumes of condensate are made, and from these data, the 
results of the test are calculated and reported. 

• Standaidized as ASTM D86-61 and ASA No.: Zll. 10-1961. 
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Apparatus —Typical assemblies o£ the apparatus are shown in Figs 40 6 and 
40 7 

Distillation Flasks.— Construction details and tolerances for flasks A and B are 
gi\en tn Fig 40 8 

Condenser and Cooling Bath.— Topical appro\ed types of condenser and cooling 
bath are included in Figs 40 6 and 40 7 


Table 40-6 Test Conditions 



Group 1 

Group 2 

Group 3 

Group 4 

Sample characteristics 

Vapor pressure at 100®F tb 
(Reid Method ASTM 
D3I3*) 

9 5 or above 

Below 9 5 

Below 9 5 

Below 9 5 

| Initial Boiling 



212°F (100°C) 

Above 212°F 

Distillation f Point b 
l End Point b 

482®F (250°C ) 1 

482'F (250®C ) 

or below 
Above 482®F 

(100*0 ) 
Above 482°F 



or below 

(250°C ) 

(250°C ) 

Preparation ol apparatus 
Thermometer ASTM Distil 
lation 

Low 7F (7C) 

Low 7F (7C) 

Low 7F (7C) 

High 8F(SC> 

D ameter of Hole in Flask 
Support in 

1 23 

1 25 

20 

20 

Temperature at start of test 
Flask and thermometer 

55 to 65°F 

55 to 65 ®F 

55 to 65®F 

Not above 


113 to 18°C ) 

(13 to 18®C ) 

(13 to 18°C ) 

ambient 

Flask support and shield 

Not above 


Not above 


Graduate and 10O-ml charge 

ambient 

55 to 6S®F 

ambient 

SS to 65 e F 

ambient 

55 to 65®F 

55®F <1J“C> 


(13 to 18°C ) 

(13 to 18®C ) , 

(13 to 18®C > 

to ambient 

Flask 

A (100 ml) 

A 1100 ml ) 

B (125 ml) 

8 (125 ml ) 

Conditions during test procedure 
Temperature of condenser bath 

3® to 34°F 

32 to 40°F | 

32 to 40°F i 

32 to H0®F* 


1 (0 to 1®C ) 

(0 to 4°C ) 

(0 to 4®C ) 

(0 to 60“C 1 

Temperature of bath around 

1 55 to 65 °F 

55 to 65 ®F 

55 to 65 ®F 


graduate 

13 to 18°C 

13 to 18°C 

13 to 18°C 

(±3°C) of tem 

Time from first application of 
heat to initial boiling point, 
minutes 

5 to 10 


5 to 10 

peratureof d stil 
lation Charge 

5 to 15 

Time from initial boiling point 
to 5 per cent recovered 
seconds 

60 to 75 




Uniform average rate of con 
densation from 5 per cent 
recovered to 5 ml residue 
in flask ml per minutes 

4 to 5 


4 to 5 

4 to 5 

Time from 5 ml residue to end 
point minutes 

3 toS 

3 to 5 

5 max 

5 mix 


* Method of Te«t for Vapor Pressure of Petroleum Products (Reid Method) (ASTM Designation D323) 
h As determined Under all lest conditions of the Croup concerned 

* The proper condenser bath temperature will depend upon the wait content of the sample and of its d stilu 
lion fractions The minimum temperature which permits satisfactory operation should be used In general a 
bath temperature in the 32 to 40° F (0 to 4°C ) range is suitable for kerosine and products meeting 
Gcations for Grade No 1 fuel oil as presen bed in the Specifications for Tuel O Is (ASTM Designation DJW 
and those meeting the specifications for Grade No 1 D diesel fuel oil as prescribed in the Classificat on of D 
fuel Oils (ASTM Designation D975) In some cases involving Grade No 2 fuel oil (ASTM Specification) 
D396), Grade No 2 D diesel fuel oil ( ASTM Classification D975), gas oils and sim lar distillates it may i* 
necessary to hold the condenser bath temperature at some point in the 100 to 140° F (38 to C 1 tun* ® 
order to avoid the condensation of solid waxy material in the condense! tube 
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Table 40-7. Values of the Constants “A” and “B >5 Used in Obtaining Corrected 

Distillation Loss 


Observed Baro- 
metric Pressure, 
mm. 

A 

B 

560 

0.231 

0.384 

570 

0.240 

0.380 

580 

| 0.250 

| 0.375 

590 

0.261 

0.369 

600 

0.273 

0.363 

610 

0.286 

0.357 

620 

0.300 

0.350 

630 

0.316 

0.342 

640 

0.333 

0.333 

650 

0.353 

0.323 

660 

0.375 

0.312 

670 

0.400 

0.300 

680 

0.428 

0.286 

690 

0.461 

0.269 

700 

0.500 

0.250 

710 

0.545 

0.227 

720 

0.600 

0.200 

730 

0.667 

0.166 

740 

0.750 

0.125 

750 

0.857 

0.071 

760 

1.000 

0.000 


The condenser shall be made of seamless brass tubing, 22 in. (55.88 cm.) in 
length. It shall be %c in. (14.29 mm.) in outside diameter, and shall have a wall 
thickness of 0.031 to 0.036 in. 

The condenser shall be set so that approximately 15.5 in. (39.4 cm.) of the tube 
will be in contact with the cooling medium, with about 2 in. outside the cooling 
bath at the upper end, and about 4]£ in. outside at the lower end. The length ot 
tube projecting at the upper end shall be straight and shall be set at an angle of 
75 deg. with the vertical. The section of the tube inside the cooling bath may be 
either straight or bent in any suitable continuous, smooth curve. The average 
gradient shall be 0.26 in. per linear inch of condenser tube (sine of angle of 15°), 
and no section of the immersed portion of the condenser tube shall have a gradient 
less than 0.24 in. nor more than 0.28 in. per linear inch of tube. The projecting 
lower portion of the condenser tube shall be curved downward for a length of 3 in. 
(7.62 cm.) and slightly backward so as to insure contact with the wall of the re- 
ceiving graduate at a point approximately 1 to 1}4 in. (2.54 to 3.18 cm.) below the 
top of the graduate when it is in position to receive the distillate. The lower end 
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of tlit. condenser tube shill be cut oil at an acute ingle so tint the tip may K 
brought into coutict with the will ol the cylinder 
The capacity of the cooling bath slnll be not less tlnn 340 cu in (5 55 1) ol 
cooling medium The arrangement of the tube in the cooling bath shall be such 
that its center line shall be not less than 1 Vi in below the plane of the top of the 
bath at its point of entrance and not less than % m abose the floor of the bath a i 
its exit 



Clearances between the condenser tube and the walls of the bath shall be at 
least in except for the sections adjicent to the points of entrance and exit 
Multiple installations arc permissible presided the} conform to the dimension i! 
requirements and the capacity ol the bath is not less than 310 cu in per tube 
Metal Shield or Enclosure for Flask Type 1 Shield (rig 40 6) is 19 in l l, 8^ 
11 in long and 8 in svide made of sheet metal of approximate!) 22 gage It 
shall hase a door on one narrow side and two openings 1 in in diameter cquall) 
spaced in each of the ts\o narrow sides with a slot cut in one side for the sapor 
tube The centers of these four openings shall be 8’£ in belosv the top of the 
shield There shall be three 'fc-in holes in each of the four suits with their ccn 
ters I in abose the base of the shield 
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Type 2 Shield (Fig. 40-7) is 17}£ in. high, 8 in. long, and 8 in. wide, made of 
sheet metal of approximately 22 gage, with a window on the front side. The open 
bottom of the shield shall be spaced approximately 2 in. from the base of the unit. 
The rear of the shield shall have an elliptical hole for the vapor tube. A flask- 
adjusting knob shall be located on front of the shield for adjusting the flask sup- 
port. Also, a heat-adjusting indicating dial shall be used to provide stepless heat 
control when the electric heater is used. The entire mechanism shall be built into 
the bottom portion of the shield. 

When an electric heater is employed, 
the portion of the shield above the 
board shall be the same as with the gas 
burner, but the part below may be 
omitted. 

Heat Source. — Gas Burner (Fig. 

40-6), so constructed that sufficient 
heat from the available gas can be 
obtained to distil the product at the 
specified rate. A sensitive regulating 
valve and gas pressure governor to 
give complete control of heating may 
be provided. 

Electric Heater (Fig. 40-7) may be 
used instead of a gas burner, provided 
it is capable of bringing over the first 
drop from a cold start within the time 
specified and of continuing the distil- 
lation at the specified rate. Heater 
units of low heat retention, adjustable 
from 0 to 1000 watts, have been found 
satisfactory. 

Flask Support. Type 1 for Use 
with Gas Burner (Fig. 40-6).— A ring 
support of the ordinary laboratory 
type, 4 in. or larger in diameter, 
supported on a stand inside the shield 

or a platform and adjustable from the outside of the shield, may be used. 

Two ceramic or hard asbestos boards, % to % in. in thickness, shall rest upon the 
ring or the platform, whichever is used. The board immediately above the ring or 
platform shall have a centered opening 3 to 4 in. in diameter and outside line 
dimensions slightly smaller than the inside boundaries of the shield. 

The second or flask support board shall be slightly smaller in outside dimensions 
than the first board and shall have a centered opening conforming to the dimen- 
sions prescribed in Table 40-8. It shall be to % in. in thickness at the center 
hole rim. This flask support board may be moved slightly in accordance with the 
directions for placing the distillation flask, and direct heat shall be applied to the 
flask only through the opening in this board. 

Type 2 for Use with Electric Healer (Fig. 40-7).— The top of the electric heater 
shall consist of a ceramic or hard asbestos flask support board with a centered hole 



Fig. 40-7. 


Apparatus Assembly Using Elec- 
tric Heater. 
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Fire Polished 



Flask A 100 ml Flask B 125 mi 15® Slope Without Tipping 


Fig 40 8 Distillation Hasks Tic 40 9 Graduated C)l 

mder 100 ml in 1 m! 
Graduations Toleirnce 
± 1 0 ini 

as specified in Table 40 8 and a thickness of to in at the center hole run 
ProMSion shall be made {or moMng the heater unit, with its top in order to place 
the distillation flask so that direct heat shall be applied to the flask on!) through 
the opening m the flask support board 

Table 40 8 Flask Support Boards 


Flask Support 

Diameter of 

Board 

Opening, in 

A 

lj 

C 

2 


Graduated Cylinders —The graduated cylinder is shown in tig 40 9 
Thermometers —Use ASTM thermometers shown in Table 40 9 

Note — Mheneier thermometers compl)ing with ASTM requirements are not a'aijable 
thermometers compljing with the requirements applicable to the Institute of I’etro eu 
thermometers IP 5C (low distillation) and IP 6C (high distillation) ma) be met! ^ P 
uded calibration corrections are used in temperature ranges where IP requireracn s 
scale accurac) are less stringent than those of ASTM 
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Table 40-9 Thermometers 


ASTM 

Thermometer 

No." 

Range in Degrees 

Sub- 

divisions 

Fahrenheit 

Centigrade 

7F 

30 to 580 


2F 

7G 

— 

-2 to 300 

1G 

8F 

30 to 760 

— 

2F 

8G 


-2 to 400 

1G 


“ The detailed constructional requirements for these thermometers are found in Table I of 
ASTM Specifications El. 

Sample.— In the case of any product having a Reid Vapor Pressure of 9.5 lb. or 
higher, cool the sample bottle to the temperature range indicated in Table 40-6 
for measuring the distillation charge. Collect the sample in the previously cooled 
bottle, preferably by immersing the bottle in the liquid, where possible, and dis- 
carding the first sample. Where immersion is not possible, the sample shall be 
drawn off into the previously cooled bottle in such a manner that agitation is kept 
at a minimum. Close the bottle immediately with a tight-fitting stopper, and place 
it in an ice bath or refrigerator capable of maintaining the sample at a tempera- 
ture not to exceed 60°F. (15°C.). 

Samples of materials that visibly contain water are not suitable for testing. If 
the sample is not dry, and the initial boiling point is below 150°F. (66°C.), obtain 
another sample which is free from suspended water for the test. If the initial 
boiling point is above 150°F. (66°C.), shake the sample with anhydrous sodium 
sulfate or other suitable drying agent and separate it from the drying agent by 
decanting. 

Preparation of Apparatus— Refer to Table 40-6 and select the flask, flask sup- 
port, and thermometer, which are required by the sample to be tested. Bring the 
respective temperatures of the flask, thermometer, graduate, flask support, and 
shield to their required values for starting the test. 

Fill the condenser box to cover the condenser tube with any nonflammable cool- 
ant which is suitable for the temperature required by Table 40-6, such as chopped 
ice, water, brine, or ethylene glycol solution. II chopped ice is used, add sufficient 
water to cover the condenser tube. If necessary, make any suitable provision, such 
as circulation, stirring, or air blowing, so as to maintain the required condenser 
bath temperature throughout the test. Similarly, make any necessary provision so 
that the temperature of the bath around the graduate will remain within the limits 
required in Table 40-6. 

Remove any residual liquid in the condenser tube by swabbing with a piece o£ 
soft, lint-free cloth attached to a cord or copper wire. 

Bring the temperature of the sample within the range prescribed in Table 40-6. 
Measure 100 ml. of the sample in the graduated cylinder and transfer it as com- 
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pletely as practicable to the distillation flask taking care that none of the hqud 
flows into the vapor tube 

Fit the thermometer provided with a snug fitting well rolled cork tightly into 
the neck of the flask so that the bulb is centered m the neck and the lower end 
of the capillary is le\el with the highest point on the bottom of the inner wall of 
the vapor tube 

Place the flask containing the 100 ml charge m its support and by means of a 
cork through which the vapor tube has been passed make a tight connection w th 
the condenser tube Adjust the flask so that it is in a vertical position and so that 
the vapor tube extends into the condenser tube lor a distance of I to 2 in 

Place the graduate that was used to measure the charge without drying into 
its bath under the lower end of the condenser tube so that the end of die condenser 
tube is centered m the graduate and extends therein for a distance of at least 1 in 
but not below the 100 ml mark Cover the graduate closely with a piece of Wot 
ting paper or similar material suitably weighted which his been cut to fit tie 
condenser tube snugly Maintain the le\el of the bath around the grailuite so 
that it is at least as high as the 100 ml mark 

Note and record the prevailing barometric pressure and proceed it once vvth 
the distillation as directed in the following section 

Procedure —Apply heat to the distillation flask and contents The heating at 
this stage must be so regulated that the time interval between the first application 
of heat and the initial boiling point does not exceed the limit as prescribed in 
Table 40 6 

Immediately after observing the initial boiling point move the graduate so that 
the tip of the condenser touches its inner wall Continue to regulate the heating 
so that the rate of condensation into the graduate shall be uniform and within tie 
limits prescribed in Table 40 6 Repeat any distillation which did not meet the 
foregoing conditions 

In the interval between the initial boiling point and the end of the distillation 
observe and record whatever thermometer readings at prescribed percentages re 
covered and/or percentages recovered at prescribed thermometer readings are 
necessary for the calculation and reporting of the results of the test as prescribed 
m the following section Record all volumes in the graduate to the nearest 0 5 rol 
and all thermometer readings to the nearest 1 0°F (0 5°C ) 

Note In cases in which no specific data lequnenicnts hive been indicated recoul the 
initial boiling point the end point or diy point oi both and thermometer leadings at 
5 p and 95% recovered and at each multiple of 10 „ lecoveied from 10 to 90% inclusi « 


If either a thermometer reading of 700°F (d71°C) or a decomposition point is 
observed discontinue the heating and resume the procedure as directed in the third 
paragraph following (which begins with the words While the condensate 
tube ) Otherwise proceed according to the following directions 
When the residual liquid m the flask is approximately 5 ml m ike a final adjust 
ment of the heat if necessary so that the time from the 5 ml of liquid residue m 
the flask to the end point shall meet the requirements given in Table 40 6 If 1 IS 
condition is not satisfied repeat the test with appropriate modification of the fin* 
heat adjustment 

Observe and record the end point or dry point or both as required an ** 
continue the heating At the end point observe if all the liquid ht* evaporate 
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from the bottom of the flask. If not, include a note of this fact in the report as 
prescribed in the following section. 

While the condenser tube continues to drain into the graduate, observe the 
volume of condensate at 2-minute intervals until two successive observations agree. 
Measure this volume accurately, and record it, to the nearest 0.5 ml., as per cent 
recovery. If the distillation was previously discontinued under the conditions 
given in the third paragraph preceding, deduct the per cent recovery from 100, 
report this difference as “Per Cent Residue and Loss,” and omit the procedure 
given in the next two paragraphs. 

After the flask has cooled, pour its contents into the condensate in the graduate 
and allow to drain until no appreciable increase in the volume of liquid in the 
graduate is observed. Record this volume, to the nearest 0.5 ml., as per cent total 
recovery. 8 

Deduct the per cent total recovery from 100 to obtain the per cent loss. 

Calculations and Reporting.— For each test, calculate and report whatever data 
are required by the specification involved, or as customarily established for the 
sample under test, or in accordance with the Note above. 

Report all percentages to the nearest 0.5%, and all thermometer readings to the 
nearest 1.0°F. (0.5°C.). 

When thermometer 8F (8C) is used in testing aviation turbine fuels and simi- 
lar products, pertinent thermometer readings may be obscured by the cork. To 
provide the desired data, a second distillation according to Group 3 of Table 40-6 
may have been performed. In such cases, readings from thermometer 7F (7C) 
may be reported in place of the obscured 8F (8C) readings, and the test report 
shall so indicate. If, by agreement, the obscured readings are waived, the test 
report shall so indicate. 

When the report is to be based on thermometer readings corrected to 760 mm. 
barometric pressure (Note below), obtain the correction to be applied to each 
thermometer reading by means of the Sydney Young equation as given below, 
or by the use of Table 40-10. After applying the corrections and rounding each 
result to the nearest 1.0°F. (0.5°C.), use the corrected thermometer readings in all 
further calculations and reporting. 

For Centigrade readings: 

C c = 0.00012(760 - P ) (273 + t c ) 

For Fahrenheit readings: 

C f = 0.00012(760 - T)(460 + tj) 

where C c and Cf = corrections to be added algebraically to the observed thermometer 
readings t c or tf, respectively. Convenient approximations of these 
corrections are given in Table 40-10. 

P = barometric pressure, millimeters of mercury, prevailing at the time 
of the test. 

Noti.— Caic must be taken in all reporting to insure that there will be no question in 
an) case as to whether the Sydney Young correction has or has not been applied to the 
theimonieter readings as reported. In general, these corrections are not applied unless a 

v As an alternative prcceduie, drain the cooled liquid remaining in the flask into 
a small qlinder graduated in 0.1 ml., and observe its volume. Add this observed volume 
to the per cent lecovci), in order to obtain per cent total recovery. 
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Table 40 10 Approximate Corrected Thermometer Readincs 


Temperature Range 

i 

Correction a per 1 0 mm 
Difference m Pressure 

Deg Cent 

Deg Fahr 

Deg Cent 1 

Deg Tahr 

10 to 30 

50 to 86 

0 35 

0 6j 

30 to 50 

86 to 122 

0 38 

0 68 

50 to 70 

122 to 158 

0 40 

0 72 

70 to 90 

158 to 194 

0 42 

0 76 

90 to 110 

194 to 230 

0 45 

0 81 

110 to 130 

230 to 266 

0 47 

0 85 

130 to 150 

266 to 302 

0 50 

0 89 

150 to 170 | 

302 to 338 | 

0 52 

0 94 

170 to 190 

338 to 374 

0 54 

0 98 

190 to 210 , 

374 to 410 | 

0 57 

1 02 

210 to 230 1 

410 to 446 

0 59 

1 06 

230 to 250 | 

446 to 482 

0 62 

1 11 

250 to 270 1 

482 to 518 

0 64 

1 15 

270 to 290 1 

518 to 554 

0 66 

1 19 

290 to 310 

554 to 590 

0 69 

\ 24 

310 to 330 

590 to 626 

0 71 

1 28 

330 to 350 

626 to 662 

0 74 

1 32 

350 to 370 

662 to 698 

0 76 

1 37 

370 to 390 

698 to 734 

0 78 

1 41 

390 to 410 

734 to 770 

0 81 

1 45 


“ To be added in case barometric pressure is below 760 mm to be subtracted in case 
barometric pressure is abo\e 760 mm 


controversy exists or a piecision evaluation is desued on data in which the difference it 
barometric pressures would have a significant effect 


Alter barometric corrections of the thermometer revdmgs have been made if 
required the following data require no further calculation prior to reporting 
initnl boding point dry point end point decomposition point per cent recovery 
per cent total recovery and all purs of corresponding \ dues involving percentage* 
recovered and thermometer readings Per cent loss and per cent residue are ealeu 
lated in accordance with their respective definitions as set forth under the aefmt 
tions on p 1*12 9 


DISTILLATION OF CRUDE PETROLEUM 9 
This method of test is intended for determining the percentages and distillation 
range of the naphtha m any crude petroleum of the class known commercia ) a 

j \ppiOved as A STM D285 54T and AS 4 No 211 32 1955 
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refinable crude oils. This mediod does not attempt to specify what quality of 
product shall be defined as naphtha, nor can it be expected to duplicate the results 
of commercial refining operations. It specifies apparatus and procedure, leaving 
selection of numerical limits and interpretation of results to be agreed upon by the 
interested parties. 

Outline of Method.— A 500-ml. distillation flash, equipped with a fractionating 
column, is used to distill one or more 300-ml. portions of sample at a rate of 4 to 5 
ml. per min. to a predetermined thermometer reading. (See Fig. 40-10.) 

A 100-ml. portion of the total distillate is distilled in accordance with Method 
D86, Test for Distillation of Petroleum Products (p. 1929). 

APPARATUS 

Distillation Flask.— A distilling flask conforming to the dimensions and permis- 
sible variations indicated in Fig. 40-10. 



Fig. 40-10. Distillation Flask: All Dimensions 
in Millimeters. 



Fig. 40-11. Fractionating Column 
and Supporting Device in Hemple 
Flask. 


Fractionating Column.— A fractionating column (see a. Fig. 40-11) made of a 
length of No. 18 iron jack chain, enough to pack under its own weight, is placed 
in a column 1 in. in diameter and 6^4 in. in length. The jack chain may be 
“strung” conveniently on a loop of wire so that it hangs in loops about 2 ft. in 
length, which makes the chain more convenient to handle than when it is not 
looped together. The device used for supporting the column (see b , Fig. 40-11) 
shall be made of a suitable length of wire, preferably though not necessarily, of 
nickel-chromium, about No. 18 gage. One end shall be wound in a spiral a little 
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less than 1 in in diameter and the remaining wire shall be bent at a right angle 
to the plane of the spiral and cut off at a length of about 9% in A small loop 
shall be bent into the end aw a) from the spiral and put through a hole drilled in 
a strip of spring steel (see c. Fig 40 11) or other suitable material about 0 015 in 
in thickness % in in width and 3 m in length, bent around a cylinder 1 in m 
diameter When allowed to expand this spring strip should hold firmly on the 
inside of the neck of the flask and provide a secure support for the column of chain 
Condenser — \ condenser in in outside diameter, with 0 031 to 0 036 in nail 
thickness made of seamless brass tubing, 22 in m length It shall be set so that 



approximately 1 5^6 in of the tube will be 
in contact with the cooling medium con 
tained m the condenser jacket subse 
quentl) described, with about 2 in outside 
the cooling bath at the upper end, and 
in outside the cooling bath at the lower 
end The length of tubing projecting at 
the upper end shall be straight and shall 
be set at an angle of 75° with the vertical 
The section of the tube inside the cool 
ing bath may be either straight or bent 
in an> suitable continuous smooth cune 
The average gradient shall be 0 259 in 
per linear inch of condenser tube (sine of 
angle of 15°) and no section of the im 
mersed portion of the condenser tube shall 
have a gradient less than 0 24 in nor 
more than 0 28 in per linear inch of tube 
The projecting lower portion of the con 
denser shall be curved downward for a 


Fic 40 J2 Measuring Pipet length of 3 in and slightly backward so 

as to insure contact with the wall of the 
receiving graduate at a point approximately I to 1'4 m below the top of the 
graduate when it is in position to receive the distillate The lower end of the 
condenser tube shall be cut off at an acme angle The capacit) of the cooling 
bath shall be not less than 340 cu in (5 55 1 ) of cooling medium The arrange 
ment of the tube in the cooling bath shall be such that its center line shall be not 
less than 1 14 in below the plane of the top of the bath at its point of entrance and 
not less than % in above the floor of the bath at its exit Clearance between die 
condenser tube and the walls of die bath shall be at least in , except for the 
sections adjacent to the points of entrance and exit Multiple installations are 
permissible, provided the) conform to the dimensional requirements and the ca 
pacit) of the bath is not less than 340 cu in (5 55 I ) per tube 


Isote— 4 condenser conforming to these requirements is illustrated m Method 
(p 1933) 


Shield— A shield of an) convenient type having a minimum horizontal dimen 
sion of 6 m Except for the vertical dimensions which require modification due 
to the relatively large flask used in this method, the shield illustrated m Fig 40-7 
on page 1933, is satisfactor) When an electric heater is used as the source of heat 
the part of the shield below the board maj be omitted 
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Board and Support.— The crude oil distilling flask shall rest on a board of ap- 
proximately 14-in. hard asbestos or ceramic material having a hole 3% in. in diam 
eter in the center. The board shall not be less than 6 in. in width. When used 
with a gas burner, the board shall be supported by a ring stand and ring, or other 
suitable flask support platform. 

Source of Heat.— Gas burner or electric heater, of sufficient capacity to maintain 
the distillation rate specified under Procedure, and provided with suitable attach- 
ments for close heat control. 

Thermometer.— ASTM Low Distillation Thermometer graduated in either Fahr- 
enheit or Centigrade degrees as specified, having a range of 30 to 580°F. or —2 to 
+300°C. and conforming to the requirements for thermometer 7F or 7C, respec- 
tively, as prescribed in ASTM Specifications El. 

Noil— Wheneiei thermometers complying with ASTM lcquiiemcnts ate not available, 
thermometeis complying with the lequitements for The Institute of Petioleum ther- 
mometer “IP 5C Low Distillation’’ may be used, provided calibration corrections are 
used in temperatute langes wheie IP requirements lor scale accmacy are less stiingent 
than those of ASTM. 

Measuring Graduates and Pipet.— Suitable accurately graduated cylinders or 
other volumetric glassware for measuring the sample and distillation fractions. 
A 300-ml. pipet with unconstricted outlet, similar to Fig. 40-12, is a convenient 
device for measuring charges, but an accurate graduate may be used if desired. 
The 100-ml. graduate specified on page 1934 is reasonably satisfactory for measuring 
distillation fractions, but a graduate of similar dimensions that can be stoppered 
tightly is preferable. One can be made by cutting down a standard graduate to 
remove the lip and then fire polishing. 

Preparation of Apparatus .— Fill the condenser bath with cracked ice and add 
enough water to cover the condenser tube. Maintain the temperature between 32 
and 34°F. (0 and 1°C.). Any other convenient cooling medium may be used pro- 
vided these temperature conditions are maintained. 

Swab or clean the inside of the condenser tube to remove any liquid remaining 
from a previous test. 

Measure or weigh a quantity of crude petroleum equivalent to 300 ml., at 60°F. 
(15.5°C.) into the distillation flask by any suitable means. Do not permit any 
liquid to flow into the vapor tube (Note). 

Note.— If the water content of the crude oil causes bumping or, in any case if the crude 
oil contains more than 2% of water, dehydrate the sample by a suitable method, without 
loss of naphtha, before making the determination. 

Put the supporting device for the fractionating column, Fig. 40-10, in place and 
carefully drop in the proper quantity of iron jack chain so that it fills the space 
uniformly and without channels. Tapping the flask while the chain is being added 
is helpful, but do not compress the column after all the chain is in place. 

Fit the thermometer, provided with a cork, tightly into the flask so that it will 
be in the vertical axis of the neck and so that the lower end of its capillary tube is 
about lie in. (1.5 mm.) below the level of the inside of die bottom of the vapor 
tube at its juncture with the neck of the flask. 

Place the charged flask in position on the hard asbestos or ceramic board and 
connect it to die condenser with a carefully fitted cork through which the vapor 
tube passes. Adjust the position of the flask so that the vapor tube extends into 
the condenser tube not less than 1 in. (2.5 cm.) nor more than 2 in. (5 cm.). 
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1*1 ice a clem tin graduited cslmdcr it the outlet of the condenser tube in such 
i position that the condenser tube extends it leist 1 in (2 a cm ) into the graduate 
I hce the gnduate in a transparent container ind fill this with water to i letelof 
about 1 in (2 a an; below the tip of the condenser tube Maintain the inter si 
->2 to 10“F (0 to 4°C ) During the distillation co\er the top of the graduate 
closely with a piece of blotting piper oi its equnalent cut to fit the condenser tube 

tighth 

Procedure Crude Oil Distillation hen e\ery thing is m readiness apply heat 
Heat mas be applied wgoroush until the liquid begins to boil then decreased s> 
tint the distillate begins to come oser at a moderate rate howeser when a gw 
burner is used the flame shall at no time be so large that it spre ids o\er a diameter 
etc iter thin 5 in (13 cm) on the under surface of the asbestos or ceramic bom! 
Distill the first d to 10 ml it the rate of 2 to 3 ml per minute there ifter tntrewc 
the rite of distillation to 4 to 5 ml per minute 

When the thermometer re ids the predetermined temper iture (Not*) wit! Ira 
the griduitt from beneath the condenser and discontinue the distillation Stopper 
the gridiute tightly and illow it to stand until -ill sediment and moisture hau 
settled and until its contents ha\e reached a temperature ol 5 j to 6o°F (IS to 
I8°C) Reid and record the total \olume in the graduate and the \olume ol 
w iter if in) Obsenc and record the barometric pressure 

Note— The prcdetei mined lemperatuie can best be decided b\ mutual agrecneri 
ban een the parties concerned in the ecaluation of a given crude petroleum In cases ol 
dispute oi when stipulated by the inteiested panics the effect ot \iriations in barometre 
pressure on tin distillatic n must be taken into consideration ind the distillati n is stopped 
at an adjusted tempeiature as determined b> tl e follow in„ fomiula which is based on the 
Sydnea \oung equation 


f„ - / - 0 00012(760 - P)(k + la) 

where r a — adjusted predetermined temperature 
l ” specified predetermined temperature 
P = actual barometre pressure in millimeters of mercury, 

I = 460 if temperatures are in degrees Fahrenheit or 
- 273 if temperatures are in degrees Centigrade 

Repeat the whole procedure enough times to yield i total \olunte of tlistillate 
of not less than 100 ml 

Naphtha Distillation —Four the distil! ites togethet (taking circ to non! I 
In e\ iporition uul rejecting tilt layers of w iter if present) mil mix th iroiigl 1' 
by sinking Test the combined distill ites in iccordintt with Method D8f» (pn* 
102*1) except rcnl ind record only the imftal boihm , / amt m«l the wiltme® 
distill itt collcttetl in the cylinder when the mercury of the thtrmonittir read f* 
212 ’V (100°C) 221*F (10a°C) 284'k (140’G) 4*12* I- (20()°( ) ind the end P° inl 

Calculation — Calculate the percentage of naphtha in the crude oil using drt 
following formula 

Naphtha, per cent = _ || X 100 

where D — total \olume in the graduates, 

\V — total volume of water in the graduates, and 
V — total aolume of crude oil chargtd to the flasks 
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Precision.— Results of duplicate tests in the crude oil distillation should not differ 
from each other by more than 0.5 per cent. 

Special Procedure for Obtaining Large Volumes of Distillate— It it is necessary 
to obtain quantities of distillate large enough for octane ratings or other special 
tests, the following procedure may be used: Distill a charge of crude oil in equip- 
ment of suitable size to provide the desired amount of naphtha distillate in a single 
run or in a small number of runs. The equipment shall be so designed and 
operated that it duplicates both the yield and the quality of the distillate obtained 
by use of the regular procedure with a 300-ml. charge. Consider the following 
criteria in deciding whether the two procedures give equivalent results: 

(a) Yields of naphtha distillate shall not differ by more than 1%. 

(i b ) The distillation curves of the naphtha fractions shall not differ at any jroint 
by more than 2.0%. 


SAYBOLT VISCOSITY 10 

This method describes procedures for the empirical measurement of Saybolt 
viscosity of petroleum products at specified temperatures between 70 and 210°F. 
There is also included a special procedure for waxy and resinous materials. 

Note.— A fundamental and preferred method for measuring viscosity is by use of 
kinematic viscometers as outlined in ASTM Method D445, Test for Kinematic Viscosity. 
This method requires smaller samples, less time, and gives greater accuracy. 

Saybolt Universal and Saybolt Furol viscosities may be obtained from kinematic vis- 
cosity values by the use of conversion tables given in ASTM Method D446, Conversion of 
Kinematic Viscosity to Saybolt Universal Viscosity, and ASTM Method D666, Conversion 
of Kinematic Viscosity to Saybolt Furol Viscosity, respectively. 

Viscosity index calculation from kinematic viscosity is recommended over viscosity index 
calculations using Saybolt Universal values. 

Saybolt Furol Viscosity of Asphaltic Materials at High Temperatures is covered by 
ASTM Method E102. 

Definition, (a) Saybolt Universal Viscosity.— The efflux time in seconds of 60 ml. 
of sample flowing through a calibrated Universal orifice under specified conditions. 

(b) Saybolt Furol Viscosity.— The efflux time in seconds of 60 ml. of sample flow- 
ing through a calibrated Furol orifice under specified conditions. The Furol 
viscosity is approximately one-tenth the Universal viscosity, and is recommended 
for those petroleum products having viscosities greater than 1000 seconds (Saybolt 
Universal), such as fuel oils, and other residual materials. The word “Furol" is a 
contraction of fuel and road oils. 

Outline of Method .— The efflux time in seconds of 60 ml. of sample, flowing 
through a calibrated orifice, is measured under carefully controlled conditions. 
This time is corrected by an orifice factor, and reported as the viscosity of the 
sample at that temperature. 

Apparatus. Viscometer and Bath.— The viscometer, illustrated in Fig. 40-13, shall 
be constructed entirely of corrosion-resistant metal, conforming to dimensional re- 
quirements shown in Fig. 40-13. The orifice tip, Universal or Furol, may be con- 
structed as a replaceable unit in the viscometer. Provide a nut at the lower end 
of the viscometer for fastening it in the bath. Mount vertically in the bath and 
test the alignment with a spirit level on the plane of the gallery rim. Provide a 

10 Standardized as ASTM D88-56 and ASA No.: Zll.2-1956. 
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cork or other suitable means to prevent the flow of sample until the start of the 
test a small chain or cord ma) be attached to the cork to facilitate rapid removal 
The bath senes both as a support to hold the viscometer in a vertical position as 
well as the container for the bath medium Equip the bath with effective msulaton 
and with an efficient stirring device Provide the bath with a coil for heating and 
cooling and with thermostatically controlled heaters capable of maintaining the 
bath within the functional precision given in Table 40 II The heaters and coil 


Ho 40 13 



Saybolt \iscometer with Universal and Hirol Onfice (All D miens ons i « 
Inches ) 


should be located it least 3 in from the viscometer Provide a means for maintain 
ing the bath medium at least x i m above the overflow rim The bath media are 
given in Table 40 11 

Withdrawal Tube as shown in Fig 40 14 

Thermometer Support is shown in Fig 40 15 

Filter Funnel as shown m Fig 40 16 

Receiving Flask as shown m Fig 40 17 

Timer, graduated m tenths of a second and accurate to within 0 1 per cent when 
tested over a 60 min interval Electric timers are acceptable if operated on a 
controlled frequency circuit 

Viscosity Thermometers for reading the test temperature of the sample i e 
ASTM Say bolt Viscosity Thermometers shown in Table 40 12 shall conform to tie 
requirements in ASTM Specifications El . 

Bath Thermometers —Viscosity thermometers or any other means of equtvaen 
accuracy 
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Table 40-11 Bath Test Temperatures 


Standard 
Test Tem- 
perature, 
deg. Fahr. 

Recommended Bath Medium 

Maximum 
Temperature 
Differential,'' 
deg. Fahr. 

Functional 

Precision 

70 

Water 

±0.1 

±0.05 

77 

Water 

±0.1 

±0.05 

100 

Water, or Oil of viscosity 50 to 70 sec. 

S.U. at 100°F 

+0.25 

±0.05 

122 

Water, or Oil of viscosity 120 to 150 
sec. S.U. at 100°F 

+0.35 

±0.05 

130 

Water, or Oil of viscosity 120 to 150 
sec. S.U. at 100°F 

+0.5 

±0.05 

140 

Water, or Oil of viscosity 120 to 150 
sec. S.U. at 100°F 

+ 1.0 

±0.1 

180 

Water, or Oil of viscosity 330 to 370 
sec. S.U. at 100°F 

+ 1.5 

±0.1 

210 

Oil of viscosity 330 to 370 sec. S.U. 
at 100°F 

+2.0 

±0.1 


S.U. = Saybolt Universal. 

“ Maximum difference allowed between bath temperature and test temperature to main- 
tain thermal equilibrium while stirring sample in viscometer with test thermometer. 


Table 40-12. ASTM Saybolt Viscosity Thermometers 


Standard 
Test Tem- 
perature, 
deg. Fahr. 

Temperature 
Range, 
deg. Fahr. 

Subdivi- 
sions, 
deg. Fahr. 

ASTM 
Thermom- 
eter No. 

70 

66 to 80 

0.2 

17F 

77 

66 to 80 

0.2 

17F 

100 

94 to 108 

0.2 

18F 

122 

120 to 134 

0.2 

19F 

130 

120 to 134 

0.2 

19F 

140 

134 to 148 

0.2 

20F 

180 

174 to 188 

0.2 

21 F 

210 

204 to 218 

0.2 

22F 
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Tic -40 11 Withdrawal Tube Ftc 4016 Filter runnel for Use with Sa)bolt 
for Use with Sa) bolt Viscometer Viscometer (AH Dimensions in Inches) 

(All Dimensions in Inches) 
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Preparation of Apparatus. -Use a Universal orifice for lubricants and distillate 
materials with efflux times greater than 32 seconds to give the desired accuracy. 
Liquids with efflux times over 1000 seconds are not conveniently tested with this 
orifice. 

Use <i Furol orifice for residual materials with efflux times greater than 25 seconds. 
The Furol efflux time is approximately one-tenth the Universal efflux time. 

Note. — The Universal orifice is used at 70.. 100, 130, and 210 F. The Furol orifice is 
used at 77, 100, 122, and 210°F. 


Set up the viscometer and bath where they will 
be free from drafts and rapid changes in air tem- 
perature. Locate them so that the sample will 
not be contaminated by dust or vapors during the 
test. 

Viscosity determinations shall not be made at 
temperatures below the dew point of the room’s 
atmosphere. Room temperatures up to 100°F. 
will not introduce errors in excess of 1.0 per cent. 
For standardization and referee tests, the room 
temperature shall be kept between 68 and 86°F., 
and the actual temperature recorded. 

Fill the bath at least in. above the overflow 
rim of the viscometer. Table 40-12 lists recom- 
mended bath media for each test temperature. 

Provide adequate stirring and thermal control 
for the bath so that the sample will not fluctuate 
more than ±0.05°F. after reaching the test tem- 
perature. 

Clean the viscometers with au effective nontoxic 
solvent and remove all solvent from the gallery 
and viscometer. 


10 -I I.D. at Graduation Mark 



Flo. 40-17. Receiving Flask. (All 
Dimensions in Millimeters.) 


Note— T he plunger commonly supplied with the viscometer should never be used for 
cleaning as the overflow rim and walls of the viscometer may be damaged by its use. 

Calibration of Viscometers— Calibrate the Saybolt Universal viscometer at pe- 
riodic intervals by measuring the efflux time at 100°F. of an appropriate viscosity 
standard, following the procedure for standards given below. 

Viscosity standards are available from two sources. These standards may be used 
with equal confidence provided they are used immediately after opening and not 
stored for re-use as permanent viscosity standards. 

Standards Conforming to ASTM Saybolt Viscosity Standards.— Viscosity Oil 
Standards conforming to the requirements of ASTM Viscosity Oil Standards for 
viscometer calibration having certified Saybolt viscosity values established by co- 
operative determinations of kinematic viscosity values. The kinematic values are 
converted to Saybolt Universal and Saybolt Furol viscosity values by means of con- 
version tables given in ASTM Methods D446 and D666, respectively. The Viscosity 
Oil Standards are oils with approximate Saybolt viscosities as shown in Table 40-13. 

NBS Viscosity Standards.— National Bureau of Standards liquid viscosity stand- 
ards having accurate values supplied with each sample. Standard SB has a Saybolt 
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Table 40 13 Saybolt Viscosity Standards 0 


Viscositv Oil 
Standards 
Conforming | 
to ASTM 
Standards 

Approximate Saybolt Viscosity, sec 

Universal 

Furol 

At 122°F 

At 100°F 1 

At 210°F 

S3 

36 



S6 

46 

— 

— 

S20 

100 

— 

— 

S60 

290 

— 

— 

S200 

970 

— 

— 

S600 


150 

133 


* These are approxjmate values only Certified values are supplied with each shipment 
These viscosity oil standards are available as 1 pt samples at $15 00 per sample FOB 
State College, Pa Purchase orders should be addressed to the Cannon Instrument Co 
PO Box 812 State College Pa Shipment will be made as specified or by best means 

Universal viscosity of approximately 300 sec at 100°F Standard SF has a Saybolt 
Furol viscosity of approximately 100 seconds at 122°F 

Note The NBS viscositv standards aie available only as 1 pt samples at $6o0 per 
sample I OB Washington D C Purchase orders should be addiessed (o the Naiioml 
Bureau of Standards Washington 2a D C 

Routine Calibrations —The viscosity standards may also be used for routine call 
brations at other temperatures as shown in Table 40 13 

Other Viscosity Standards —Other reference liquids suitable for routine calibra 
lions may be established by selecting stable oils covering the desired range and de 
termining their viscosities in a viscometer calibrated with a standard conforming to 
ASTM requirements or an ISBS standard as described herein 
The. tune should equal the cemfted Saybolt viscosity value If the efflux 
time differs from the certified value by more than 0 2% calculate a correction factor 
f for the viscometer as follows 


where V = certified Saybolt viscosity of the standard, and 
t = efflux time in seconds at 100°F 

Note— T he correction factor applies at all viscosity levels and for all temperatures 
provided the calibration is based on a viscosity standard having an efflux tune hew 
200 and 600 sec 

Calibrate the Saybolt Furol viscometer at I22“F in the same manner as above 
using a viscosity standard having a minimum efflux time of 90 seconds 
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Viscometers or orifices which have corrections in excess of 1.0 per cent shall not 
be used for referee testing. 

Procedure .— If the test temperature is above room temperature, the test may be 
expedited by preheating the sample to not more than 3°F. above the test tempera- 
ture. Never preheat any sample to within 50“F. of its flash point (see ASTM 
Method D93, Test for Flash Point by Means of the Pensky-Martens Closed Tester), 
as volatility losses may alter its composition. 

Insert a cork stopper, having a cord attached for its easy removal, into the air 
chamber at the bottom of the viscometer. The cork shall fit tightly enough to pre- 
vent the escape of air, as evidenced by the absence of oil on the cork when it is 
withdrawn. 

Filter the prepared sample through a 100-mesh screen directly into the viscometer 
until the level is above the overflow rim. 

Stir the sample until its temperature remains constant within 0.05°F. of the test 
temperature during 1 minute of continuous stirring. Stir with a viscosity ther- 
mometer equipped with a thermometer support (Fig. 40-15). Use a circular motion 
at 30 to 50 r.p.m. in a horizontal plane. 

Note.— N ever adjust the temperature by immersing hot or cold bodies into the sample. 
Such thermal treatment may alfect the sample and the precision of the test. 

Remove the thermometer from the sample. Quickly remove the oil from the 
gallery until its level is below the overflow rim. This is done by placing the tip 
of the withdrawal tube (Fig. 40-14) at one point in the gallery and applying suc- 
tion. Do not touch the overflow rim with the withdrawal tube, or the effective 
head of the sample will be reduced. 

Place the receiving flask (Fig. 40-17) where the stream of oil from the bottom of 
the viscometer will just strike the neck of the flask. The graduation mark on the 
flask shall be between 10 and 13 cm. from the bottom of the viscometer tube. 

Snap the cork from the viscometer using the attached cord. At the same instant 
start die timer. Stop the timer the instant the bottom of the meniscus reaches 
the graduation mark. Record the efflux time in seconds. 

Special Procedure for IVaxy or Resinous Materials.— Steam-refined cylinder oils, 
black lubricating oils, residual fuel oils, and other materials which may possibly 
contain waxes or resins require special handling to obtain reproducible results. 
In order to control the possible anomalies in testing such material, the thermal 
history of the sample shall be controlled. This special procedure will aid . in the 
control of wax crystals and lattice structure formations. 

Heat a representative, homogeneous sample in a loosely stoppered container for 
1 hour in an oven maintained at 212 to 215°F. 

Immediately filter the preheated sample through a 100 mesh screen directly into 
the viscometer. Place a thermometer with support into the sample. Do not disturb 
the sample until it is 1°F. above test temperature. 

When the sample reaches this temperature, stir it with the thermometer using a 
circular motion, at 30 to 50 r.p.m., until the temperature of the sample remains 
constant within 0.05°F. of the test temperature during 1 minute of continuous 
stirring. 

Complete the test as described in the last three paragraphs of preceding section. 

Viscosity determinations of these materials shall be completed within 1 hour 
after filling the viscometer with sample. Do not run repeat determinations on the 
same portion of these materials. 
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Hydrometer Cylinders, of metal, clear glass, or plastic. For convenience in pour- 
ing, the cylinder may have a lip on the rim. The inside diameter of the cylinder 
shall be at least 25 mm. greater than the outside diameter of the hydrometer used 
in it. The height of the cylinder shall be such that the length of the column of 
sample it contains is greater by at least 25 mm. than the portion of the hydrometer 
which is immersed beneath the surface of the sample. 

Temperature of Test .— The gravity determined by the hydrometer method is 
most accurate at or near the standard temperature of 60°F. Use tins or any other 
temperature between 0 and 195°F. for the test, so far as it is consistent with the 
type of sample and necessary limiting conditions shown in Table 40-15. 


Table 40-15. Limiting Conditions and Test Temperatures 


Sample Type 

Gravity 

Limits 

Initial 

Boiling 

Point 

Limits 

Other 

Limits 

Test Temperature 

Highly volatile 

Lighter than 
0.70 sp. gr. 

— 

— 

Cool to 35 °F. or lower 
in original closed 
container 

Moderately volatile 

Heavier than 
0.70 sp. gr. 

Below 

250°F. 


Cool to 65 °F. or lower 
in original closed 
container 

Moderately volatile and 

Heavier than 

Below 

Viscosity 

Heat to minimum tern- 

viscous 

0.70 sp. gr. 

250 °F. 

too high 
at 65 °F. 

perature for sufficient 
fluidity 

Nonvolatile 

Mixtures of nonpetro- 
leum with petroleum 

Heavier than 
0.70 sp. gr. 

Above 

250°F. 


Any temperature be- 
tween 0 and 195°F. 
as convenient 

products 




60 ± 0.25°F. 


Procedure— Adjust the temperature of the sample in accordance with Table 40-15. 
The hydrometer cylinder and thermometer shall be at approximately the same tem- 
perature as the sample to be tested. 

Pour the sample into the clean hydrometer jar without splashing, so as to avoid 
the formation of air bubbles and to reduce to a minimum the evaporation of the 
lower-boiling constituents of the more volatile samples. For the more volatile 
samples, transfer to the hydrometer cylinder by siphoning. Remove any air bub- 
bles formed, after they have collected on the surface of the sample, by touching 
them with a piece of clean filter paper before inserting the hydrometer. Place the 
cylinder containing the sample in a vertical position in a location free from air 
currents. Take precautions to prevent the temperature of the sample from chang- 
ing appreciably during the time necessary to complete the test. During tin's period. 
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the temperature of the sunounding medium should not change by more than 5'f 

Lower the h\dromcter genth into the simple ind when it has settled depress 
it about two scale divisions into the liquid ind then release it Keep the rest of 
tht sum drv i> uniiu.es in liquid on the stem changes the effective weight of the 
instrument nul so affects the reading obtained \\ uh samples of low uscosm 
i slight spin nnparttd to tin instrument on releasing assists in bringing it to rest, 
floating frith, iwn from the wills of the Imlromctcr cylinder Allow sufTtciu t 
time lor tin hidromettr to becom completely stationary and for ill air bubbles 
to comt to the surficc I his is parttcuhil) nccessari in the case of the more vis- 
cous s imples 

When tht Indrometcr Ins come to rest floating frcclv and the temperature of 
the simple is constant to 02 F read the hydrometer to the nearest scale division 
The correct reading is that point on the hvdrometer sole at which the surface of 
the liquid cuts the sc ill Determine this point by placing the eye slightly bilm 
the level of the liquid and slowlv r using it until the surf ice first seen is a di tonic! 
ellipse vppt irs to become a strn 0 hi lint cutting the hydrometer stale 

Io mike a reading with nontransp irent oils observe the point on the hydrom 
tier stile to whiih tht simple lists ibovt us mini surf tee plating the tve liglth 
above tlie plane surface ol the liquid 1 his re iding requires a correction Deter 
mint this correction for the parlitulai hvdrometer in use by observing the height 
above the mun surface of the liquid to which the oil rises on the hydrometer scale 
when the hydrometer in question is immersed in i transparent oil having a surface 
tension similar to that of the sample under test 

Observe the temperature of the simple to the ne irest 0 2jT immedntily bel re 
nul alter tlie observation of the grimy the liquid in the cylinder being ihorouglh 
but etutiouslv stirred with the thermometer the whole of the mercury threul bung 
immersed Should tlusc temper uure readings differ by more than l°f repeal the 
temper ituie and gravity observations when the temperature of the simple has 
become more stable Record the mean of the thermometer reading before and 
ifter the find hvdrometer reaeling to the nearest degree Fahrenheit as the tern 
perature of the test 

Calculation — When gravities have been observed on opaque liquids by the pro- 
cedure given in the picccdmg section add the correction for specific gravity to the 
hydrometer reading observed 

Correct ill hvdrometer readings to 60“F using Table 23 Reduction of Ob- 
scrvcel Specific Gravity to Specific Gravity GO/GO°F, of the ASTM If Petroleum 
Vc\iiircasc(!{ J sides ( Imcncan Editftm} 

\otf — I lie liifcitonversion of specific grivits to NIT gravity is „iun in •* 

•specific Gravitv CO/GO 1 to Dcnsitv at |j 0 C anel to \1T Gravity at 60°l of tlie \sr'I I" 
! ctrolcum Measurement Tallies ( \tiieritan I elition) 

fquivalcnt results can lie obtained by determining API Gravity at CO’f accord 
mg to Method I>2N7 (p 1926) and converting the result to specific gravity Wl l () * 
by means of Table 3 of the ASTM IP Petroleum Measurement Tables (\mcncan 
1 elition) 

i Published j« mil) by ami available from the American Society for Testing anil 
nab 191b Rate M Philadelphia 3 and the Institute of Petroleum 2f> Initiat'd llaei * 
don IN 1 Companion volumes— the Ilrilish rdition and the Metric I elition-arc also a ' { ^ 
able I hese tables supersede all other similar tables previous!' published bv t u c ^ 
these Societies anti the National Bureau of Standards Circular C J10 and the Supp f 
to Circular C 1 10 
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Precision.— The following criteria should be used for judging the acceptability of 
results obtained at temperatures differing from 60°F. by less than 18°F.: 

Repeatib ility Reproducibil ity 

Duplicate Results by the Average of Two Results in Each 
Same Operator of Two Laboratories 

Specific gravity. . . 0.0015 0.0040 

VAPOR PRESSURE OF PETROLEUM PRODUCTS 13 
(REID METHOD) 

This method of test covers the determination of the absolute vapor pressure 
(Note 1) of volatile crude oil and volatile nonviscous petroleum products, except 
liquefied petroleum gases (Note 2). 

Note 1.— Because tfie external atmospheric pressure is counteracted by the atmospheric 
pressure initially present in the air chamber, the “Reid vapor pressure" is approximately 
the vapor pressure of the material at 100°F. in pounds per square inch absolute. 

Note 2.— For determination of the vapor pressure of liquefied petroleum gases reference 
should be made to ASTM Method D1267. 

Summary of Method..— The gasoline chamber of the vapor pressure apparatus is 
filled with the chilled sample and connected to the air chamber at 100“F. or other 
temperature. The apparatus is immersed in a constant temperature bath (100 ± 
0.2T'.) and is shaken periodically until equilibrium is reached. The “manometer 
reading” corresponding to the pressure, read on the gage attached to the apparatus, 
suitably corrected (Table 40-16, p. 1960) if the air chamber teas initially at a tempera- 
ture other than 100°F., is the Reid vapor pressure. 

This method provides for partial air saturation of products with Reid vapor 
pressure below 26 lb., for no air saturation for products above 26 lb. and for nar- 
rower tolerances in certain features for the measurement of the vapor pressure of 
aviation gasolines. 

Apparatus .— The construction of the required apparatus is described below. For 
samples having vapor pressures below 26 lb., use the gasoline chamber with one 
opening and for samples having vapor pressures above 26 lb., use the gasoline 
chamber with two openings. 

Reid Vapor Pressure Bomb, consisting of two chambers— an air chamber (upper 
section) and a gasoline chamber (lower section)— shall conform to the following 
requirements: 

Air Chamber .— The upper section or air chamber, as shown in Fig. 40-18, should 
be a cylindrical vessel 2 ± R in. in diameter and 10 ± in. in length, inside 
dimensions, with the inner surfaces of the ends slightly sloped to provide complete 
drainage from either end when held in a vertical position. On one end of the air 
chamber, a suitable gage coupling with an internal diameter not less than 3 / v , in. 
should be provided to receive the Vi-hi. gage connection. In the other end of the 
air chamber an opening approximately in. in diameter should be provided for 
coupling with the gasoline chamber. Care should be taken that the connections 
to the end openings do not prevent the chamber from draining completely. 

Standardized as ASTM D323-58 and ASA No.: Zll.44-1958, 
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Gasoline Chamber (One Opening) — The loner section or gisohne chamber as 
shown in Fig 40 18 should be a cylindrical vessel of the same inside diameter as 
the air chamber and of such volume that the ratio of the volume of the air chamber 
to the volume of the gasoline chamber should be oetvveen the limits of 3 8 and 42 
(see Note) In one end of the gasoline chamber an opening approximately J ji in 



in diameter should be provided for coupling 
with the air chamber The inner suifate 
of the end containing the coupling mem 
ber should be sloped to provide complete 
drainage when inverted The other end of 
the gasoline chamber should be completely 
closed 

Note —The ratio for units to be used for ana 
non gasoline testing should be 3 9j to 4 (b 

Gasoline Chamber (Two Opening) -To: 
sampling from closed vessels the lower sec 
tion or gasoline chamber as shown in Fig 
40 18 should be essentially the same as the 
gasoline chamber described above except 
that a Vi in valve should be attached near 
the bottom of the gasoline chamber and a 
afc-m straight through full opening valve 
should be introduced in the coupling be 
tween the chambers The volume of the gas 
olme chamber including only the capacity 
enclosed by the valves should fulfill the vol 
ume ratio requirements as set forth above 


Tic 40 18 \ apor Pressure liomb (All . . lu . 

Diniensions m Inches ) Note ' In determining capacities for the two 

opening gasoline chamber (Fig 40 18) the ca 
paciiy of the gasoline chamber should be con 
sidered as that below the 1 £ in valve closure The volume above the a. in valve closi rt 
including the portion of the'eoupling permanently attached to the gasoline chamber should 
be considered as a part of the air chamber capacity 


Method of Coupling Air and Gasoltne Chambers —Any method of couphng the 
air and gasoline chambers may be employed prov ided that no gasoline vs lost dm 
ing the coupling operation that no compression effect is caused by the act of 
coupling and that the assembly is free from leaks under the conditions of the tests 
To avoid displacement of gasoline during assembly it is desirable that the male 
fitting of a suitable coupling be on the gasoline chamber To avoid compression 
of air during the assembly of a suitable screw couphng a vent hole may be used 
to insure ionospheric pressure in the air chamber it the instant of sealing 

Volumetric Capacity of Air and Gasoline Chambers —In order to ascertain if the 
volume ratio of the chambers is between the specified limits of 3 8 to 4 2 a quantity 
of water greater than will be needed to fill the gasoline and air chambers shorn 
be measured The gasoline chamber should be completely filled with water an 
the difference between the original volume and the remaining volume is the volume 
of the gasoline chamber Then after connecting the gasoline and air chamber 5 
the air chamber should be filled to the seat of the gige connection with more o t le 
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measured water, and the difference in volumes shall be the volume of the air 
chamber. 

Checking for Freedom from Leaks— Before placing new apparatus in service and 
as often as necessary thereafter, the assembled vapor pressure apparatus should be 
checked for freedom from leaks by filling with air to 100-psi gage pressure and 
completely immersing in a water bath. Only apparatus which stands this test 
without leaking should be used. 

Pressure Gage.— The pressure gage should be a Bourdon-type spring gage of test 
gage quality 4 3 ,4 to 5 3 ,4 in. in diameter provided with a nominal 14-in. male thread 
connection with a passageway not less than 3 /ic, in. in diameter from the Bourdon 
tube to the atmosphere. The range and graduations of the pressure gage used 
should be governed by the vapor pressure of the sample being tested, as follows: 


Reid Vapor Pressure, lb. 

Gage to be Used 

Scale 

Range, 

psi 

Maximum 

Numbered 

Intervals, 

psi 

Maximum 

Intermediate 

Graduations, 

psi 

4 and under 

0 to 5 

1 

0.1 

3 to 12 

0 to 15 

3 

0.1 

10 to 26 

0 to 30 

5 

0.2 

10 to 36 

0 to 45 

5 

0.2 

30 to 55 

0 to 60 

10 

0.25 

50 and higher 

0 to 100 

10 

0.5 


Only accurate gages shall be continued in use. When the gage reading differs from 
the manometer (or dead-weiglit tester when testing gages above 26 lb.) reading by 
more than 1% of the scale range of the gage, the gage should be considered inaccu- 
rate. For example, the calibration correction should not be greater than 0.15 psi 
for a 0 to 15 psi gage or 0.3 psi for a 0 to 30 psi gage. 

Note.— G ages in. in diameter may be used in the 0 to 5 lb. range. 44 

Water Cooling Bath.— A water cooling bath shall be provided of such dimensions 
that the sample containers and gasoline chambers may be completely immersed. 
Means for maintaining the bath at a temperature of 32 to 40°F. should be provided. 

Note.— S olid carbon dioxide should not be used to cool samples in storage or in the 
preparation oE the air saturation step. Carbon dioxide is appreciably soluble in gasoline, 
and its use has been found to be the cause of erroneous vapor pressure data. 

Water Bath.— The water bath should be of such dimensions that die vapor pres- 
sure apparatus may be immersed to at least 1 in. above die top of the air chamber. 
Means for maintaining the bath at a constant temperature of 100 ± 0.2T\ should 

14 Suitable gages are available from the Fisher Scientific Co. (Special Order), Pittsburgh, 
Pa. and U. S. Gauge Co. (Catalogue No. 510SP), Selletsville, Pa. 
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be provided In order to check tins temperature the bath thermometer shall be im 
mersed to the 98 F mark throughout the \apor pressure determination 
Thermometers Foi I00°F An Chamber Piocedure — \n ASTM Reid Vapor 
Pressure Thermometer Ixo 18F having a range of 94 to 108°F and conforming to 
the requirements in ASTM specifications El 
Foi II ater Bath —Use the ASTM thermometer 18F described above 
Tor 4n Chamber When the ambient temperature procedure is employed a 
thermometer conforming to the following requirements shall be used Length ap- 
proximately 12 in range —40 or 30 F to +120 or +130°F graduated in 1'F 
dmsions total immersion scale error not greater than 1°F 

Mercury Manometer A mercurv manometer hating a range suitable for check 
ing the pressure gage employed shall be used rhe manometer scale may be gTadu 
ated m steps of I mm 0 1 in or 0 I psi 

Deadweight Tester — A deadweight tester mat be used m place of the mercury 
manometer for checking gage readings abotc 26 lb 
Handling of Samples — I he general protisions in the following paragraphs 
should apply to tU samples for \ apov pressure determinations except as specifically 
excluded for samples hating tapor pressures abote 26 lb The extreme sensitnm 
of tapor pressure measurements to los-.es through etaporation and to slight changes 
in composition is such as to require the utmost precaution and the most meticulous 
care in the handling of samples 

Sampling should be done in accord nice with the procedure for Reid tapor pres- 
sure as described m ASTM Method D270 Sampling Petroleum and Petroleum 
Products 

Sample Container Size —The size of the sample container from which the tapor 
pressure sample is taken should be not less than 1 qt nor more than 2 gal 

Sample Handling Temperature —In all cases the sample container and its con 
tents should be cooled to 32 to 40"? before the container is opened 
Sample Transfer — The Reid vapor pressure determination should be the first 
test run on a sample In the instances of transfer of liquids from larger sample 
containers or of withdrawal of samples for other tests the transfer connection of 
Fig 40 19 should be used 

Care of Samples — S imples should be put in a cool place as soon as possible after 
they have been obtained and held there until the test has been completed Sam 
pies in leaks containers should not be considered for tests but shall be discarded 
and new samples obtained 

PsipwsvAswv. ijV, T tst V.s Swvtinftnnk xA an ’ScanqAx: OatM/vna — ' kWh. the 

sample at a temperature of 32 to 40°F take the container from the cooling bath 
unseal it and examine it for us liquid content which shall be between 70 and 80 
per cent of the container capacity After the correct liquid content has been 
assured rcseal the container shake it vigorously and return it to the cooling bath 
Preparation of Gasoline Chamber —Completely immerse the open gasoline Cham 
ber and the sample transfer connection m the cooling bath for a sufficient time to 
allow the chamber and connection to reach the bath temperature (32 to 40"F) 
Preparation of Air Chamber (100"F Procedure) —After purging and rinsing t e 
air chamber and pressure gage in accordance with directions on Preparation o 
Sample for h.ext Test page 1958, connect the gage to the air chamber Immerse t e 
air chamber to at least 1 m above its top m the water bath maintained at 10 ± 
0 2"F for not less than 10 minutes just before coupling it to the gasoline dumb r 
Do not remove the air chamber from the bath until the gasoline chamber has been 
filled with sample as described under Simple Tnnsfer, page 1957 
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Preparation of Air Chamber (Ambient Temperature Procedure).— As an alter- 
nate to preceding paragraph, the air chamber may be adjusted to ambient or other 
temperature which may be determined with an accuracy of at least 1°F. in the 
following manner: After purging and rinsing the air chamber and pressure gage 
in accordance with directions on Preparation of Sample for Next Test, page 1958, 
connect the gage to the air chamber. Insert the thermometer into the air chamber, 
supporting it by means of a loosely-fitting (not air-tight) stopper in the opening of 
the air chamber. Adjust the position of the thermometer so that it is aligned as 
closely as possible with the axis of the air chamber, and with the thermometer 
bulb located in the air chamber, about 9 in. from the opening. Leave the ther- 



Fig. 40-19. Simplified Sketches Outlining Method of Transferring Sample to Gasoline 
Chamber from Open-T)pe Containers: (a) Sample Container Piioi to Transfer of Sample; 
(b) Sealing Closure Replaced by Sample Tiansfer Connection; (c) Gasoline Chambet 
Placed Cher Liquid Delivery Tube; (cl) Position of Scstem foi Sample Tiansfet. 


mometer in position until the temperature reading has remained constant within 
1°F. for a period of 5 minutes or more just before coupling the air chamber to the 
gasoline chamber. At this time, record the thermometer leading as the “initial air 
temperature.” 

Procedure. Sample Transfer.— With everything in readiness, remove the chilled 
sample container from the bath, uncap it, and insert the chilled transfer connection 
and air tube (see Fig. 40-19). Then place the empty chilled gasoline chamber o\er 
the sample delivery tube of the transfer connection. Invert the entire system 
rapidly so that the gasoline chamber is finally in an upright position with the 
delivery tube extending to within in. of the bottom of the gasoline chamber. 
Fill the gasoline chamber to overflowing. Lightly tap the gasoline chamber against 
the work bench to insure that the sample is free of air bubbles. If any sample is 
displaced, refill the chamber to overflowing. 

Assembly of Apparatus.— Without delay, and as quickly as possible, attach the 
air chamber to the gasoline chamber. Not more than 20 seconds shall be con- 
sumed in completing the assembly of the apparatus after filling the gasoline cham- 
ber, using the following sequence of operations: 

1. Refill the gasoline chamber to overflowing, 

2. Read the “initial air temperature” or remove the air chamber from the 100°F. 
water bath, and 

3. Connect the air chamber to the gasoline chamber. 
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Introduction of Apparatus into Bath Turn the assembled vapor pressure appv 
ntus upside down to allow the simple m the gasoline chamber to run into the 
u r clumber and shake vigorously in a direction parallel to the length of the 
ipp-irmis Immerse die assembled apparatus m the bath maintained at 100 ± 
0 2 F in an inclined position so that the connection of the gasoline and air chun 
bers is below the nater let el and may be obsened closely for leaks If no leaks 
ire obsened immerse the apparatus to at least 1 in above the top of the air diam 
her Observe the apparatus for leihs throughout the test When at any time a 
k ik is detected discard die test 

Note— liquid leaks are moie diffcult to detect linn vipor leaks and because tie 
much i sed coupling device is not mails m the liquid section of die apparatus & ne it 
particular attention 

Measurement of Vapor Pressure —After the assembled vapor pressure apparatus 
his been immersed in the bath for o minutes tap the pressure ga Q e lightly and 
obsenc the reading Withdraw the apparatus from the bath invert it si ike it 
vigoioush and replace it in the bath in the shortest possible time to ivoid cooling 
the ippiratus At intervals of not less than 2 minutes repeat this agitation and 
gage observation at least five times until the last two consecutive gage readings 
are constmt to insure equilibrium Iliese operations normally require 20 to 3(J 
minutes Reid the final gage pressure to the nearest 0 (b lb for gages with inter 
mediate graduations of 0 1 psi and to the nearest 0 1 lb for giges with graduations 
of 0 2 to 0 o pst ind record this value as the uncorrected vapor pressure of the 
sample under test Immediately remove the pressure gage and check its rcadug 
against that of the manometer recording the value found as the Reid vapor pres 
sure (under die Preparation of \ir Clumber (1011® F Procedure) on p l l bb) or as 
the minometcr reading to be u«ed m the cilculitions below (under the Prepira 
lion ol \ir Chamber (Ambient Temperature Procedure) on p J0 j7) 

Preparation of Apparatus for Next Test —Disconnect the air chamber gasoline 
chamber ind pressure gage (Note 1) Remove trapped fluid in the Bourdon tube 
bj repeated centrifugal thrusts This may be accomplished m the following man 
ner hold the gige between the palms of the hands with the right hand on the 
face side and the threaded connection of the gage forward Extend the amis for 
ward and upward it an angle of do” with the coupling of the gage pointing »> die 
sune direction Swing the arms downward through an arc of about 13a° so that 
the centrifugal force aids gravity in removing the trapped liquid Repeat this 
‘upivrertm ‘cmres *cu rxpe'i -th ’irqirrh Tinge foe pressure -gage 'uy •hr/ifwing-i- 
sm ill jet of nr into its Bourdon tube for it least 5 minutes Thoroughly purge lie 
air clumber of residual sample by filling the nr chamber with warm water (above 
90®F) and allowing it to drain (Note 2) Repeat this purging at least fi'e times 
After thoroughly removing the previous sample from the gisolme clumber im 
inerse the dumber in the ice bath for the next test 

Notl 1 —In the cave of crude oil the Bourdon tube must be washed with •* e 
solvent after each test 

Note 2— If the purging o f the air chamber is done in a bath be sure to avoid smilj 
and unnoticcable films of (loatui n simple by keeping the bottom mil top opening “ 
the chambers dosed as they piss through the surf ice of water 

Precautions —Gross errors can be obtained in vapor pressure measurements if 
the prescribed procedure is not followed carefully The following list emph J5,Kt 
the importance of strict adherence to the precautions given in the procedure 
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Checking the Pressure Gage— Check all gages against a manometer after each 
test in order to insure higher precision of results (see Measurement of Vapor Pres- 
sure, above). Read all gages while the gage is in a vertical position. 

Air Saturation of Sample.— Open and close the sample container once after the 
contents have reached a temperature of 32 to 40°F. Shake the container vigorously 
to insure equilibrium of the sample with the air in the container (see Air Satura- 
tion of Sample in Sample Container, p. 1956). 

Checking for Leaks— Check all apparatus before and during each test for liquid 
and vapor leaks (see Checking for Freedom from Leaks, p. 1955). 

Sampling— Because initial sampling and the handling of samples will greatly 
affect the final results, employ the utmost precaution and the most meticulous care 
to avoid losses through evaporation and slight changes in composition (see Han- 
dling of Samples, p. 1956). In no case shall any part of the Reid apparatus itself be 
used as the sample container previous to actually conducting the test. 

Purging the Apparatus— Thoroughly purge the pressure gage, the gasoline cham- 
ber, and the air chamber to be sure that they are free of residual sample. (This 
is most conveniently done at the end of the previous test.) (Preparation of Appa- 
ratus for Next Test, p. 1958). 

Coupling the Apparatus— Carefully observe the requirements of Assembly of 
Apparatus, p. 1957. 

Shaking the Apparatus— Shake the apparatus “vigorously” as directed in Measure- 
ment of Vapor Pressure, p. 1958, in order to insure equilibrium. 

Temperature Con trol.— Carefully control the temperature at the time of air 
saturation and the temperature of the 100°F. bath (see Water Bath and Water Cool- 
ing Bath, p. 1955). Be certain that the temperature of the air in the air chamber at 
the time of coupling with the gasoline chamber (see Assembly of Apparatus, p. 1957) 
has remained constant within 1°F. for a period of 5 minutes or more. 

Calculation. Change in Pressure of Water Vapor and Air— For the ambient 
temperature procedure described under Preparation of Air Chamber (Ambient 
Temperature Procedure, p. 1957, calculate the "Reid vapor pressure” of the sample 
under test by applying to the “manometer reading” the correction given in Table 
40-16 for the change in pressure of the water vapor and air in the chamber on 
heating from the "initial air temperature” to 100°F. 

Recording Results— It the 100°F. Procedure was employed (p. 1956), record the 
result observed in Measurement of Vapor Pressure, p. 1958, as the “Reid vapor pres- 
sure” in pounds without reference to temperature or to unit of surface. If the 
ambient temperature procedure was used, record the value resulting from the 
application of the correction from Change of Pressure of Water Vapor and Air, 
above, as the “Reid vapor pressure” without reference to temperature or unit of 
surface. 

MODIFICATIONS FOR PRODUCTS HAVING REID VAPOR 
PRESSURES ABOVE 26 POUNDS 

With products having vapor pressures over 26 lb. (Note), the procedure de- 
scribed in the foregoing sections is hazardous and inaccurate. Consequently, the 
following sections define changes in apparatus and procedure for the determination 
of vapor pressures above 26 lb. Except as specifically stated, all the requirements of 
the foregoing sections shall apply. 
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Table 40-16 Corrections to be Subtracted from “Manometer Readings’ 
for Calculating Reid Vapor Pressure 


Initial Air Temperature," 
deg Fahr 

Barometric Pressure, 0 mm 

760 1 

700 

600 

32 

2 90 

2 70 1 

2 45 

40 

2 60 

2 45 

2 20 

50 

2 20 

2 10 

1 90 

60 

1 80 

1 70 

1 55 

70 

1 40 

1 30 

1 20 

80 

0 95 

0 90 

0 85 

90 

0 50 

0 50 

0 45 

100 

0 00 

0 00 I 

0 00 

110 

-0 55 

1 -0 55 1 

-0 50 


" For other temperatures and pressures, the corrections may be calculated by means of the 
following equation 

cw„o 

460 + t 

where / = air chamber temperature at beginning of test, in degrees Fahrenheit, 

P =■ barometric pressure, in pounds per square inch, at time of test (if a barometer is 
not available, the normal barometric pressure may be used). 

Pi *= vapor pressure of water, in pounds per square inch absolute, at / deg Fahr , ana 
Pit o — \apor pressure of water, in pounds per square inch absolute, at 100° F *■ 0 95 
Calculated corrections are to be rounded off to the nearest 0 OS lb 

Example — -The pressure gage gives an “uncorrected vapor pressure” reading of 11 6 lb 
When the gage is compared to a mercury column, a “manometer reading” of 11 5 lb U 
obtained For an “initial air temperature” of 80° F and atmospheric pressure of 700 nun. 
the correction shown in Table 40-16 is 0 90 lb Because the “initial air temperature” isbelow 
100° F, this correction of 0 90 lb is subtracted from the “manometer reading” of 11 5 lb, 
giving a ‘Reid vapor pressure” of 10 60 lb 


Note— W hen the question arises the air saturation method shall he used to determine 
whcthei oi not a product has a vapor pressure above 26 lb 

Apparatus Bomb —As described on page 1953, using the gasoline chamber with 
two openings 

Pressure Gage Calibration —A deadweight tester (p 1956) ma) be used in plate 
of the mercury manometer for checking gage readings above 26 lb On pages 1933 
and 1939 and Tabic 40 16 where the words ‘ manometer” and “manometer reading 
appear, include as an alternate “dead weight tester" and “calibrated gage reading 
respectively 

Handling of Samples —The directions for simple container size, handling K® 
perature, and transfer on p 1936 do not apply 

Sample Container Size— The size of the sample container from which the vapor 
pressure sample vs taken shall not be less than 1 pt liquid capacity. 
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Preparation for Test.— The directions for air saturation of sample and chamber 
preparation on p. 1956 do not apply. 

Any safe method of displacement of the test sample from the sample container 
that assures filling the gasoline chamber with a chilled, unweathered sample may 
be employed. The following three paragraphs, together with the procedure below, 
describe displacement by self-induced pressure. 

Maintain the sample container at a temperature sufficiently high to maintain 
superatmospheric pressure but not substantially over 100°F. 

Completely immerse the gasoline chamber, with both valves open, in the cooling 
bath for a sufficient length of time to allow it to reach the bath temperature (32 to 
40°F.). 

Connect a suitable ice-cooled coil to the outlet valve of the sample container. 

Note.— A suitable ice-cooled coil can be prepared by immersing a spiral of approxi- 
mately 25 ft. of 14-in. copper tubing in a bucket of ice water. 

Procedure .— The earlier directions for sample transfer and assembly of apparatus 
on p. 1957 do not apply. 

Connect tire 14-in. valve of the chilled gasoline chamber to the ice-cooled coil. 
With the 14-in. valve of the gasoline chamber closed, open the outlet valve of the 
sample container and the 14-in. valve of the gasoline chamber. Open the gasoline 
chamber 14-in. valve slightly and allow the gasoline chamber to fill slowly. Allow 
the sample to overflow until the overflow volume is 200 ml. or more. Control this 
operation so that no appreciable drop in pressure occurs at the gasoline chamber 
14-in. valve. In the order named, close the gasoline chamber 14-in. and 14-in. 
valves; and dien close all other valves in the sample system. Disconnect the gaso- 
line chamber and the cooling coil. ( Caution : Safe means for disposal of liquid 
and vapor escaping during this whole operation must be provided. To avoid rup- 
ture because of the liquid-full condition of the gasoline chamber, the gasoline 
chamber must be quickly attached to the air chamber and the 14-in. valve opened.) 

Immediately attach the gasoline chamber to the air chamber and open the gaso- 
line chamber 14-in. valve. Not more than 25 seconds shall be consumed in com- 
pleting the assembly of the apparatus after filling the gasoline chamber, using the 
following sequence of operations: (1) read the initial air temperature or remove 
the air chamber from the water bath, (2) connect the air chamber to the gasoline 
chamber, and (3) open the gasoline chamber 14-in. valve. 

If a dead-weight tester is used instead of the mercury manometer, apply the 
calibration factor in pounds per square inch established for the pressure gage 
at or near the “uncorrected vapor pressure” to the “uncorrected vapor pressure,” 
recording the value found as the “calibrated gage reading” to be used in the 
calculations of p. 1959 and Table 40-16 in place of the “manometer reading.” 

Precautions .— The precaution section on air saturation of sample (p. 1959) does 
not apply. 

MODIFICATIONS FOR AVIATION GASOLINE OF ABOUT 
7 POUND VAPOR PRESSURE 

The following paragraphs define changes in apparatus and procedure for the 
determination of the vapor pressure of aviation gasoline. Except as specifically 
stated herein, all the requirements set forth above should apply. 
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Ratio of Air and Gasoline Chambers— The ratio of the volume of the air chan 
ber to the volume of the gasoline chamber should be between the limits of 3<b 
and 4 05 

Water Cooling Bath —The water cooling bath should be held at a temperature 
of 32 to 34°F 

Checking the Pressure Gage —The gage should be checked at 7 lb against a 
mercury column before each sapor pressure measurement to insure that it con 
forms to the requirements of section on Pressure Gage p 1955 This preliminary 
check shall be made m addition to the final gage comparison specified under meas- 
urement of sapor pressure (p 1958) 

Air Chamber Temperature —The pro\ lsions of Preparation of Air Chamber 
(100T Procedure) apply <p 1956) 

Precision —The following shall be used as a basis for judging the acceptability 
of results (95% probability) 

Repeatability —Duplicate results by the same operators should not be considered 
suspect unless the) differ by more than the amounts specified 


Range 

Repeatability 
(Same Operator 
and Apparatus) 

0 to 5 lb 

0 1 

5 to 16 lb (except aviation gaso 
line) 

02 

16 to 26 lb 

03 

Above 26 lb 

04 

Aviation gasoline (approximately 

7 lb ) 

0 1 


Reproducibility —The results submitted by each of two laboratories should not 
be considered suspect unless the) differ b) more than the amounts specified 


Range 

Reproducibility 
(Different Oper- 
ator and 
Apparatus) 

0 to 5 lb 

0 35 

5 to 16 lb (except aviation gaso- 
line) 

03 

16 to 26 lb 

04 

Above 26 lb 

07 

Aviation gasoline (approximately 
71b) 

015 
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CLOUD AND POUR POINTS 15 


The test for cloud point is intended for use only on oils which are transparent 


in layers 1% in. in thickness. 

The test for pour point is intended 
for use on any petroleum oil. 1 ’ i “ 

Definitions. Cloud Point.— The 
cloud point of a petroleum oil is the 
temperature at which paraffin wax or 
other solid substances begin to crystal- 
lize out or separate from solution when 
the oil is chilled under definite pre- 
scribed conditions. 

Pour Point.— The pour point of a 
petroleum oil is the lowest temperature 
at which the oil will pour or flow when 
it is chilled without disturbance under 
definite prescribed conditions. 

Appm atus .— The following apparatus 
shown in Fig. 40-20 should be used: 

Test Jar.— A test jar, a, of clear glass, 
cylindrical form, flat bottom, approxi- 
mately l%o to Die in. in inside diam- 
eter and 4^4 to 5 in. in height. An 
ordinary 4-oz. oil sample bottle may be 
used if it meets these requiiements, and 
no test jar is available. 

Thermometer.— An ASTM Cloud 
and Pour Test Thermometer having 
a range of —38 to +50°C. or —36 to 
+ 120°F., as specified, and conforming 
to the requiiements for thermometer 
5C or 5F, respectively, as prescribed in 
ASTM Specifications El, 10 or an ASTM 
Low Cloud and Pour Thermometer 
having a range of —80 to +20 °C. oi 
— 112 to +70°F., as specified, and con- 
forming to the requirements for ther- 
mometer 6C or 6F, respectively as 
prescribed in Specifications El. 



Tic. 40-20. Apparatus for Cloud and Pour 
Test, As Assembled for Cloud Test. 


Coik.— A coik, c, to fit the test jar, bored centrally to take the test thermometer. 
Jacket.— A jacket, d, of glass or metal, water tight, of cylindrical form, flat bot- 


« Standardized as ASTM D97-57 and ASA No.: Z1 1 5-1957. 

!5n Statements defining this test and its significance when applied to electrical insulating 
oils of mineial origin lull be found in ASTM Methods D117, Testing Electrical Insulating 
Oils 

10 Tot tests abo\e -65°r. it is permissible to use the ASTM Low Cloud and Pour Thei- 
mometets haring tanges of —60 to + 20°C. and —70 to +70°F., as preriously piesciibed 
foi thermometers 6C-39 and 6F-39 in the Standard Specifications for ASTM Thermom- 
etets El-46, 1946 Book of ASTM Standards, Part III-A, p. 718. 



1964 PFTROLLUM AND PFTROLLUM PRODUCTS 

tom about 4 *£ m in depth with inside dnmeter Vs to in greater than the 
outside diameter of the test jar 

Disk —A disk of cork or felt e % in in thickness and of the same diameter as 
the inside of the jacket 

Gasket A ring gasket / about m in thickness to fit snugly around the 
outside of the test jar and loosely inside the jacket This gasket may be made of 
cork felt or other suitable material elastic enough to cling to the test jar and 
hard enough to hold its shape The purpose of the ring gasket is to present the 
test jar from touching the jacket 

Bath —A cooling bath g of a type suitable lor obtaining the required tempera 
cures The size and shape of the bath are optional but a support suitable for 
holding the jacket firmly in a vertical position is essential For determinations 
of pour points below 50 F two or more baths should be at hand The required 
bath temperatures may be maintained by refrigeration if available others ise by 
suitable freezing mixtures 

Vote— The freezing mixtures commonly used are as follows 

For Temperatures 
Doitr To 


Ice and water 50 °F 

Crushed ice and sodium chloride 10°F 

Crushed ice and calcium chloride 
crystals — 15°F 

Solid carbon dioxide and acetone or 

gasoline • — 70 °F 


“ This mixture may be made as follows In a covered metal beaker chill a suitable amount 
of acetone or gasoline to 10°F or lower by means of an ice salt mixture Invert a cyl nder 
of hqu d carbon dioxide and draw off carefully into a chamois skin bag the desired amount of 
carbon dioxide which through rapid evaporation will quickly become sol d Then add to 
the chilled acetone or gasoline enough of the sol d carbon dioxide to give the desired tem 
perature 

Procedure for Cloud Point Bring the oil to be tested to a temperature at least 
2 d°F above the approximate cloud point Remove moisture if present by any 
suitable method as by filtration through dry lintless filter paper until the oil is 
perfectly dear but make such filtration at a temperature at least 2o°F above the 
approximate cloud point 

Pour the clear oil into the test jar a to a height of not less than 2 nor more 
than 2% in Mark the test jar to indicate the proper level 

Tightly close the test jar by the cork c carrying the test thermometer f> in a 
vertical position m the center of the jar with the thermometer bulb resting on the 
bottom of the jar 

Place the disk e in the bottom of the jacket d and insert the test jar with the 
ring gasket / 1 m above the bottom into the jacket The disk gasket and inside 
of jacket shall be dean and dry 

Maintain the temperature of the cooling bath g at SO to S5°F Support tie 
jacket containing the test jar firmly in a vertical position in the cooling bath so 
that not more than 1 in of the jacket projects out of the cooling medium 

At each test thermometer reading that is a multiple of 2 F remove the test jai 
from the jacket quickly but without disturbing the oil inspect for cloud an 
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replace in the jacket. This complete operation shall require not more than 3 
seconds. If the oil does not show a cloud when it has been cooled to 50°F., place 
the test jar in the jacket in a second bath maintained at a temperature of 0 to 
+5°F. If the oil does not show a cloud when it has been cooled to 20°F., place 
the test jar in the jacket in a third bath maintained at a temperature of —30 
to — 25°F. 

When such inspection first reveals a distinct cloudiness or haze in the oil at the 
bottom of the test jar, record the reading of the test thermometer, corrected for 
error if necessary, as the cloud point. 

Note.— A wax cloud oi haze is always noted fiist at the bottom of the test jar wheie 
the temperature is lowest A slight haze throughout the entile sample, which slowl) 
becomes more apparent as the temperature is lowered, is usually due to traces of watei 
in the od. Generali), this water haze will not inteifere with the detenuination of the 
wax cloud point. In most cases of interference, filtiation through dry lintless filter papeis 
is sufficient. 

In the case of diesel fuels, howevei, if the haze is rery dense, a fiesh poition of the 
sample should be dried by shaking 100 ml. with 5 g. of anh)drous sodium sulfate for at 
least S minutes and then filtering through dr) lintless filter paper. Given sufficient con- 
tact time, this will remove or sufficient^ 1 educe the watei haze so that the wax cloud 
can be readily discerned. Drying and filteiing should be done always at a temperatuie 
at least 25°F. above the approximate cloud point but otherwise not in excess of 120°F. 
Remove moisture, if piesent, b) any suitable method, as by filtiation through diy lintless 
filter paper until the oil is perfectly clear, but make such filtration at a temperature at 
least 25°F. abote the appioximate cloud point. 

Pioceduie for Pour Point .— Pour the oil into the test jar, a, to a height of not 
less than 2 nor more than 2}4 in. Mark the jar to indicate the proper level. 
When necessary, heat the oil in a water bath just sufficiently for pouring into the 
test jar. 

Close the test jar tightly by the cork, c, carrying the test thermometer, b, in a 
vertical position in the center of the jar with the thermometer bulb immersed so 
that the beginning of the capillary shall be % in. below the surface of the oil. 

Heat the oil, without stirring, to a temperature of 115°F. in a bath maintained 
at not higher than 118°F. Cool the oil to 90°F. in air or in a water bath approxi- 
mately 77°F. in temperature. Heat oils on which a pour point below — 30°F. is 
expected as above with the high cloud- and pour-test thermometer in position, cool 
to G0°F., place the low cloud- and pour-test thermometer in position, and then 
place the assembly in the jacket. Heat oils on which a pour point of above 90°F. 
is expected to 115°F. or to a temperature 15°F. above the expected pour point, 
with the high cloud- and the pour-test thermometer in position, and immediately 
intioduce the test jar into the jacket. 

Place the disk, e, in the bottom of the jacket, d, and insert the test jar, with the 
ling gasket, /, 1 in. above the bottom, into the jacket. The disk, gasket and inside 
of jacket should be clean and dry. 

After the oil has cooled enough to allow the formation of paraffin wax crystals, 
take great care not to disturb the mass of the oil nor to permit the thermometer 
to shift in the oil. Any disturbance of the spongy netw’ork of wax crystals will 
lead to low and fictitious results. 

Maintain the temperature of the cooling bath, g, at 30 to 35 °F. Support the 
jacket, containing the test jar, firmly in a vertical position in the cooling bath so 
that not more than 1 in. of the jacket projects out of the cooling medium. 

Beginning at a temperatuie 20°F. b.fore the expected pour point, at each test 
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thermometer reading that is a multiple of o°F remove the test jar from the jacket 
carefully and ult it just enough to ascertain whether there is a movement of the 
oil in the test jar The complete operation of removal and replacement shall 
require not more than 3 seconds If the oil has not ceased to flow when its tem 
perature has reached 50°F place the test jar in the jacket in a second bath main 
tamed at a temperature of 0 to -f-5 F It the oil Ins not ceased to flow when ns 
temperature has reached 20°F place the test jar m the jacket in a third bath 
maintained at a temperature of —30 to — 2o°F Tor determinations of very low 
pour points additional baths should be maintained with successively lower tem 
perature differentials of about 30°F In each case transfer the test jar when the 
temperature of the oil reaches a point 50°r above the temperature of the new 
bath At no time place the cold, test jar directly in the cooling medium As soon 
as the oil in the test jar does not flow when the jar is tilted hold the test jar m a 
horizontal position for ex ictly 5 seconds as noted by a stop watch or other accurate 
timing device and observe carefully If the oil shows any movement under these 
conditions replace the test jar immediately in the jacket and repeat a test for flow 
at the next temperature £>®F lower 

Continue the test in this manner until a point is reached at which the oil m 
the test jar shows no movement when the test jar is held in a horizontal position 
for exactly 5 seconds Certain lubricating oils tend to move as a whole and should 
be very closely observed Record the reading of the test thermometer at this tem 
perature corrected for error if necessary Take the pour point as the temperature 
5®F above this solid point 

SPECIAL PROCEDURE FOR BLACK OILS G\ LINDER STOCKS 
AND NONDISTII LATE FUEL OILS 

Special Procedure for Pour Point— In those cases where it is known that a sam 
pie has been subjected to some temperature higher than 1)5°F during the precetl 
ing 24 hours or where the history of the sample in this respect is not known hold 
the sample in the laboratory 24 hours before testing unless three consecutive tests 
in accordance with the six paragraphs preceding which st irt with the words 
Heat the oil without stirring of the same sample in the same test jar gne 

check results For these p irticular oils results obtained by one or the other of 
the alternative procedures shall be called the upper (maximum) pour point 

Determine the lower (minimum) pour point by heating i sample while stirring 
to 220°F Then pour the oil into the test jar cooled to 90°F as before and deter 
mine the pour point as described in preceding section 

Report both the upper and lower pour points 

Reproducibility of Results— Individual results of the pour test on the same oil 
in any one laboratory may vary by 5°F and in different laboratories by lfl’F 
although the average of three or more results in different laboratories should show 
a difference between averages no greater than 5°F For oils tested by the special 
procedure described in the preceding section reproducibility of this order canmt 
be expected, as these oils show anomalous pour points depending on their previous 
thermal history 16a 

tea It is a recognized property of these oils that the temperature to which they have been 
subjected before testing influences their pour points Although the lower pour points 
determined bv the special procedure will show approximately the reproducibility gn 
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EXISTENT GUM IN FUELS BY JET EVAPORATION 17 

This method describes a procedure for determining the gum existent in motor 
gasoline and aircraft fuels at the time of test. 

Definition. Existent Gum is the evaporation residue of aircraft fuel or the 
heptane-insoluble portion of the evaporation residue of motor gasoline. 



Outline of Method— A measured quantity of fuel is evaporated under controlled 
conditions of temperature and flow of air or steam. For aviation gasoline and air- 
craft turbine fuel, the resulting residue is weighed and reported as milligrams per 
100 ml. For motor gasoline, the residue is extracted with heptane, dried, weighed, 
and reported as milligrams per 100 ml. 

Apparatus. Evaporation Bath.— Either a solid metal block bath or liquid bath, 
electrically heated, and constructed in accordance with the general principles shown 
in Fig. 40-21 shall be used. The bath should have wells and jets for two or more 
beakers. The rate of flow from each outlet when fitted with the conical adapters 
should not differ from 1000 ml. per second by more than 15%. A liquid bath, 

above, vet the itppei pour points will show greater vaiiations depending on the pievious 
thermal history of the oils. Fmther inhumation on this subject is contained in Pioceecl- 
iugs. Am. Soc. Testing Mats., Vol. 31, Pait I, pp. 468 to 470 (1931), and Vol. 32, Part I, 
pp. 402 to 405 (1932). 

lr Appioved as ASTM D3ST611' and ASA No.: Z1 1 .36-1961 . 
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if used shall be filled to within 1 in of the top with a suitable liquid Tempera 
ture may be maintained b\ means of thermostatic controls or by refluxing liquids 
of suitable composition 

Flowmeter, capable of metering a flow of air or steam equivalent to 1000 ml 
per second for each outlet 

Steam Superheater, gas fired or electrically heated capable of delivering to the 
bath inlet the required amount of steam at 450°F (232° C ) 

Beakers of 100 ml capacity as illustrated in Fig 40 21 Arrange the beakers m 
sets the number in each set depending upon the number of beaker wells in the 
evaporating bath Permanently mark each beaker m the set with an identify!!)* 
number or letter reserving the lowest weight beaker for use as a tare 
Cooling Vessel —A desiccator or other type of tightly covered vessel for cooling the 
beakers before weighing The use of a drying agent is not recommended 
Balance, having a sensitivity of 0 a mg per scale division or better 
Thermometer, ASTM Partial Immersion having a range of 20 to 760 F or -o 
to +400 C as specified and conforming to the requirements for thermometer 3F 
or 3C respectively as prescribed in ASTM Specifications El 
Sintered Glass Filtering Funnel f ,R coarse porosity laO ml capacity 
Materials Air —Supply of filtered air at a pressure not more than 5 psi 
Steam —Supply of steam free of oily residue and at a pressure not less than 5 psi 
Gum Solvent— A mixture of equal volumes of benzene and acetone 
Heptane, ASTM knock test grade conforming to the requirements given in 
Table 40 17 


Table 40 17 Requirements for n Heptane 


ASTM Motor Octane Number 0 

00± 02 

Density at 20°C , b g per ml 
Refractive Index, 0 A 7 © 0 

0 68380 ± 0 00015 

1 38770 ± 0 00015 

Freezing Point, 1 * deg Cent 

-90 710 mm 

Distillation * 

50% Recovered, deg Cent 


(at 760 mm of Hg) 

98 427 ± 0 025 

Differential, 80% Recovered 
minus 20% Recovered, deg 


Cent 

0 020 max 


* Determined in accordance with ASTM Method D357 Test for Knock Characteristics 

of Motor Fuels Below 100 Octane Number by the Motor Method , 

& Determined in accordance with ASTM Method D217, Test for Density and SpeciK 
Gravity of Liquids by Bingham Pycnometer . 

1 Determined in accordance with ASTM Method D1218 Measurement of Refractive 
dex and Refractive Dispersion of Hydrocarbon Liquids ru h 

d Determined in accordance with ASTM Method D1015, Test for Freezing Points ot g 
Purity Hydrocarbons , , ,i 

• For equipment and method used see Journal of Research, Nat Bureau Standar ’ 
No 3 1950, pp 309 and 310 (RP2079) 

is A Coming No 36060 sintered glass filtering funnel has been found satisfactory f° r 
this purpose 
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Note.— These requirements foi u-heptane ate identical, except for tetraeth)l lead, with 
those prescribed in the 1961 Supplement to the ASTM Manuals for Engine Ratings of 
Fuels. 19 

Assembly of Air-Jet Apparatus.— Assemble the air-jet apparatus as shown in Fig. 
40-21. With the apparatus at room temperature, adjust the air flow to give a 
rate of 600 ml. per second for the outlet under test. Check the remaining outlets 
for uniform air flow. Make necessary changes to individual outlets if the rate 
differs by more than 600 ± 90 ml. per second. 

Note.— A flowmeter reading of 600 ml. pet sec. foi each outlet on a flowmeter calibrated 
at room tempeiature and atmospheric presstne will insuie deliver) of 1000 ± 150 ml. per 
second at the temperatuie of 311 ± 9°F. (155 ± 5°C.), pioiided the piessuie on the outlet 
of the flowmeter is not greatei than 5 psi. 

To place the apparatus in operation, apply heat to the bath. When the tempera- 
ture reaches 324°F. (162°C.), introduce air into the apparatus until a rate of 
1000 ± 150 ml. per second for each outlet is reached. Measure the temperature in 
each well with an ASTM Thermometer 3F or 3C placed with the bulb resting on 
the bottom of the beaker in the well. Any well having a temperature that differs 
by more than 9°F. (5°C.) from 311°F. (155°C.) is not suitable for standard tests. 

Assembly of Steam-Jet Apparatus.— Assemble the steam-jet apparatus as shown 
in Fig. 40-21. 

To place the apparatus in operation, apply heat to the bath. When the tempera- 
ture reaches 450°F. (232°C.), apply heat to the superheater and slowly introduce 
dry steam into the system until a rate of 1000 ± 150 ml. per second for each outlet 
is reached. Regulate the temperature of the bath to a range of 450 to 475°F. (232 
to 246°C.) and the superheater to provide a well temperature of 450 ± 5°F. (232 ± 
2.8°C.). Measure the temperature with an ASTM Thermometer 3F or 3C, placed 
with the bulb resting on the bottom of a glass sample container in one of 
the bath wells with the conical adapter in place. Any well having a temperature 
that differs by more than 5°F. (2.8°C.) from 450°F. (232°C.) is not suitable for 
standard tests. 

Calibrate the flowmeter by successively condensing the steam flow from each 
outlet and weighing the water condensate. To accomplish this, attach a copper 
tube to a steam outlet and extend the tube into a 2-1. graduate that has been filled 
with crushed ice and then weighed. Exhaust the steam into the graduate for 
approximately 60 seconds. Adjust the position of the graduate so that the end of 
the copper tube is immersed in the water to a depth of less than 2 in. to prevent 
excessive back pressure. Weigh the graduate. The gain in weight represents the 
amount of steam condensed. Calculate the steam rate as follows: 

„ (IV -w) 1000 

R — ; 

kt 

where R = steam rate, milliliters of steam at 450°F. (232°C.) per sec., 

W = weight of graduate with condensed steam, in grams, 
w = weight of graduate and ice, in grams, 

k = weight of 1000 ml. of steam at 450°F. (232°C.) at atmospheric pressure = 
0.434 g., and 

t = condensing time, in seconds. 

10 Issued as a separate publication. 
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Adjust the flow to give a steam rate of 1000 nil per second for the outlet under 
test Check the remaining outlets for uniform steam flow Make necessarv changes 
to individual outlets if the rate varies b\ more than loO ml of steam per second 
With all outlets adjusted to dein er 1000 lo0 ml of steam per second record 
the flowmeter reading and use this setting for subsequent testing 
Procedure — W ash the beakers (including the tire) with the gum sohent until 
free of gum Rinse thoroughly with water and immerse for at least 6 hours in 
chromic acid cleaning solution Remote the beakers from the cleaning solution 
b\ means of stainless steel forceps and handle onl\ with forceps thereafter Wash 
the beakers thoroughlv first with tap water and then with distilled water and dry 
in an oven at 302T (150*C) for at least 1 hour Cool the beakers for at least 
2 hours in the cooling vessel placed in the wcimty of the balance 
Select the operating conditions corresponding to the motor gasoline or auation 
fuel under test from the data given in Table 40 18 Heat the bath to the pre 


Table 40 18 Schedule of Test Conditions 


Sample Type 

Vaporizing 

Medium 

Operating Temperature 

Bath 

Test Well 

Aviation and motor gasoline 

Air 

320 to 329 °F 

302 to 320°F 



(160 to 165°C ) 

(150 to 160°C ) 

Aircraft turbine fuel 

Steam 

4d 0 to 475°F 

44^ to 4 d3°F 



(232 to 246°C ) 

(229 to 23a°C ) 


scribed operating temperature Introduce air or steam to the apparaus and adjust 
the flow to 1000 ± laO ml per second If an external preheater is used regulate 
the temperature of the \aponzmg medium to gi\e the prescribed test well tern 
perature 

Place the tare beaker on the right hand pan of the balance and weigh the test 
beakers to the nearest 0 1 mg When a single pan type balance is used weigh the 
tare beaker as a blank Record the weights 

If suspended or settled solid matter is present mix the contents of the container 
thoroughly Immediate!) filter at atmospheric pressure a quantit) of the fuel 
through a sintered glass funnel of coarse porosit) 1 reat the filtrate as described 
below 

B) means of graduates add o0 ml of fuel to each beaker except the tare using 
one beaker for each of die fuels to be tested Place the filled beakers (including 
the tare) in the evaporation bath The elapsed time between placing the first and 
last beaker in the bath must be as short as possible When evaporating fuels by 
means of air replace the conical jet as each individual beaker is placed in the 
bath When using steam allow the beakers to heat for 3 minutes before replacing 
the conical jet which must be preheated in the steam stream prior to attic un„ 
to the outlets Center the jets above the surface of the liquid Maintain t e 



PETROLEUM AND PETROLEUM PRODUCTS 1971 

temperature and rate of flow and allow the fuel to evaporate for 30 minutes. 
Samples tested simultaneously should have equal evaporation characteristics. 

At the end of the heating period, remove the beakers from the bath and allow 
them to cool to room temperature. Segregate the beakers containing the residues 
from motor gasolines for finishing as described in the second, third, and fourth 
paragraphs following. Treat the remaining beakers as described in the following 
paragraph. 

Place the beakers containing the residues from aviation gasolines and aircraft 
turbine fuels in the cooling vessel in the vicinity of the balance for at least 2 hours. 
Weigh the beakers in the same manner as described in the paragraph above, begin- 
ning “Place the tare beaker . . .” Record the weights. Calculate the existent gum 
as described in the section below headed "Calculation.” 

To each of the beakers containing the residues from motor gasolines segregated 
as directed in the above paragraph beginning “At the end of the heating pe- 
riod . . .”, add 25 ml. of n-heptane and swirl gently for 30 seconds. Allow the 
mixture to stand for 10 minutes. Treat the tare beaker in the same manner. 

Decant and discard the heptane solution, taking precaution to prevent the loss 
of any solid residue. 

Repeat the extraction with a second 25-mi. portion of ??-lieptane as described in 
the preceding two paragraphs. Repeat the extraction a third time, if the extract 
is colored. 

Place the beakers, including the tare, in the gum bath maintained at 320 to 
329°F. (160 to 165°C.) and, without replacing the conical jets, allow the beakers to 
dry for 5 minutes. 

At the end of the drying period, remove the beakers from the bath, place them 
in a cooling vessel, and allow to cool in the vicinity of the balance for at least 
2 hours. Weigh the beakers in the same manner as described in the earlier para- 
graph beginning. “Place the tare beaker . . .” Record the weights. Calculate the 
existent gum as described below. 

Calculation— If a double-pan balance is used, calculate the existent gum content 
as follows: 


A = 2000(Z? - C) 

where A = existent gum content, milligrams per 100 ml., 

B = weight of sample beaker plus existent gum, in grams, and 
C = weight of empty sample beaker, in grams. 

If a single-pan balance is used, calculate the existent gum content as follows: 

A = 2000 (B - C+ X- Y) 

where A = existent gum content, milligrams per 100 ml., 

B = uncorrected weight of sample, beaker plus existent gum, in grams, 

C = weight of empty sample beaker, in grams, 

X = original weight of tare beaker, in grams, and 
Y — final weight of tare beaker, in grams. 

Report.— Report the existent gum values, to the nearest milligram per 100 ml. 

After the numerical value for existent gum, designate by the word "filtered” the 
fact that extraneous material has been removed as provided for in the earlier 
paragraph beginning, “If suspended or settled solid . . .”. 
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Precision —Two determinations on the same sample should not differ from each 
other by more than the amounts shown in Fig 4Q 22 



0 5 10 15 20 25 30 

Existent Gum mg Per 100 ml 
Fic -10 22 Precision 


WATER IN PETROLEUM PRODUCTS AND OTHER 
BITUMINOUS MATERIALS 

This method of test is used to determine the water content of bituminous mate 
rials by distillation with a water immiscible, volatile solvent The method is suit 
able for a variety of bituminous materials, but it is especially applicable to crude 
petroleums and tars and products derived from them, such as fuel oils road oils 
creosotes, road tars, and asphalts 

Outline of Method —The macenai is heated under reflux with a waccr immtscibk 
solvent which co distills with, the water in the sample Condensed solvent and 
water are continuously separated in a trap the water settling in the graduated sec 
tton of the trap and the solvent returning to the still 
Apparatus 20 — The apparatus comprises a glass or metal still, a heater, a reflux 
condenser, and a graduated glass trap The still, trap, and condenser may be con 
nected by any suitable method for producing a leak proof joint Preferred con 
nections are ground joints for glass to glass and O rings for metal to glass Tjpical 
assemblies are illustrated in Figs 40 23 and 40 24 
Still.— A glass or metal vessel having a nominal capacity of 500 to 1000 ml and 
a short neck accommodating the reflux tube of the trap 

Standardized as AST\I D95 58 and ASA No Zll 9 1956 , 

20 Constructional details of the apparatus are prescribed in ASTM Specifications tu , 
for Apparatus for Determination of Water by Distillation 
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Fic. 40-2-4. T)pical Assemblies with Metal Still; Trap Should Be 15 to 16 mm. I.D. 
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Heater— An) suitable gas burner or electnc heater may be used with the glass 
flash A gas ring burner with ports on the inside circumference shall be used with 
the metal still 

Condenser— A straight tube condenser having a jacket at least 400 min long 
and an inner tube whose outside diameter is 9 5 to 12 7 mm 
Trap— A glass trip of 10 or 2 j ml opacity The traps shall be graduated m 
0 1 ml divisions with a ±0 05 ml maximum error below 1 ml and in 0 2ml 
divisions with a ±0 1 ml m iximum error above 1 ml 
Solvent — Tor gcneri] use an aromatic solvent is preferred since it has high 
solvencv and dispersing power lor most bituminous mittnals Xylol or a blend 
of 20% benzol md 80% xylol is recommended 

For asphalts and similar petroleum products a petroleum distillate a% boiling 
between 194 md 212°F and 90% distilling below 410 T may be used 
For coaltar watergis tar and simil tr materials the iromatic solvent must be 
used 

Sample The portion of the sample used lor the test must be thoroughly rtpre 
sentative of the total sample 11 the material is liquid thoroughly stir the sample 
is received warming if necessary to insure unilorrmty Crush the solid materials 
that are sufficiently brittle mix thoroughly and take a representative sample for 
analysis When there is doubt as ui the umlormity o[ the material run a number 
of samples and average the data 

Base the size of the test poition on the estimated water content of the sample 
such that the water vitld does not exceed the capacity of the trap 

Procedure —Transfer a suitable amount of sample measured with an accuracy 
of ±1% to the still Measure ordinary liquid samples in a graduated cylinder 
of appropriate size Rinse the miternl adheimg to the cylinder into the mil 
with one 50 ml and two lo ml portions ol the solvent Dram the cylinder thor 
oughly after the sample transfer md each rinsing W eigh solid or semi sol d male 
rials or bituminous emulsions directly into the still and add 100 ml of solvent 
When large samples are being analyzed a solvent volume in excess of 100 ml may 
be necessary 

Assemble the components of the apparatus as illustrated in Figs 40 23 and 40-24 
making all connections vapor and liquid tight If a metal still with removable 
cover is used insert a gasket of heavy paper moistened with solvent between the 
still body and cover The condenser tube and trap must be chemically clean to 
assure free drainage of vv iter into the bottom of the trap Insert a loose cotton 
fJ-'-'g «w Abe Asyp .cv f Abe Asywileejee as* j wwavJ Aswvdfvv/ eAvsw s\f jAwici^Evhfirjr moisture 
inside it Circulate cold water through the jacket of the condenser 

\pply heat to the still adjusting the rate of boiling so that condensed distillate 
discharges from the condenser at the rate of 2 to 5 drops per second If the metal 
still is used start heating with the ring burner about 3 in above the bottom of the 
still and gradually lower the burner as the distillation proceeds Continue distilla 
tion until no water is visible in any part of the apparatus except in the trap it 
there is a persistent ring of water in the condenser tube increisc the rite of distil 
lation or cut off the condenser water for a few minutes 
When the evolution of water is completed allow the trap and contents to coo 
to room temperature Dislodge any drops of water adhering to the sides of t e 
trap with a glass or polvtetrafluorethylene or other suitable means and transer 
them to the water layer Read the volume of the water in the trap to the nearest 
scale division 
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Report.— Report the water in the sample as per cent by weight or volume, accord- 
ing to the basis on which the sample was taken, calculated as follows: 


Water, % = 


vol. of water in trap 
wt. (or vol.) of sample 


X 100 


Volatile water-soluble material present may also be measured as water. 

Precision .— Two tests of the same material should agree within the greater of the 


following limits: 

Repeatability 

Reproducibility 


( Same Appa- 

(Different Ap- 

Volume of Water 

ratus and 

paratus and 

Collected , ml. 

Operator ) 

Operator) 

0 to 1 

0.1 ml. 

0.2 ml. 

Over 1 to 25 

0.1 ml. or ±1% 

0.2 ml. or ±5® 


of the mean 

of the mean 


WATER AND SEDIMENT IN FUEL OILS BY CENTRIFUGE 

This method describes a procedure for the determination of water and sediment 
in fuel oils and related petroleum products by means of the centrifuge. 

Note.— With some types of fuels, especially residual fuels, it is difficult to obtain an 
accurate water and sediment content in accordance with this method, due to suspended 
carbon or other materials. When this situation is encountered, ASTM Method D95, Test 
for Water in Petroleum Products and Other Bituminous Materials, and ASTM Method 
D473, Test for Sediment in Fuel Oil by Extraction, may be used. 

Apparatus. Centrifuge, capable of whirling two or more filled centrifuge tubes 
at a speed which can be controlled to give a relative centrifugal force (r.c.f.) of be- 
tween 500 and 800 at the tip of the tubes. The revolving head, trunnion rings and 
trunnion cups, including the cushions, shall be soundly constructed to withstand 
the maximum centrifugal force capable of being delivered by the pow'er source. 
The trunnion cups and cushions shall firmly support the tubes when the centrifuge 
is in motion. The centrifuge shall be enclosed by a metal shield or case strong 
enough to eliminate danger if any breakage occurs. Calculate the speed of the 
rotating head as follow's: 


r.p.m. = 

where r.c.f. = relative centrifugal force, and 

d = diameter of swing, in inches, measured between tips of opposite tubes 
when in rotating position. 

Centrifuge Tube, cone-shaped, conforming to dimensions given in Fig. 40-25 and 
made of thoroughly annealed glass. The graduations, numbered as shown in Fig. 
40-25, shall be clear and distinct, and the mouth constricted in shape for closure 
with a cork. Scale error tolerances and smallest graduations between various cali- 
bration marks are given in Table 40-19, and apply to calibrations made with air- 
free water at 20°C. reading the bottom of a shaded meniscus. 

21 Approved as ASTM D1796-60T. 
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Injide Toper Shope 

Tic 40 25 \ST\I Centrifuge Tube For \olumetnc Tolerances see Table 40 19 


Table 40 19 Cevtriflce Tube Calibration Tolerances 


Range, ml 

Subdivi- 
sion, ml ! 

Volume 

Tolerance, 

ml 

0 to 0 1 

0 05 

±0 02 

Above 0 1 to 0 3 

0 05 

±0 03 

Above 0 3 to 0 5 

0 05 

±0 05 

Above 0 5 to 1 0 

0 10 | 

±0 05 

Above 1 0 to 2 0 

0 10 

±0 10 

Above 2 0 to 3 0 

0 20 1 

±010 

Above 3 0 to 5 0 

05 

±0 20 

Above 5 0 to 10 

1 0 

±0 50 

Above 10 to 25 

50 

±1 00 

Above 25 to 100 

25 

±1 00 
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Bath.— The bath shall be either a solid metal block bath or a liquid bath of 
sufficient depth for immersing the centrifuge tube in vertical position to the 100-ml. 
mark. Means shall be provided for maintaining temperatures at 120 ± 2°F. (49 ± 
1°C.) and 140 ± 2°F. (60 ± 1°C.). 

Solvent .— Toluene conforming to ASTM Specifications D842, for Industrial Grade 
Toluene; or Benzene, conforming to ASTM Specifications D836, for Industrial 
Grade Benzene, may be used as the solvent. A demulsifier 210 shall be added to the 
solvent. The type and concentration is not limited, provided that the demulsifier 
itself does not contribute to the volume of water and sediment. The solvent shall 
be water saturated at ambient temperature, but shall be free of suspended water. 
This may be accomplished by the addition of 3 ml. of water per gallon of solvent. 
Shaking will aid in saturation, but adequate settling time is necessary to insure 
that the solvent is free of suspended water before use. 

Note.— T oluene is the preferable solvent because of its lower toxicity. 

Sample .— The sample shall be thoroughly representative of the material in ques- 
tion and the portion used for the test shall be thoroughly representative of the 
sample itself. This requires vigorous agitation of the sample before transfering 
the sample to the tube. Cold samples of heavy fuel oils should be warmed to 
facilitate mixing. The difficulties in obtaining representative samples for this 
determination are unusually great; hence, the importance of sampling cannot be 
too strongly emphasized. 

Procedure .— Fill the centrifuge tube exactly to the 50-ml. mark with the solvent; 
then pour the well shaken sample directly from the sample container into the cen- 
trifuge tube until the total volume in the tube is exactly 100 ml. Read the top 
of the meniscus at both the 50- and 100-ml. marks. Stopper the tube tightly and 
shake vigorously until the contents are thoroughly mixed. Immerse the tube to 
the 100-ml. mark for 10 minutes in the bath maintained at 120 ± 2°F. (49 ± 1°C.). 

Note.— I f wax contributes to the volume of water and sediment observed, preheat the 
oil-solvent mixture to 140°F. (60°C.) before each whirling; the final temperature of the 
oil-benzene mixture should not drop below 115°F. (46°C.). 

Shake the tube vigorously until thoroughly mixed, place in a trunnion cup 
opposite another filled tube to establish a balanced condition, and whirl 10 min- 
utes at a rate, calculated from the equation given under Centrifuge (above), suffi- 
cient to produce a relative centrifugal force (r.c.f.) of between 500 and 800 at the 
tip of the whirling tubes (see Table 40-20 for the relationship between diameter 
of swing, r.c.f., and r.p.m.). Read and record the combined volume of water and 
sediment at the bottom of the tube to the nearest 0.05 ml. from 0.1- to 1-ml. gradu- 
ation and to the nearest 0.1 above 1-ml. graduation. Beloiv 0.1 ml., estimate to 
the nearest 0.025 ml. Return the tube to the centrifuge and whirl for 10 minutes 
at the same rate. Repeat this operation until the combined volume of W'ater and 
sediment remains constant for two consecutive readings. In general, not more than 
two whirlings are required. 

Note.— I f the oil-water interface is not sharply defined or an emulsion phase is present, 
use a different or an increased amount of demulsifier. 

-ni Commercial crude oil demulsifiers, such as Tretolite F-4G and C-10 at a concentration 
of 25 ml. per gal. of solvent, have been successfully used. 
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Table 40-20 Rotation Speeds Applicable for Centrifuges op 
Various Diameters of Swing 


Diameter of , 
Swing, in * 

Rpm at 
500rcf 

Rpm at 
800 r c f 

12 

1710 

2160 

13 

1650 

2080 

14 

1590 

2000 

15 

1530 

1930 

16 

1480 

1870 

17 

1440 

1820 

18 

1400 

1770 

19 

1360 

1720 

20 

1330 

1680 

21 

1300 

1640 

22 

1270 

1600 

23 

1240 

1560 

24 

1210 

1530 


• Measured in inches between tips of opposite tubes when ui rotating position 



0 01 02 03 04 05 


Precision, 95 Per Cent Confidence Limit 


Fjg 40 26 Precision Curses for Centrifuge Tube Methods 
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Calculation and Report.— Multiply the combined volume of water and sediment 
by two and record the product as the percentage of water and sediment. Report 
results lower than 0.05% either as zero or 0.05, whichever is closer. 

Report the type and amount of demulsifier used. 

Precision.— The following criteria should be used for judging the acceptability of 
results (95% probability): 

Repeatability .— Duplicate results by the same operator should not be considered 
suspect unless they differ by more than the values shown on the “repeatability” 
curve in Fig. 40-26. 

ANILINE POINT AND MIXED ANILINE POINT OF PETRO- 
LEUM PRODUCTS AND HYDROCARBON SOLVENTS 22 

This method describes the test procedures for determining the aniline point of 
petroleum products and hydrocarbon solvents, provided the aniline point is below 
the bubble point and above the solidification point of the aniline-sample mixture. 

Tin's method also provides a procedure 
for determining the mixed aniline point 
of petroleum products and hydrocarbon 
solvents having aniline points below the 
temperature at which aniline will crystal- 
lize from the aniline-sample mixture. 

Definitions. Aniline Point is the mini- 
mum equilibrium solution temperature 
for equal volumes of aniline and sample. 

Mixed Aniline Point is the minimum 
equilibrium solution temperature of a 
mixture of two volumes of aniline, one 
volume of sample, and one volume of 
n-heptane of specified purity. 

Outline of Method ,.— Specified volumes 
of aniline and sample or aniline and 
sample plus diluent are placed in a tube 
and mixed mechanically. The mixture 
is heated at a controlled rate until the 
two phases become miscible. The mix- 
ture is then cooled' at a controlled rate 
and the temperature at which the two 
phases separate is recorded as the aniline 
point or mixed aniline point. 

Apparatus for Method /.-The apparatus shown i n Fig. 40-27 shall consist of the 
following: 

Test-Tube.— A test-tube approximately 25 mm. in diameter and 150 mm. in 
length, made of heat-resistant glass. 

Jacket.— A jacket approximately 37 to 42 mm. in diameter and 175 mm. in length, 
made of heat-resistant glass. 



— Appiovcd as ASTM D611-55T. 
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If the aniline point is below the dew point of the atmosphere piovide the aniline point 
tube with a slow stream of dry inert gas to blanket the aniline-sample mixture. 

ASTM Aniline Point Thermometers, having ranges of -36.5 to + 107.5°F. (-38 
to +42°C.), 77 to 221°F. (25 to 105°C.), and 194 to 338°F. (90 to 170°C.) and con- 
forming to the requirements for thermom- 
eters 33°F. (33°C.), 34° F. (3 4°C.), and 35°F. 

(35 °C.) as prescribed in ASTM Standard 
Specifications El. 

Pipets, with capacities of 10 ± 0.04 ml. 
and 5 ± 0.02 ml. Provide a rubber suction 
bulb for use with one of the 10-ml. pipets 
when measuring aniline. 

Balance.— A laboratory balance sensitive 
to 0.01 g. suitable for weighing the tube and 
sample when the sample cannot be pipetted 
conveniently. 

Apparatus for Method II. Thin-Film 
Apparatus made of heat-resistant glass and 
stainless steel, conforming to the dimensions 
given in Fig. 40-28. A suggested assembly 
is shown in Fig. 40-29. 

All the remainder of the apparatus for 
Method II, the Heating and Cooling Bath, 
the Thermometers, the Pipets, and the Bal- 
ance, is the same as that used for Method I. 

Reagents. Aniline.— Dry c.p. aniline over 
potassium hydroxide pellets, decant, and 
distill fresh on the day of use, discard- 
ing the fust and last 10%. Aniline thus 
prepared shall give an aniline point of 
156.7 ± 0.4°F. (69.3 ± 0.2°C.) as determined 
from the average of two independent tests 
having a difference of not over 0.2°F. 

(0.1 °C.) when tested with n-heptane accoid- 
ing to the Procedure below. 

Note 3.— Caution.— Aniline should not be pipetted directly by mouth because of its 
extreme toxicity. Aniline is also toxic by absorption thiough the skin, e\en in vet y small 
quantities, and should be handled with gTeat caution. 

Note 4. As an alteinatire to distilling the aniline on the da) of use, the aniline mat 
be distilled as dcsciibed above, collecting the distillate in ampoules, sealing the ampoules 
undei \acuum oi dry nitrogen and storing in a cool dark place for future use. In either 
case, rigid piecaution must be taken to avoid contamination from atmospheric moisture 
(Note 2). It is belie\ed that under these conditions the aniline will remain unchanged 
for a period exceeding 6 months. ° 

Anhydrous Sodium Sulfate. 

" Heptane, conforming to the requirements listed in Table 40-21 . 

Sample .— Dry the sample by shaking vigorously for 3 to 5 minutes with about 
10 per cent by volume of a suitable drying agent such as anhydrous calcium sulfate 
or anhydrous sodium sulfate. Reduce the viscosity of viscous samples by wanning 



Fic. 40-29. Assembly of Thin-rilm Ap- 
paratus. 
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Table 40-21 Requirements for tj-Heptane 


ASTM Motor Octane Number a 

0 0 ± 0 2 

Density at 20°C , 4 g per ml 
Refractive Index,' Nd c 

0 68380 ± 0 00015 

1 38770 ±0 00015 

Freezing Point, - deg Cent 

— 90 710 min 

Distillation • 

50% Recovered, deg Cent 


(at 760 mm ofHg) 

98 427 ± 0 025 

Differential, 80% Recovered 
minus 20% Recovered, deg 


Cent 

0 020 max 


“ Determined in accordance with ASTM Method D357, Test for Knock Characteristics 
of Motor Fuels Below 100 Octane Number by the Motor Method 

‘ Determined in accordance with ASTM Method D1217, Test for Density and Specific 
Gravity of Liquids by Bingham Pycnometer 

‘ Determined in accordance with ASTM Method D1218, Measurement of Refractive Index 
and Refractive Dispersion of Hydrocarbon Liquids 

* Determined in accordance with ASTM Method D101 5, Test for Freezing Points of High 
Purity Hydrocarbons 

* For equipment and method used see Journal of Research Nat Bureau Standards 44, No 3 
1950 pp 309 and 310 (RP2079) 

to a temperature below that which would cause the loss of light ends or the de 
hydration of the dicing agent Remote any suspended drying agent by centrifu 
gation or filtration When suspended water is tisibly present and when the sample 
material is known to dissolve less than 0 03 per cent of water by weight, cemnfu 
gation for the remot il of suspended water is in accept ible procedure 

Procedure— General 

Juo methods to be used as applicable, are covered as [ollous 

Method 1, described below, is applicable to clear, light colored samples or to 
samples not darker than No 6 ASTM color, as determined by ASTM Method 
D155, Test for Color of Lubricating Oil and Petrolatum b) Means of ASTM Union 
Colorimeter 

Method 2, described below, is applicable to light colored samples to moderately 
dark samples, and to v ery dark samples 

Procedure— Method 1 . -Clean and dry the apparatus Pipct 10 ml of amlme 
(Caution — See Note 3) and 10 ml of the dry sample into the air jacketed tube 
fitted with stirrer and thermometer If the material is too viscous for pipetmg 
weigh to the nearest 001 g a quantity of the sample corresponding to 10 ml at 
room temperature Center the thermometer in the test tube so that the immersion 
mark is at the liquid level, making sure that the bulb does not touch the side ol 
the tube 

Stir the sample rapidly, using a 2m stroke, avoiding the inclusion of air bu 
hies, and, if necessary heating at a rate of approximately 2 to 5“F (1 to 3“C) P CT 
minute until complete miscibility is obtained, by applying heat directly to t ic 
jacket tube If the aniline sample mixture is completely miscible at room ttm 
perature, substitute a nonaqueous cooling bath for the heating source 
stirring and allow the mixture to cool slowly it a rate of 1 0 to 1 8°F (0 5 to J 
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per minute. Continue cooling to a temperature of 2.0 to 3.5°F. (1 to 2°C.) below 
the first appearance of turbidity and record as the aniline point the temperature 
at which the mixture suddenly becomes cloudy throughout (Note 5). This will 
be the minimum equilibrium solution temperature and not die temperature of 
separation of minor portions of the samples. 

Note. 5.— The true aniline point is characterized by a turbidity which increases sharply 
as the temperature is lowered. 

Repeat die observation of aniline point temperature by heating and cooling re- 
peatedly until a report as directed under Report can be made. 

Procedure— Method 2.— Clean and dry die apparatus. Pipet 10 ml. of aniline 
(Caution.— See Note 3) and 10 ml. of the sample into the air-jacketed tube fitted 
with stirrer and diermometer. If the material is too viscous for pipetting, weigh 
to the nearest 0.01 g. a quantity of sample corresponding to 10 ml., at room tem- 
perature. Place the thermometer in the tube so that the contraction chamber is 
below the liquid level, and so that the mercury bulb does not touch the side of the 
tube. 

Adjust the speed of the pump to produce a continuous stream of the oil-aniline 
mixture in the form of thin film flowing over the light well. With extremely dark 
oils, operate the pump slowly and lower it so that the delivery tube nearly touches 
the top of the light well, thus obtaining a film that is continuous and thin enough 
to permit observation of the aniline point. Adjust the voltage on the lamp until 
just enough light is given for the filament to be visible through the film. Raise the 
temperature of the mixture at a rate of 2.0 to 3.5°F. (1 to 2°C.) per minute until 
the aniline point has just been passed as denoted by a definite, sudden brightening 
of die lamp filament, and by the disappearance of the more or less opalescent con- 
dition of die film (Note 6). Discontinue heating and adjust the lamp voltage so 
that the filament appears dear and distinct but not uncomfortably bright to the 
eye. Adjust the temperature of the bath so that the sample-aniline mixture cools 
at a rate of 1.0 to 1.8°F. (0.5 to 1.0°C.) per minute and note the appearance of the 
film and light filament. Record as the aniline point the temperature at which a 
second phase appears as evidenced by the reappearance of the opalescent condition 
of the film (usually causing a halo to appear around the lamp filament) or by a 
sudden dimming of the lamp filament, or both. 

Note 6.— For those making the test for the first time, the following procedure may be 
helpful: Make preliminary operational adjustments and tests, using a colorless sample- 
aniline mixture and observing the changes taking place in the body of the liquid and 
film. Make rough tests with dark oils to become familiar with the appearance of the 
film and light source as the mixture passes from the clear state above the aniline point 
to the translucent state below. If the sample is such that there is difficulty in observing 
the exact point of the phase change, make experiments with the sample, using various 
intensities of light and paying particular attention to the appearance of the light in the 
immediate vicinity of the lamp filament. 

Repeat the observation of aniline point temperature by heating and cooling 
repeatedly until a report as directed under Report can be made. 

Procedure for Mixed Aniline Point .- This procedure is applicable to samples 
having aniline points below the temperature at which aniline crystallizes from the 
mixture. Pipet 10 ml. of aniline (Caution .- See Note 3), 5 ml. of sample, and 
5 ml. of n-heptane into a clean, dry apparatus. Determine the aniline point of 
the mixture by Method 1 or 2, as described above. 
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Report— If the range of three successiv e observations of the aniline point tern 
perature is not greater than 0 2°F (0 1°C) for light colored samples or 0 4 4 F 
(0 2°G) for dark samples report the average temperature of these observations, 
corrected for thermometer calibration errors, to the nearest 0 I'F (0 05*C) as the 
aniline point 

If such a range is not obtained after five observations repeat the test using fresh 
quantities of aniline and sample in a clean, dry apparatus and if consecutive tem 
perature observations show a progressive change, or if the range of observations 
is greater than the repeatability given below, report the method as being map 
plicable 

Precision —The following data should be used for judging the acceptability of 
results (95% probability) 

Repeatability —Duplicate results that is two average temperatures obtained by 
the same operator in a series of observations as described in the preceding section, 
should be considered suspect if they differ by more than the following amounts 



Repeatability 

Aniline Point of 


Clear, light colored samples 

0 3°F (0 16°C ) 

Moderately dark to very dark samples 

0 6°F (0 3°C ) • 

Mixed Aniline Point of 


Clear, light colored samples 

0 3°F (0 16°C ) ' 

Moderately dark to very dark samples 

0 6°F (0 3°C ) ° 


“Not determined from recent cooperative tests, however, the ratios with those given in 
the 1953 version are believed to apply 

Reproducibility —When a result is submitted by each of two laboratories, these 
two results should not be considered suspect unless they differ by more than the 
following amounts 



Reproducibility 

Aniline Point of i 


Clear, light-colored samples 

0 9°F (0 5°C) 

Moderately dark to very dark samples 

1 8°T (1 0°C ) • 

Mixed Aniline Point of 


Clear, light-colored samples 

1 3°F (0 7°C ) “ 

Moderately dark to very dark samples : 

1 8°F (1 0°C ) ■ 


0 Not determined from recent cooperative tests, however, the ratios with those given in 
the 1953 version are believed to apply 
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NEUTRALIZATION VALUE (ACID AND BASE NUMBERS) 

OF PETROLEUM PRODUCTS 23 

POTENTIOMETRIC TITRATION METHOD 

This method describes procedures for the determination of acidic or basic con- 
stituents in petroleum products and lubricants (Note 1). The method resolves 
these constituents into groups having weak-acid, strong-acid, weak-base, and strong- 
base ionization properties, provided the dissociation constants of the more strongly 
acidic or basic compounds are at least 1000 times that of the next weaker groups. 

Note L— In new and used oils, the constituents that may be considered to have acidic 
characteristics include organic and inorganic acids, esters, phenolic compounds, lactones, 
resins, salts of heavy metals, salts of ammonia and other weak bases, acid salts of polybasic 
acids, and addition agents such as inhibitors and detergents. Similarly, constituents that 
may be considered to have basic properties include organic and inorganic bases, amino 
compounds, salts of weak acids (soaps), basic salts of polyacidic bases, salts of heavy metals, 
and addition agents such as inhibitors and detergents. 

The method may be used to indicate relative changes that occur in an oil during 
use under oxidizing conditions regardless of the color or other properties of the 
resulting oil (Note 2). Although the titration is made under definite equilibrium 
conditions, the method is not intended to measure an absolute acidic or basic 
property that can be used to predict performance of an oil under service condi- 
tions. No general relationship between bearing corrosion and acid or base number 
is known. 

Note 2.— A color-indicator titration method is also available in the ASTM Method 
D974, Tentative Method of Test for Neutralization Value (Acid and Base Numbers) by 
Color-Indicator Titration. The acid and base numbers obtained by the potentiometric 
method may or may not be numerically the same as those obtained by Method D974 or 
equivalent color indicator methods such as given in Federal Test Method Std. No. 791. 

Definitions and Descriptions of Terms. Total Acid Number.— The quantity of 
base, expressed in milligrams of potassium hydroxide, dtat is required to neutralize 
all acidic constituents present in 1 g. of sample. 

Strong Acid Number.— The quantity of base, expressed in milligrams of potas- 
sium hydroxide, that is required to neutralize the strong acid constituents present 
in I g. of sample. 

Total Base Number.— The quantity of acid, expressed in terms of the equivalent 
number of milligrams of potassium hydroxide, that is required to neutralize all 
basic constituents present in 1 g. of sample. 

Strong Base Number.— The quantity of acid, expressed in terms of the equivalent 
number of milligrams of potassium hydroxide, that is required to neutralize the 
strong base constituents present in 1 g. of sample. 

Summary of Method .— The sample is dissolved in a mixture of toluene and iso- 
propyl alcohol containing a small amount of water and titrated potentiometricallv 
with alcoholic potassium hydroxide or hydrochloric acid solution, using a glass 
indicating electrode and a calomel reference electrode. The meter readings are 
plotted against the tespective "volumes of titrating solution and the end points are 
taken at the inflections in the resulting curve. When no definite inflections are 
obtained, end points are taken at meter readings corresponding to those found 
for standard nonaqueous acidic and basic buffer solutions. 

=3 Standardized as ASTM D664-58 and ASA No.: Zll.59-1958. 
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Apparatus — The apparatus 4 should consist of the following 

Meter — A voltmeter or potentiometer that will operate with an accuracy of plus 
or minus 0 00a v and a sensitivity of plus or minus 0 002 v o\ er a range of at least 
plus or minus 0 o v when the meter is used with the electrodes specified m the ti o 
folios ing paragraphs below and when the resistance between the electrodes falls 
withm the range of 0 2 to 20 megohms The meter should be protected from stray 
electrostatic fields so that no permanent change in the meter readings over the en 
tire operating range is produced by touching with a grounded 5 lead any part of 
the exposed surface of the glass electrode the glass electrode lead the titration 
stand or the meter A desirable apparatus may consist of a continuous readme 
electronic voltmeter with specified range accuracy and sensitivity that is designed 
to operate on an input of less than d X 10 ** amp when an electrode system 
having 1000 megohms resistance is connected across the meter terminals that is 
provided with a metal shield connected to the ground 16 and that is provided with 
a satisfactory terminal to connect the shielded connection wire from the glass elec 
trode to the meter without interference from the presence of external electrostatic 
fields 

Glass Electrode A. pencil type glass electrode (C Fig 40 30) 12a to 180 mm in 
length and 8 to 14 mm in diameter The bodv of the electrode shall be made of 
a chemically resistant glass tube with a wall thickness of 1 to 3 mm The eid 
dipping into the solution shall be closed with a hemisphere of Coming 01a glass 
sealed on to the electrode tube and the radius of this hemisphere shall be about 
7 mm The thickness of the glass m the hemisphere shall be great enough so that 
the resistance of the hemisphere is 100 to 1000 megohms at 2o C The electrode 
should contain a reproducible permanently sealed liquid cell for making electrical 
connection with the inner surface of the hemisphere The entire electrical connec 
non from the sealed contact cell to the meter terminal should be surrounded b\ 
an electrical shield that will prevent electrostatic interference when the shield is 
grounded The shield should be insulated from the electrical connection by in 
suhting material of the highest quality such as rubber and glass so that the resist 
a nee between the shield and the entire length of the electrical connection is greater 
than 50 000 megohms 

Calomel Electrode —A pencil type calomel electrode ( B Fig 40 30) 12a to 180 
mm in length and 8 to 14 mm in diameter This electrode shall be made of glass 
and shall be provided with an external removable glass sleeve on the sealed end 
that is dipped into the titration solution The glass sleeve shall be 8 to 2a mm 
in length shall be slightly tapered and shall be ground to fit the electrode so that 
the sealed end of the electrode protrudes 2 to 20 mm beyond the sleeve The 
ground surface shall be continuous and free of smooth spots At a point midway 
between the extremities of the ground surface the electrode tube shall be pierced 
by a hole or holes 1 mm m diameter The electrode shall contain the necessary 
mercury calomel and electrical connection to the mercury all arranged in a per 
manent manner The electrode shall be filled almost to capacity with saturated 
KC1 electrolyte and shall be equipped with a stoppered port through which the 

2 * The Beckman pH meter (Model M or G) manufactured by the National Technical 
Laboratories Pasadena Cal and the Dual Titrometer manufactured by the Preasio 
Scientific Co Chicago 47 III are suitable 0 r 

25 Grounded or connected to the ground means connected through a resistan 
not more than 100 ohms to a standard ground potential such as that of a water se 
pipe 
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electrolyte may be replenished. When suspended in the air and with the sleeve in 
place, the electrode shall not leak electrolyte at a rate greater titan one drop in 
10 minutes. 

Stirrer.— A variable-speed mechanical stirrer of any suitable type, equipped with 
a glass, propeller-type stirring paddle (£>, Fig. 40-30). A propeller with blades 
6 mm. in radius and set at a pitch of 30 to 45° is satisfactory. If electrical stirring 
apparatus is used, it must be electrically correct and grounded so that connecting 
or disconnecting the power to the motor will not produce a permanent change in 
meter reading during the course of the titration. 

Buret— A 10-ml. buret ( E , Fig. 40-30) graduated in 0.05-ml. division, and cali- 
brated with an accuracy of plus or minus 0.02 ml. The buret shall have a glass 
stopcock and shall have a tip that extends 100 to 130 mm. beyond the stopcock. 


Leod For 
Reference Electrode 


Elongated Buret Tip 
(In Front Of Stirrer) 

Reference 
Electrode , B 


Sleeve With Ground 
Glass Contact 



Shielded Leod 
Glass Electrode 

Bakelite Support 


■Gloss Electrode, C 
(Internally Shielded) 

-Beaker, A 


Propeller Stirrer, D 
(In Bock Of Buret Tip) 


Fig. 40-30. Cell for Potentiometric Titration. 


Titration Beaker.— A 300-ml. tail-form, lipless beaker (A, Fig. 40-30) made of 
chemically resistant glass. The beaker shall be 116 to 120 mm. in length, and 
62 ± 3 mm. inside diameter below the flared portion with sides tapering in at an 
angle of approximately 1 ° from the vertical. 

Titration Stand.— A suitable stand to support the electrodes, stirrer, and buret 
in the position shown in Fig. 40-30. An arrangement that allows the removal of 
the beaker without disturbing the electrodes, buret, and stirrer is desirable. 20 

Purity of Reagents.— Reagent-grade chemicals shall be used in all tests. Unless 
otherwise indicated, it is intended that all reagents shall conform to the specifica- 
tions of the Committee on Analytical Reagents of the American Chemical Society, 
where such specifications are available. 20 ® Other grades may be used, provided it 
is first ascertained that the reagent is of sufficiently high purity to permit its use 
without lessening the accuracy of the determination. 

20 Such an arrangement is described by L. Lykken and F. B. Rolfson, Potentiometric 
Titiation Stand Assembly, Ind. Eng. Chem., Anal. Ed., 13, 653 (1941). 

=nn Reagent Chemicals. American Chemical Society Specifications, Am. Chem. Soc., Wash- 
ington, D. C. For suggestions on the testing of reagents not listed by the American Chemi- 
cal Society, see Reagent Chemicals and Standards, by Joseph Rosin, D. Van Nostrand Co., 
Inc., Princeton, N. J., and the United States Pharmacopoeia. 
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Unless otherwise indicated references to water should be understood to mean 
distilled water 

Reagents Buffer, Nonaqueous Acidic— Add 10 ml of buffer stock solution A 
to 100 ml of titration solvent Use within 1 hour 
Buffer, Nonaqueous Basic— Add 10 ml of buffer stock solution B to 100 ml ol 
titration sohent Use within 1 hour 

Buffer Stock Solution A — Accurately weigh 24 2 ± 0 I g of 246 trimethyl pjn 
dine (7 collidine) and transfer to a 1 liter volumetric flask containing 100 ml ol 
isopropyl alcohol Using a 1 liter graduated cylinder add to the flask while con 
ttnuously stirring its contents 1 50/A t ± 5 ml of 0 2 N alcoholic HCl solution 
(A, being the exact normality of the HCl solution found by standardization) 
Dilute to the 1000 ml mark with isopropyl alcohol and mix thoroughly 

Buffer Stock Solution B— Accurately weigh 27 8 ± 0 1 g of m mtro phenol and 
transfer to a 1 liter volumetric flask containing 100 ml of isopropyl alcohol Using 
a 250 ml graduated cylinder add to the flask while continuously stirring its con 
tents 50/A ? n ±1 ml of 0 2 N alcoholic KOH solution (A r 2 being the exact nor 
mahty of the KOH solution found by standardization) Dilute to the 1000 ml 
mark with isopropyl alcohol and mix thoroughly 

Hydrochloric Acid Solution, Standard Alcoholic (0 1 N) —Mix 9 ml of hydro 
chloric acid (HCl sp gr 1 19) with 1 liter of anhydrous isopropyl alcohol Stand 
ardize frequently enough to detect normality changes of 0 0005 by potentiometric 
titration of approximately 8 ml (accurately measured) of the 0 1 N alcoholic KOH 
solution diluted with 125 ml of C0 2 free water 

Hydrochloric Acid Solution, Standard Alcoholic (0 2 N) —Prepare and standard 
ize as directed in preceding paragraph but use 18 ml of HCl (sp gr 1 19) 
Potassium Chloride Electrolyte —Prepare a saturated solution potassium chloride 
(KC1) in water 

Potassium Hydroxide Solution Standard Alcoholic (0 I N) —Add 6 g of potas 
sium hvdroxide (KOH) to approximately 1 liter of anhydrous isopropyl alcohol 
Boil gently for 10 minutes to effect solution Allow the solution to stand for two 
days and then filter the supernatant liquid through a fine sintered glass funnel 
Store the solution in a chemically resistant bottle Dispense in a manner such that 
the solution is protected from atmospheric carbon dioxide (COJ by means of a 
guard tube containing soda lime or soda asbestos (Ascarne), and such that it does 
not come into contact with cork rubber or saponifiable stopcock grease Stand 
ardize frequently enough to detect normality changes of 0 0005 by potentiometric 
titration of weigh ea' quantities of potassium acia' phlhaiate a’lssmVeu 1 nr 'Gtyi 
water 

Potassium Hydroxide Solution, Standard Alcoholic (0 2 A) —Prepare store and 
standardize as directed in preceding paragraph but use 12 to 13 g of KOH to 
approximately 1 liter of isopropyl alcohol 

Titration Solvent —Add 500 ml of toluene and 5 ml of water to 495 ml of an 
hydrous isopropyl alcohol The titration solvent should be made up in large q iian 
titles and its blank value determined daily by titration prior to use 
Preparation of Electrode System Maintenance of Electrodes —Clean the glass 
electrode (Note 3) at frequent intervals (not less than once every week during con 
tinual use) by immersing in cold chromic acid cleaning solution Drain the caioroe 
electrode at least once each week and refill with fresh KC1 electrolyte Maintain 
the electrolyte level in the calomel electrode above that of the liquid in the titra 
tion beaker at all times When not in use, immerse the lower halves of the e ec 
trodes in water Do not allow them to remain immersed m titration solvent or 
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any appreciable period of time between titrations. While the electrodes are not 
extremely fragile, handle them carefully at all times. 

Preparation of Electrodes.— Before and after using, wipe the glass electrode 
thoroughly with a clean cloth, or a soft absorbent tissue, and rinse with water. 
Wipe the calomel reference electrode with a cloth or tissue, carefully remove the 
ground-glass sleeve, and thoroughly wipe both ground surfaces. Replace the sleeve 
loosely and allow a few drops of electrolyte to drain through to flush the ground- 
glass joint (Note 3). Wet the ground surfaces thoroughly with electrolyte, set the 
sleeve firmly in place, and rinse the electrode with water. Prior to each titration, 
soak the prepared electrodes in water for at least 5 minutes immediately before use, 
and touch the tips of the electrodes with a dry cloth or tissue to remove the excess 
water. 

Testing of Electrodes.— Test the meter-electrode combination (Note 3) -when 
first put into use, or when new electrodes are installed, and retest at intervals 
thereafter by dipping the electrodes into a well-stirred mixture of 100 ml. of the 
titration solvent and 1.0 to 1.5 ml. of 0.1 N alcoholic KOH solution. For the 
meter-electrode combination to be suitable for use, the potential between the elec- 
tiodes should change by more than 0.480 v. from the potential between the same 
electrodes when dipped in the nonaqueous acidic buffer solution (Note 4). 

Note 3.— Cleaning the electtodes thoioughl), keeping the ground-glass joint fiee of 
foreign materials, and regular testing of the electrodes are veiy impoitant in obtaining 
lepioducible potentials, since contamination may introduce unceitain, enatic, and 1111 - 
noticeable liquid contact potentials.^? While this is of secondary impoitance yhen end 
points are chosen from inflection points in the titration cuive. it may be quite set ions 
when end points are chosen at arbitraril) -fixed cell potentials. 

Note 4.— Considerably more sensitive electrodes are now available that will show a 
potential change of at least 0.590 v. undet these conditions, and their use is recommended. 

Standardization of Apparatus. Determination of Meter Readings for the Non- 
aqueous Buffer Solutions Corresponding to Acid and Base End Points.— To insure 
comparable selection of end points when definite inflection points are not obtained 
in the titration curve, determine daily, for each electrode pair, the meter readings 
obtained with the nonaqueous acidic and basic buffer solutions (Note 5). 

Piepare the electrodes as described above, immerse them in the nonaqueous 
buffer solution, and stir for 5 minutes, maintaining the temperature of the buffer 
solution at a temperature within 2°C. of that at which the titrations are to be made. 
Read the cell voltage. The readings so obtained are taken as the end points in 
titration curves having no inflection points. 

Note 5.— The response of dilfeient glass electrodes to fqdiogen ion actix ity is not the 
same. Theiefore, it is necessary to establish regulail) for each electiode s)stem the mctei 
leadings conesponding to the buffer solutions aibitraiil) selected to lepicsent acidic or 
basic end points. 

Preparation of Sample of Used Oil .— Strict observance of the sampling procedure 
is necessary, since the sediment itself is acidic or basic or has adsoibed acidic or 
basic material from the sample. Failure to obtain a representative sample causes 
serious errors. 

-? Tor a detailed discussion of the need for caie in pieparation of the elecliodes, see 
L. L)kken, P. Poitei, H. D. Ruliffson, and F. D. Tuemmler, "Potentiometiic Determina- 
tion of Acidity in Highly Colored Oils,” Industiial and Engineering Chemistry, Analytical 
Edition, Vol. 16, pp. 219-234 (1944). 
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Note 6 — \s used oil mi) change appreciabh in storage samples should be tested as 
soon as possible after removal from the lubricating svstem and the dates of sampling and 
testing should be noted ' 

lieu the sample (\otl 7) of used oil to bO ± 5°C in tlie original container 
until all of the sediment is homogeneousl) suspended in the oil If the original 
container is a can or if it is glass and more than three fourths full tnnsfer the 
enure simple to a dear glass bottle hating a capacit) it least one third greater 
th hi the tolume of the sample Transfer ill traces of sediment from the original 
cont liner to the bottle by tiolent agitation of portions of the sample in the original 
container 

Note 7 — When samples aie tisibh free of sediment the heating procedmcs described 
mat be omitted 

\fter complete suspension of ill sediment strain the sample or a convenient 
aliquot through a 100 mesh screen for the removal of large contaminating particlis 

Procedure for Total Actd A timber and Strong Acid A umber —Into a 300 m! 
uirvtion beaker introduce a weighed quantity of sample is prescribed m Table 
40 22 and add 125 ml of titration solvent (Note 8) Prepare the electrodes as 


Table 40 22 Size of Sample 


Acid Number or | 
Base Number 

Size of 
Sample g 

Sensitivity 

of 

Weighing g 

0 05 to 10 

200 ±20 ' 

010 

1 0 to 5 0 

50 ±05 

0 02 

5 to 20 

10 =±0 1 

0 005 

20 to 100 

0 25 ± 0 02 

0 001 

100 to 250 

01 ±001 

0 0005 


directed above Place the beaker on the titration stand and adjust its position 
so tli it the electrodes arc about half immersed Start the stirrer and stir through 
out the determination at a rate sullicient to produce vigorous agitation without 
spit tiring and without stirring air into the solution 

NoTr 8 — 1 titration solvent in which chloroform is used in place of toluene inai W 
required to eonipletelj dissolve certain litavj residues or asphaltic materials 

till the buret with the 01 A alcoholic LOH solution and pi tee the buret in 
position in the titration asscmblj taking care that the tip is immersed about 1 n> 
in the liquid in the beaker Record the initial buret and meter (cell potential) 
readings Add suitable small portions of 0 1 AT alcoholic KOH solution and aftet 
waiting until a constant potential has been established (see Aotl *1) record the 
buret and meter readings \t the start of the titration and in an) subsequent 
regions (inflections) where 0 I ml of 0 1 A KOH solution consistent!) products a 
total change of more than 0 03 \ (corresponding to 0 5 p!I scale units) in the tc 
potential add OOjml portions In the intermediate regions (plateaus) "here 
ml changes the cell potential less than 0 03 v add larger portions sufficient to 
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produce a total potential change approximately equal to, but not greater than, 
0.03 v. Titrate in this manner until the potential changes less than 0.005 v. (corre- 
sponding to 0.1 pH scale units) per 0.1 ml. and the cell potential indicates that 
the solution is more basic than the nonaqueous basic buffer. Remove the titrated 
solution, rinse the electrodes with isopropyl alcohol, and immerse the electrodes 
in distilled water. 


Note 9.— Consider the cell potential constant when it changes less than 0.005 v. (corre- 
sponding to 0.1 pH scale units) per minute. This may require approximately 1 to 2 
minutes per 0.1-v. change in potential (corresponding to 1.7 pH scale units) when adding 
0.05-ml. increments; 1-ml. increments maj require 3 to 5 minutes. 

Blank.— For each set of samples, make a blank titration of 125 ml. of titration 
solvent, adding 0.1 N alcoholic KOH solution in 0.05-ml. increments and recording 
meter and buret readings when the former becomes constant after each increment. 

Procedure for Base Number and Strong Base Number— Proceed as directed under 
Preparation of Sample of Used Oil, above, but titrate with 0.1 N alcoholic HC1 
solution; add the HC1 at the same rate as specified for the KOH solution. 

Blank.— For each set of samples, make a blank titration of 125 ml. of titration 
solvent, adding 0.1 N alcoholic HC1 solution in 0.05-ml. increments in a manner 
comparable to that specified under Blank, above. 

Calculations.— Plot the volumes of the acid or base titrating solution, or both 
(Note 10), added against the corresponding meter readings (see Fig. 40-31). Mark 
as an end point any inflection point (Note 11) on the curve that occurs near the 
cell voltages representing the nonaqueous acidic and basic buffers. If no inflection 
appears, mark the end points at those meter readings corresponding to the two 
nonaqueous buffers. 


Note 10.— An oil mav ha'e both a weak-acid number and a weak-base number if the 
initial meter reading falls between the readings of the acidic and basic nonaqueous buffers. 
If the initial meter reading indicates that the solution is more basic than the basic buffer 
or more acidic than the add buffer, the oil may contain mixtures of strong and weak 
bases, or strong and weak acids, respectirely. 


Note 11.— An inflection point is generall) recognizable by inspection whenever several 
successive 0.05-ml. increments each produce a cell potential chance greater than 0.015 v. 
(corresponding to 0.25 pH scale units) and at least 30% greater than those produced by 
previous or subsequent increments of the same size. Generally, definite inflection points 
may be discerned only in regions where increments of the same size are used. 

Calculate the total acid number and strong acid number as follows: 


Total acid number, mg. KOH per g. 


(A - B) X N X 56.1 
W 


Strong acid number, mg. KOH per g. 


(CN - Dn) X 56.1 
IV 


where A = milliliters of alcoholic KOH solution used to titrate to an end point that 
occurs at the meter reading corresponding to the basic nonaqueous buffer, 

B = volume corresponding to A for the blank titration, 

N = normality of the alcoholic KOH solution, 
n = normality of the alcoholic HC1 solution, 

W = grams of sample, 

C = milliliters of alcoholic KOH solution used to titrate to an end point that 
occurs at a meter reading corresponding to the acidic nonaqueous buffer, and 
D = milliliters of alcoholic HC1 solution used to titrate the solvent blank to the 
end point corresponding to C. 
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Milliliters Of 0 I N Alcoholic KOH 


Fig 40 31 Illustrame Titration Clines -f, Blank on 125 nil of titration sohent, 8, 
10 00 g of used crankcase oil plus 125 ml of titration sohent Since no sharp inflections 
are appuent the end points are chosen at the meter readings which were obtained with 
the two nonaqueom buffers C 1000 g of oil containing a weak acid plus 125 ml of titra 
tion sohent The end point is chosen at the most tertical portion of the inflectron 
D, 1000 g ol oil containing weak and strong aetds plus 125 ml of titration sohent The 
end points are chosen at the most \ertical portions of the two inflections 


« On some meters, the soilage sign is lesersed 

a In some instiuments the relation between glass electrode potential and pH reading is 
onlj approximate!) as shown 
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Calculate the total base number and strong base number as follows: 


Total base number, mg. KOH per g. 


(E - F) X N X 56.1 
W 


Strong base number, mg. KOH per g. 


(GN - Hn) X 56.1 
W 


where E = milliliters of alcoholic HC1 solution used to titrate to an end point which 
occurs at a meter reading corresponding to the acidic nonaqueous buffer, 

F = volume corresponding to E for the blank titration, 

N = normality of the HC1 solution. 
n = normality of the alcoholic KOH solution, 

W = grams of sample, 

G = milliliters of alcoholic HC1 solution used to titrate to an end point that occurs 
at a meter reading corresponding to the basic nonaqueous buffer, and 
H = milliliters of alcoholic KOH solution used to titrate the solvent blank to the 
end point corresponding to G. 


Precision. Good Inflection in Titration Curve— When good inflections are ob- 
tained in the titration curves, results should not differ from the mean by more than 
the following amounts: 


Acid 

or Base Number 

Repeat- 

ability 

Repro- 

ducibility 

0.05 to 1.0 

0.02 

0.04 

1.0 

to 5.0 

0.1 

0.2 

5 

to 20 

0.5 

1 

20 

to 100 . 

2 

4 

100 

to 250 

5 

10 


Pool Inflection in Tihation Cuive — When poor inflections are obtained in the 
titration curves, the values for repeatability and reproducibility will be larger than 
those given above. 

CONRADSON CARBON RESIDUE OF PETROLEUM 
PRODUCTS 28 

This method describes a procedure for the determination of the amount of car- 
bon residue (Note 1) left after evaporation and pyrol)Sis of an oil, and is intended 
to protide some indication of relative coke-forming propensities. The method is 
generally applicable to relatively nonvolatile petroleum products which partially 
decompose on distillation at atmospheric pressure. Petroleum products containing 
ash-forming constituents as determined by ASTM Method D482, Test for Ash from 

Standardized as ASTM D189-61 and ASA No.: Z1 1.23-1961. 
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Petroleum Oils, will have an erroneously high carbon residue depending upon the 
amount of ash formed 

Note 1 —The term carbon residue is used throughout this method to designate the 
carbonaceous residue formed after evaporation and pyrolvsis of a petroleum product 
The residue is not entirely composed of carbon, but is a coke which can be fuitlier 
changed by pyrolysis The term carbon residue is continued in this method only in 
deference to its wide common usage 



Note 2— Values obtained by ihis method are not numerically the same as those obtained 
by ASTM Method D524 Test for Ramsbottom Carbon Residue of Petroleum Pnwi'™ 
nor have satisfactory correlations been found between the results by the two met lions io 
all materials which may be tested because the carbon residue test is applied to a w> c 
v ariety of petroleum products 

Apparatus .— The apparatus (see Fig 40 32) should consist of the following 
Porcelain Crucible —Porcelain crucible, a, wide form, glazed throughout or a 
silica crucible, 29 to 31 ml capacity, 46 to 49 mm (1 81 to 1 93 in ) in nm diameter 
Iron Crucible.— Skidmore iron crucible, b. flanged and ringed, 65 to 82 ml ca 
pacity, 53 to 57 mm (2 07 to 2 20 in ) inside and 60 to 67 mm (2 36 to 2 6 uy 
outside diameter of flange, 37 to 39 mm (1 46 to 1 54 in ) m height supplied wit i 




PETROLEUM AND PETROLEUM PRODUCTS 1995 

a cover without delivery tubes and having the vertical opening closed. The hori- 
zontal opening of about 6.5 mm. (0.26 in.) shall be kept clean. The outside diam- 
eter of the flat bottom shall be 30 to 32 mm. (1.18 to 1.26 in.). 

Iron Crucible.— Spun sheet-iron crucible, c, with cover; 78 to 82 mm. (3.07 to 
3.23 in.) in outside diameter at the top, 58 to 60 mm. (approximately 2.3 in.) in 
height, and approximately 0.8 mm. (0.03 in.) in thickness. Place at the bottom 
of this crucible, and level before each test, a layer of about 25 ml. of dry sand, 
or enough to bring the Skidmore crucible, with cover on, nearly to the top of the 
sheet-iron crucible. 

Wire Suj)port.— Triangle of bare Nichrome wire, d, of approximately No. 13 B & 
S gage having an opening small enough to support the bottom of the sheet-iron 
crucible at the same level as the bottom of the asbestos block or hollow sheet-metal 
box (see Insulator, below). 

Hood.— Circular sheet-iron hood, e, from 120 to 130 mm. (4% to 5)4 in.) in diame- 
ter the height of the lower perpendicular side to be from 50 to 53 mm. (2 to 2% in.); 
provided at the top with a chimney 50 to 60 mm. (2 to 2)6 in.) in height and 50 
to 56 mm. (2 to 2)4 in.) in inside diameter, which is attached to the lower part 
having the perpendicular sides by a cone-shaped member, bringing the total height 
of the complete hood to 125 to 130 mm. (4% to 5% in.). The hood may be made 
from a single piece of metal, provided it conforms to the foregoing dimensions. 
As a guide for the height of the flame above the chimney, a bridge, h, made of 
approximately 3-mm. (%-in.) iron or Nichrome wire, and having a height of 50 mm. 
(2 in.) above the top of the chimney, shall be attached. 

Insulator.— Asbestos block, refractory ring, or hollow sheet-metal box, 150 to 
175 mm. (6 to 7 in.) in diameter if round, or on a side if square, 32 to 38 mm. 
(1)4 to 1)6 in.) in thickness, provided with a metal-lined, inverted cone-shaped 
opening through the center; 83 mm. (3)4 in.) in diameter at the bottom, and 89 mm. 
(3)6 in.) in diameter at the top. In the case of the refractory ring no metal lining 
is necessary, providing the ring is of hard, heat-resistant material. 

Burner.— Burner, g, Meker type, 24 mm. (1 in.) in diameter by 155 mm. (6 in.) 
in height, suitable for either manufactured or natural gas. 

Procedure .— Weigh to the nearest 5 mg. a 10-g. sample of the oil to be tested, 
free of moisture and other suspended matter, into a tared porcelain or silica 
crucible containing two glass beads about 0.1 in. in diameter. Place this crucible 
in the center of the Skidmore crucible. Level the sand in the large sheet-iron 
crucible and set the Skidmore crucible on it in the exact center of the iron crucible. 
Apply covers to both the Skidmore and the iron crucible, the one on the latter 
fitting loosely to allow free exit to the vapors as formed. 

On a suitable stand or ring, place the bare Nichrome wire triangle and on it 
the insulator. Next center the sheet-iron crucible in the insulator with its bottom 
resting on top of the triangle, and cover the whole with the sheet-iron hood in 
order to distribute the heat uniformly during the process (see Fig. 40-32). 

Apply heat with a high, strong flame from the Meker-type gas burner, so that 
the preignition period will be 10 ± 1.5 minutes (a shorter time may start the dis- 
tillation so rapidly as to cause foaming or too high a flame). When smoke appeals 
above the chimney, immediately move or tilt the burner so that the gas flame plays 
on the sides of the crucible for the purpose of igniting the vapors. Then remove 
the heat temporarily, and before replacing adjust by screwing down the pinch-cock 
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Add to the Erlenmeyer flask. while still warm. the residue left in the distillation 
flask. and shake vrelL 

The contents of the Erlenmeyer EaAc then represent a I0 C 7 residuum from the 
original product. While warm enough to Ho.r freely r pour approximately 10 g. 
of the residuum into the weighed crucible to be used in the carbon residue test. 



0.01 0.03 0J 0.3 0.5 [ 2 3 5 fO 20 30 

Conrcdson Carbon Residue, Average Per Cent 


Fi'". 40 33. Repeatability ’»er«u> Vvera sc Per Cent Residue. Conradson Carbon R .esldue. 

\fter cooling, determine the weight of the =ample accurately, and carry out the 
rarbon residue te> t in accordance tvith the procedure described under Procedure. 
Report the percentage of carbon residue in the residuum a' “carbon residue on 
10^ residuum." 

’sote.— I t t< important that a clean rir-u'IIatnn fia-A h * u-ed tor earn te't 

Precision.— The data '•hown m Figs. 40-33 and 40-34 - hould be u-ed for judetng 
the acceptability of the result' yyhen te-tina homogeneous 'ample'. 

Repeatability . — Duplicate result' by the same operator 'hould be considered 
'Uspect if they differ by more than the amount' 'honor for repeatability. 

Reproducibility. — The results of two laboratories 'hould not be considered su— 
pert unless they differ by more than the amounts shown for reproducibility. 




Conradson Carbon Residue, Average Percent 

Fig 40 34 Reproducibility versus Average Per Cent Residue Conradson Carbon Residue 

ASH FROM PETROLEUM OILS 9 

This method describes a procedure for determining the ash from distillate and 
residual fuel oils crude oils lubricating oils waxes and other petroleum products 
in which any ash forming materials present are normally considered to be unde 
sirable impurities or contaminants (Note 1) The method is limited to petroleum 
products which are free from added ash forming additives including certain phos 
phorus compounds (Note 2) 

Note 1 —In certain types of samples all of the ash forming metals may not be retained 
quantitatively in the ash This is particularly true oE distillate oils which requite a 
special ash procedure in order to retain metals quantitatively 

Note 2— This method is not intended for the analysis of new additive containing lubri 
eating oils for such samples use ASTM Method D874 Test foi Sulfated Ash from Lu n 
eating Oils and Additives neither is it intended for the analvsis ot lubricating oils c 
taming lead nor for used engine crankcase oils for such samples use ASTM Method U 
Test for Sulfated Residue Lead Iron and Copper in Lubricating Oils 

Summary of Method —The sample contained m a suitable dish is ignited and 
allowed to burn until only ash and carbon remain me carbonaceous rest ue is 
reduced to an ash by heating in a muffle furnace at 775 °C cooled in a desiccator 
and weighed 

a Approved as ASTM D482 59T and ASA No L\\ 54 1960 
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Apparatus. Evaporating Dish, made of platinum or porcelain, of 90- to 120-ml. 
capacity. 

Electric Muffle Furnace capable of maintaining a temperature of 775 ± 25°C. 

Procedure.— Heat the evaporating dish at 700 to 800 "C. for 10 minutes or more. 
Cool to room temperature in a desiccator, and weigh to the nearest 0.1 mg. 

Place an approximately 50-g. sample in the dish and weigh to the nearest 0.1 g. 
Heat the dish and sample until die contents can be ignited with a flame. Maintain 
at such a temperature that the sample continues to burn at a uniform and moderate 
rate, leaving only ash and carbon when the burning ceases. 

Note 3.— If the sample contains sufficient moisture to cause foaming and loss of ma- 
terial, discard the sample, and to an additional sample add 1 to 2 ml. of 99 per cent 
isopiopyl alcohol before heating. If this is not satisfactory, add 10 ml. of an equivolume 
mixtuie of benzene and isopropyl alcohol and mix thoroughly. Place several strips of 
ashless filter paper in the mixtuie and heat; when the paper begins to burn, the greater 
part of the water will have been remoi ed. 

Heat the residue in the muffle furnace at 775 ± 25°C. until all carbonaceous 
material has disappeared. Cool the dish to room temperature in a desiccator, and 
weigh to die nearest 0.1 mg. 

Reheat the dish at 775°C. for 10 to 20 minutes, cool in a desiccator, and re- 
weigh. Repeat the heating and weighing until consecutive weighings differ by not 
more than 0.5 mg. 

Calculation.— Calculate the ash from the sample as follows: 

w 

Ash, per cent = — X 100 


where w — weight of ash, in grams, and 
W = weight of sample, in grams. 

Precision.— The following data should be used for judging the acceptability of 
results (95% probability): 

Repeatability.— Duplicate results by the same operator should not be considered 
suspect unless they differ by more than the following amount: 


Ash, Per Cent Repeatability 

0.0 to 0.1 5 0.003 


Reproducibility.— The results submitted by each of two laboratories should not 
be considered suspect unless the two results differ by more than the following 
amount: 


Ash. Per Cent Reproducibility 

0.0 to 0.15 0.005 

COPPER STRIP CORROSION BY PETROLEUM PRODUCTS 30 

This method describes procedures for the detection of the corrosiveness to copper 
of aviation gasoline, aviation turbine fuel, automotive gasoline, farm tractor fuel. 


30 Standardized as ASTM D130-56 and ASA No.; Z1 1.21-1956. 
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ingots or bars conforming to ASTM Specifications B5, for Electrolytic Copper Wire 
Bars, Cakes, Slabs, Billets, Ingots, and Ingot Bars. The strips may be used re- 
peatedly but should be discarded when they show pitting or deep sciatches that 
cannot be removed or when die surfaces become deformed. 

Polishing Materials, silicon-carbide or alumina giit paper of varying degrees 
of fineness including 240-grit silicon-carbide paper or cloth; also a supply of 150- 
mesh silicon-carbide grain and phaimaceutical grade absorbent cotton. 



.„ Spacers 
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Fig. 40-36. Copper Strip Holder. 


Corrosion Standards. Copper Corrosion Standard Plaques are available. 31 
These consist of reproductions of typical strips representing increasing degrees of 
tarnish and corrosion as listed under Description in Table 40-23. 

Notl.-'I hese lepioductions have been luhogtaphicallv printed on aluminum sheets 
and ate encased in plastic Eoi piotection. Two printings ha\e been made, one dated 
Xo\ ember 1954, and the second Decembet 1958. Both are identical in significant features 
and when new, both piintings mar be considered official standaids. 

Preparation of Strips. Surface Preparation,— Remor e all suiface blemishes from 
all six sides of the strip with silicon carbide or alumina grit paper of such degrees 
of fineness as are needed to accomplish the desired results efficiently (Note below). 
Finish with 240-grit silicon-carbide paper, remor ing all marks that may have been 
made by other grades of paper used prer iouslv. Immerse the strip in knock test 
booctane, from which it may be withdrawn immediately for final polishing or in 
which it may be stored for future use. 

Note.— A s a piactical manual pioccduie. foi sin lace picparation. place a sheet of the 
paper on a flat surface, moisten it with kerosene or isooctane, and rub the strip against 
the papei with a rotan motion, piotecting the strip from contact with the fingers with 
an ashless filtei papei. Altei namely, the strip may be piepaied by use of motoi-driren 
machines using appropiiate grades of city paper or cloth. 

31 The ASTM Coppet Stiip Coirosion Standards appro'ed by Committee D-2 aic 
available on order fiom ASTM Headquarters, 1916 Race St., Philadelphia 3, Pa. 
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Final Polishing ~Remo\ e a strip from the uooctane Holding it m the fingers 
protected with ashless filter paper polish first the ends ind then the sides ruth the 
150 mesh silicon carbide grams picked up from a dean glass plate with a pad ol 
absorbent cotton moistened with a drop of wooctane Wipe vigorously with fresh 




Steel Spring Plot Head 

Wire Dm 029 Mach ne Screws 

OD 1/4 


Fie -10 3/ Optional Copper Strip Holdci 

pads of absorbent cotton and subsequently h indie only with stainless steel {orcep» 
do not touch with the fingers Clamp in a vise and polish the mam surfaces W1 * 
silicon carbide grains on absorbent cotton Rub in the direction of the long a* l$ 
of die strip carrying the stroke beyond the end of ihe strip before reversing tie 
direction (see Note below) Clean all metal dust from the strip by rubbing 
ously with clean pads of absorbent cotton until a fresh pad remains unsoi 
\\ hen the strip is dean immediately immerse it in the prepared sample 
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Non.— It is iinpoitant to polish the whole mu face of the stiip imifounly to obtain a 
unifounly stained snip. If the edges show wc;n (sin face elliptical) the) will likely show 
moic coitosion than the ccntei. The use ol a sise will lac ilitate unifoini polishing. 

Sample.— It is particularly iinpoitant that gasoline and fuel samples for this test 
he collected in clean daik bottles or cleaned tinned cans; to clean new tinned cans, 
linse ftce of rosin or soldeiing flux with the sample to be tested. Care should 
be taken during sampling to protect the 
samples liom exposuie to diiecl or even 
diflused daylight (see Non; below). Make 
the test as soon as possible after sampling. 


jC 


B Max. 17mm 


A Max.9 mm — f (Tc:::;) -,— . Wol | 09 »_ 0 .i5mm 

Fire Polished 




Noti;.— S hort wavclenglhs of light (violet 
and ulliaviolet) have a inaiked eflecl on le- 
ducing, or lcmoving cnliicly, the coloialion 
tendency of the conosive snlfui piesent in 
the sample on coppci. 

If suspended water (h.axe) is obscived in 
the sample (sec Non; below), dry by 
filtering a sufficient volume of sample 
tlnough a medium rapid qualitative filter 
(for example, Whatman No. 4), into the 
pi escribed clean, dry test tube. Can y out 
this operation in a daikened loom or 
under a light-protected shield. 

Non .—Contact of the copper strip with 
water hefote, dining, oi aftci the completion 
of the test mil, will cause staining, making it 
difficult to evaluate the snips. 

Procedure. Tests at 122°F. (50°C.) and 
212°F. (100°C.) on Less Volatile Mate- 
rials.— Place 30 ml. of sample, completely 
clear and free of any suspended ot cn- 
ti ainecl water (Non; above), into a chemi- 
cally clean, dry 25- by 150-mi. test tube 
and, within 1 minute altei completing the 
final polishing, slide the copper snip into 

the sample tube. Stopper with a vented coik and place in a bath maintained at 
the lequirecl tempeiatuic within i-2°F. (I°C.). Aftei 3 boms ± 5 minutes in the 
bath, examine the strip as dese tilted in Examination ol Snip, p. 2004. 

Tests at 212°F. (100°C.) for Volatile Materials.— Place 30 ml. of sample, com- 
pletely clear and free of any suspended or entrained water (Non; above) into a 
chemically clean, dry 25- by 150-mm. test tube, and within 1 minute a 1 ter com- 
pleting the final polishing, slide the copper strip into the sample tube. Catefully 
slide the test tube into the sample bomb (Fig. 40-35) and screw the lid on tight. 
Completely immerse the bomb in a boiling water bath (212 -± 2°l r . or 100 ± 1°C.). 
After 2 houis ± 5 minutes in the bath, withdraw the bomb, immerse for a lew 
minutes in tap water. Open, withdraw the test tube and examine the stiip as de- 
sciibed in the following paragraph. 


k 



L_4_J 

ilOmm 

i — I' — : 


u 


Fig. 40-38. Flat Glass Test Tulle. Mini- 
mum lengths ol A and II to He .Such 
Flint a C.oppei Snip of in. by l/> in. 
Section Will Kniei. 
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When a strip is in the obvious transition state between that indicated by any 
two adjacent Corrosion Standard Strips, judge the sample by the more tarnished 
Standard Strip. 

A claret red strip in Classification 2 can be mistaken for a magenta overcast on 
brassy snip in Classification 3 if the brassy underlay of the latter is completely 
masked by a magenta overtone. To distinguish, immerse the strip in knock test 
nooctane; the former will appear as a dark orange strip while the latter will not 
change. 

To distinguish multicolored strips in Classifications 2 and 3, place a test strip in 
a 20- by 150-mm. test tube and bring to a temperature of 600 to 700°F. (315 to 
355°C.) in 4 to 6 minutes with the tube lying on a hot plate. Adjust to tempera- 
ture by observing an ASTM high distillation thermometer in a second test tube. 
If the strip belongs in Classification 2, it will assume the color of a silvery and 
then a gold strip. If in Classification 3 it will take on the appearance of a trans- 
parent black, etc., as described in Classification 4. 

Repeat the test if blemishes due to finger prints are observed, or due to spots 
from any particles or water droplets that may have touched the test strip during 
the digestion period. 

Repeat the test also if the sharp edges along the flat faces of the strip appear to 
be in a classification higher than the greater portion of the strip; in this case it is 
likely that the edges were burnished during polishing. 

Report.— Report the corrosiveness in accordance with one of the four numbered 
classifications listed in Table 40-23. 

DOCTOR TEST FOR PETROLEUM DISTILLATES 
U.O.P. METHOD 41-59 32 

This method demonstrates the presence of hydrogen sulfide and mercaptans in 
gasoline and similar distillates. 

Outline of Method.— The sample is shaken with a sodium plumbite solution in 
a test tube. If hydrogen sulfide is present the following reaction occurs: 

Na 2 Pb0 2 + H 2 S -> PbS + 2NaOH 

The lead sulfide is black and readily visible. If this reaction does not appear, 
sulfur is added to the test tube. If mercaptans are present, on shaking the mer- 
captans undergo a series of reactions coloring the hydrocarbon layer first orange, 
then red, and brown, and finally a black precipitate of lead sulfide appears.' The 
overall reaction may be written: 

Na 2 Pb0 2 + 2RSH (RS) 2 Pb + 2NaOH 

(RS) 2 Pb + S -> RSSR + PbS 

A[>lmratus.— Stopper, rubber. 

Test Tube, 25-ml. 

Reagents. Doctor Solution.— Dissolve 125 g. of sodium hydroxide in 1 liter of 
distilled water. Add 60 g. of litharge and shake vigorously for 15 minutes. Let 

-- U.O.l’. Laboiatoiy Test Methods for Petroleum and Its Pioducts, 4th Ed., Univeisal 
Oil 1 loducts Co., Des Plaines, Illinois, 45— C (1959). By permission of the copirwlit 
otiner. 
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stand overnight Decant or siphon off the clear liquid If the liquid does not 
settle clear filter it through an asbestos mat keep the solution in a tightly 
stoppered bottle Re filter if it becomes cloudy ' 

Sulfur, Flowers of 

Procedure —Add 5 ml of doctor solution and 10 ml of sample to the test tube 
and shake vigorously for 15 seconds Observe any appearance of black lead sul 
fide If no color appears add a very small pinch of flowers of sulfur to the sample 
and shake la seconds Allow to settle Observe the appearance of the interface 
and the color of each layer 

Report —If the sample becomes discolored or if the sulfur film on the inter 
face is noticeably masked report the test positive or the sample sour If the 
sample remains unchanged in color and the sulfur film is bright yellow or only 
sliglitlv discolored with grey or flecked with black report the test negative and 
the sample sweet If an indication of the degree of sourness is desired report 
the sample according to the degree of discoloration as ' erv sour sour sliglitlv 
sour or sweet 

Precaution —Use only sufficient sulfur to form a thin film floating on die inter 
face between the sample and the doctor solution 

Precision.— The following figures are quoted from the reference 35 

IK % Sulfur 

Mercaptan Delected 

Ethyl 0 0006 

n Propyl 0 0002 

n Butyl 0 00002 

Phenyl 0 0006 

MERCAPTAN SULFUR IN JET FUELS S3 » 
(COLOR-INDICATOR METHOD) 

This method describes the procedure lor the determination of mercaptan suliur 
in jet fuels containing from 0 0003 to 0 01% by weight of mercaptan sulfur 

Notl An instrumental method gives eqiuv ilcnt icsuIis within die pieusion limits of 
the method ASTM D1323 Amperomeiric 1 otentiometric Method Mercaptan Sulfur in 
Aviation Turbine Fuels 

Summary of Method —Excess silver nitrate is added to the sample to form silver 
mercaptides with the mercaptan sulfur compounds present The excess silver 
nitrate is determined by titration with ammonium thiocyanate using feme alum 
indicator 

Purity of Reagents Reagent grade chemicals shall be used in all tests Unless 
otherwise indicated it is intended that all reagents shall conform to the specifi 
cations of the Committee on Analytical Reagents of die American Chemical Societ' 
where such specifications are available 34 Other grades may be used provided it 

33 Henderson L M Agruss M S and Ayeis G \\ Jr Ind Eng Chem ' nal E(l 
12, 1 (1940) 

3 *» Standardized as VSTM D1219 61 ^ 

34 Reagent Chemicals American Chemical Societv Specifications Am Ghent ___ 
Washington D C For suggestions on the testing of reagents not listed by the Am 
Chemical Society see Reagent Chemicals and Standards by Joseph Rosin D van 
trand Co Inc Princeton N J and the United States Pharmacopoeia 
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is first ascertained that the reagent is of sufficiently high purity to permit its use 
without lessening the accuracy of the determination. 

Unless otherwise indicated, references to water shall be understood to mean 
distilled water or water of equivalent purity. 

Re age tits. Acid Cadmium Sulfate Solution (150 g. per liter).— Dissolve 150 g. 
of cadmium sulfate (3CdS0 4 -8H 2 0) in water, add 10 ml of H 2 S0 4 (1:5), and 
dilute to 1 liter with water. 

Alcohol.— 95% methanol, 95% ethanol denatured with methanol, or isopropanol. 

Ammonium Thiocyanate Standard, Solution (0.025 2V).— Dissolve 1.90 g. of 
ammonium thiocyanate (NH 4 CNS) in water, and dilute to 1 liter. Standardize by 
titrating with the standard AgNO a solution as described in Procedure, under Anal- 
ysis ot Sample, omitting the sample. Calculate the normality of the NH 4 CNS 
solution as follows: 

A x N 

Normality of NH 4 CNS solution = — — 

B 

where A = milliliters of AgNOa solution required for titration of the NH 4 CNS solution, 
jV = normality of the AgNOa solution, and 
B — milliliters of NH 4 CNS solution used. 

Ferric Alum Indicator Solution.— Dissolve 40 g. of ferric ammonium sulfate 
(FeNH 4 (S0 4 ) 2 ' 12H 2 0) in a mixture of 20 ml. of HNO s (3:5) and 80 ml. of water. 
Heat 'to boiling and dilute with 3 volumes of water. 

Nitric Acid (3:5).— Mix 3 volumes of concentrated nitric acid (HN0 3 , sp. gr. 
1.42) with 5 volumes of water. 

Potassium Chloride, Standard Solution (0.025 A').— Dissolve 1.8640 ± 0.0010 g. 
of dry (1 hour in oven at 110°C.) potassium chloride (KC1) in water, and dilute 
to 1 liter in a volumetric flask. 

Silver Nitrate Standard Solution (0.025 A r ).— Dissolve 4.25 g. of silver nitrate 
(AgNO s ) in water and dilute to 1 liter. To standardize this solution, pipet 25 ± 
0.05 ml. of the 0.025 N KC1 solution into a 400-ml. beaker. Add 2 to 3 drops of 
saturated sodium chromate (Na 2 Cr0 4 ) solution. Titrate with AgNO s solution 
until the precipitate shows the first tint of pink. This color may best be observed 
through the bottom of die beaker. Calculate the normality of the AgNOg solution 
as follows: 

j\t x 25 

Normality of AgNOs solution = — 

A 

where A’ = normality of the KC1 solution, and 

.4 = milliliters of AgN0 3 solution required for titration of the KC1 solution. 

Sulfuric Acid (1:5).— Carefully mix 1 volume of concentrated sulfuric acid 
(H 2 S0 4 , sp. gr. 1.84) with 5 volumes of water. 

Procedure. Determination of Gravity.— Determine the API gravity of the sample 
and convert to specific gravity; or measure the specific gravity directly, at the tem- 
peratuie at which the test sample is taken, if the sample is to be measured vol- 
umetrically (see ASTM Method D287, Test for API Gravity of Petroleum and Its 
Products (Hydrometer Method), p. 1926. 

Test for and Removal of Hydrogen Sulfide. — Test the sample qualitatively for 
hydrogen sulfide (H 2 S) by shaking 5 ml. of sample with 5 ml. of the CdS0 4 solu- 
tion in a test tube. If no precipitate appears, proceed with the analysis of the 
sample as described in the next paragraph. If a yellow precipitate appears, indi- 
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eating the presence of H 2 S remo\ e the H„S in the following manner Shake in a 
separatory funnel a volume of sample three to four times that required for analysis 
with a volume of the CdS0 4 solution half that of the sample Draw off and dis 
cird the aqueous phase containing the yellow precipitate Repeat the extraction 
with another portion of the CdS0 4 solution Again draw off the aqueous phase 
and wash the sample with three 2 a to 30 ml portions ot water withdrawing the 
water after each washing Filter the hydrocarbon through rapid filter paper Test 
a small portion of the washed sample in a test tube with a few milliliters of the 
CdS0 4 solution It no further precipitate is formed proceed as m the following 
paragraph If a precipitate appears repeat the extraction with the CdS0 4 solutioi 
and water wash as abo\e until all of the HgS has been removed 

\nalysis of Sample —Measure with a pipet or weigh 10 to 100 ml (Note) of the 
original or filtered sample into a 250 ml glass stoppered Erlenmeyer flask. Record 
the \olume or weight of sample Dilute the sample with 15 ml of alcohol \dd 
accurately from a buret 15 ml of the AgN0 3 solution stopper the flask and shake 
vigorously for 5 minutes If the precipitate is curdy add another 15 ml of alcohol 
to help break the emulsion Add 3 to 5 ml of ferric alum indicator solution and 
titrate to an iron red color with the NH 4 CNS solution Shake thoroughly Titrate 
with the AgNO, solution until the iron red color is removed and then back titrate 
with the NH 4 CNS solution to the reappearance of the iron red color Record the 
total volume of each solution used in this titration 


Note— T he sample taken for analysis should contain 0 001 to 0 01 g of mercaptan sulfur 
Therefore tl e size of the sample depends on the mercaptan sullur content 

Calculation —Calculate the mercaptan sulfur content of the sample as follows 


Mercaptan sulfur per cent by weight — 


(FiiVi- V 2 \ 2 ) X 0 032 X 100 
W 


where V\ = milliliters of AgNOj solution added to the sample 
Ai — normality of the AgNOj solution 

Vj — milliliters of NH 4 CNS solution used for the back titration 
\* ~ normality of the NH«CNS solution and 

If = grams of sample used (milliliters of sample multiplied by specific gravity) 
Precision Duplicate results by the same operator should not be considered sus 
pect unless they differ by more than the following amounts 


Mercaptan Sulfur Content 

Per Cent by Weight Repeatability 

0 0003 to 0 001 0 0001 

0 0010 to 0 005 o 0002 

0 0050 to 0 010 0 0005 

The average of results obtained in different laboratories should not be consid 
ered suspect unless the two results differ by more than the following amounts 

Mercaptan Sulfur Content , 

Per Cent by Weight Reproducibility 

0 0003 to 0 001 0 0004 

0 0010 to 0 005 0 0006 

0 0050 to 0 010 0 0009 
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LEAD ANTIKNOCK COMPOUNDS IN GASOLINE 85 

This method describes a procedure for the determination of tetraethyllead in 
gasoline and other volatile distillates. 


Note.-ASTM Method D1269, Test for 
Lead Antiknock Compounds in Gasoline, 
is also available. Both methods give 
equivalent results within theii stated 
piecision limits. 

Outline of Method.— The lead alkyl 
is converted to lead chloride and ex- 
tracted from the gasoline by refluxing 
with concentrated hydrochloric acid. 
The acid extract is evaporated to dry- 
ness, any organic material present is 
removed by oxidation with nitric acid, 
and the lead is determined gravimetri- 
cally as lead chromate. 

Apparatus. Extraction Apparatus, 
constructed of borosilicate glass, 30 con- 
forming to the dimensions given in 
Fig. 40-39, and consisting of the fol- 
lowing component parts: 

Boiling Flask, 500-ml. capacity. 

Hopkins Reflux Condenser, having 
a vapor outlet connected by a rubber 
tube to an outside vent or to a suction 
hood. 

Thistle Tube, approximately 70-ml. 
capacity, with a line to indicate ap- 
pioximately the 50-ml. level. 

Heating Tube, containing a chim- 
ney for increasing convection in the 
liquid. 

Heating Coil, 250-watts, consisting 
of 9 ft. of No. 30 B 8: S gage Nichiome 



wire. 

Rheostat, 25-ohms resistance, 2-amp. minimum capacity, for regulating the heater. 

Filtering Crucible, 25-ml. porcelain crucibles, having porous bottoms equivalent 
to Selas crucible No. 3001, or alternatively 25-ml. Gooch crucibles, capable of 
retaining a fine precipitate. 

Reagents.— Unless otherwise indicated, it is intended that all reagents conform 
to the specifications established by the Committee on Analytical Reagents of the 
American Chemical Society, where such specifications are available. References to 
water shall be understood to mean lead-free distilled water. 

33 Standardized as ASTM D526-G1 and ASA No.: 'Z1 1.48-1961. 

30 Uie\ glass is satisfactory for this purpose. 

37 Obtainable from Fisher Scientific Co., Pittsburgh, Pa. 
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Acetic Acid Solution —Dilute one volume of glacial acetic acid with one volume 
of water 

Ammonium Hydroxide Solution (1 1) Dilute one volume of concentrated 
NH.,OH (sp gr 0 90) with one volume of water 

Asbestos —Medium fiber acid washed and ignited for use with Gooch crucibles 

Notf —Test the asbestos used under the conditions of the analysis to determine its loi 
in weight due to solubility or to mechanical disintegration If necessary pick ovei tie 
isbestos by hand to remote coarse material and then acid \ ash prior to use 

Heavy Distillate —A. straight run lead free petroleum distillate of low bromine 
number with approximately 10% distilling at 400°F and 90% at 460°F 

Hydrochloric Acid (sp gr 1 19) 

Nitric Acid (sp gr 1 42) 

Nitric Acid Solution \dd one volume of concentrated HNO a to 20 volumes of 
water 

Potassium Chlorate Nitric Acid Solution —Dissolve 78 g of KC10 3 in 550 ml of 
concentrated HNO a 

f> Nitropheiiol Indicator Solution — Dissolv e 0 5 g of p mtrophenol m 100 ml 
of water and filter if necessary to remote insoluble material 

Potassium Dichromate Solution —Dissohe 100 g of k o Cr_0 7 in 1 liter of water 
and filter 

Procedure —Obtain the temperature of the sample of gasoline to be tested to the 
nearest 1 O’F (Note below) Using a pipet 3 “ transfer a a0 ± 0 0a ml sample of 
the gasoline to the flask (Fig 40 39) through the thistle tube and add approxi 
mately 50 ml of heavy distillate Add 50 ml of concentrated HC1 and reflux the 
acid and gasoline for 30 minutes Use the full heat of the heater until boiling 
has begun (usually 0 a to 1 minute) then reduce the heat by regulating the rl eostat 
so that there is at no time a steady stream of condensate from the condenser After 
the 30 minute reflux period turn off the heat allow the sample to cool a few 
minutes and drain the acid layer into a 400 ml beaker Then add 50 ml of i ater 
and reflux the water and gasoline for 5 minutes using the full heat of the heater 
Drain the water into the 400 ml beaker and repeat the water extraction 

Note— For gasolines hating a Reid sapor pressure above 7 0 lb the sealed sample 
container shall be cooled to approximately 60°r (15°C) before removing sample lot 
analysis 

kvaporate the aqueous extract to dryness (Note a) Add 3 ml of concentrated 
HN0 3 to the residue cover the beaker with a watch glass and heat to oxidize am 
organic material present (Note b) Repeat the HNO a treatment If a white 
residue is not obtained after two additions of HNO s oxidize the remaining organic 
nutter with the kC10 3 HNO a mixture as described in Note b Add 4 ml o! 
dilute HNO s mixture and 2a ml of water heat until all the lead salt is in solution 

Note n — To reduce the evaporation time it is permissible to employ an air jet under 
the following conditions Substitute a 500 ml Erlenmeyer flask for the 400 ml btaKrt 
evaporate on a hot plate whose surface temperature is maintained bet* een 230 and 2*0 
while impinging upon the surface of the liquid a stream of hot (about ?3*C) cl l catl 3 ‘ 
at a rate of about 10 1 per minute The air stream should be led into the flask by • c ^ 
of a glass tube v ith an orifice about 5 mm in diameter placed about 60 mtti alove 
surface of the liquid The air stream should not be used in the HNOa evaporation 

a a Kimble Normax kimble Glass Co Toledo Ohio meets these requirements 
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Note b.—lf the residue flashes on being heated with HNO 3 , the sample should be dis- 
carded and the acid extraction repeated on another sample of the gasoline. Then evapo- 
rate the extract until crystallization commences, but not to complete dryness. Add 10 ml. 
of KCIO 3 -HNO 3 mixture, cover the beaker with a watch glass and evaporate the mixture 
almost to dryness. Repeat this treatment, if necessary, to obtain a white residue. 

Cool the sample, add 6 drops of p-nitrophenol indicator solution, and add 
NH 4 OH until the indicator changes color, then add approximately 4 to 5 ml. in 
excess. Add acetic acid to neutralize the NH 4 OH, then add 1 to 2 ml. in excess. 
Filter the solution through a loose-texture filter paper and collect the filtrate in a 
600-ml. beaker. Wash the paper with hot water, and dilute the filtrate to 350 to 
400 ml. with water. Heat the solution to boiling on a hot plate and add 25 ml. 
of the K„Cr.,0 7 solution dropwise from a pipet. Continue boiling until the pre- 
cipitated PbCr0 4 is deep orange in color (usually 5 to 7 minutes). Allow the pre- 
cipitate to settle 3 to 4 hours, or overnight. Filter the sample through a filtering 
crucible previously dried at 110 to 120°C. and weighed. Wash the beaker and 
precipitate with hot water, dry the precipitate and crucible in an oven at 110 to 
120°C. for 1 hour, cool in a desiccator, and weigh the PbCr0 4 . 

Calculation.— Calculate the concentration of lead by means of one of the fol- 
lowing equations: 

Note.— For gasoline containing only tetraethyllead (TEL) or tetramethyllead (TML), 
the grams of lead per gallon can be converted to milliliters per gallon. The following 
equations use the factors 1,561/1.65 and 1.290/1.99 for conversion of TEL and TML from 
a weight to a volume basis, respectively, where the numerators convert the weight of 
lead to the respective lead alkyl and the denominators are the density of TEL and TML, 
respectively: 

TEL, ml. per gal. = 0.9464 
TML, ml. per gal. = 0.648.4 
where A = g. of lead per gallon at 60 °F. 

Lead, g. per U. S. gal. at 60T. = 48.41G]1 + 0.00065(t - 60)] 

Lead, g. per Imperial gal. at 60°F. = 58.14G[1 + 0.00065(1 — 60)] 

Lead, g. per liter at 15°C. = 12.79G[1 + 0.0012(G - 15)] 

where G = weight of PbCrCh, in grams, 

t = temperature of gasoline when pipeting sample, in degrees Fahrenheit, and 
t x = temperature of gasoline, when pipeting sample, in degrees Centigrade. 

Note.— The constant 48.41 is obtained from the expression 0.6394 X 3785.3/50, where 
0.6391 is an empirical factor for converting PbCr0 4 to lead, 3785.3 is the number of milli- 
liters in a U. S. gallon, and 50 represents the sample volume in milliliters. The constant 
58.1 I is obtained by multiplying 48.41 by 1.201 (the ratio of milliliters in an Imperial 
gallon to milliliters in a U. S. gallon, 4546.0 and 3785.3, respectively). The constant 12.79 
is obtained by dividing 48.41 by 3.7853. 

Note— The coefficient of expansion of motor gasoline per degree Fahrenheit at 60°F. 
is 0.0006, and that of aviation gasoline 0.0007. As a reasonable compromise, 0.00065 is 
selected in the above equations as the factor to apply. 

Precision.— The following criteria should be used for judging the acceptability 
of results (95% probability) when only tetraethyllead is present: 

Repeatability. -Duplicate results by the same operator should not be considered 
suspect unless they differ by more than the following amounts: 

Repeatability 0.032 + 0.0224 

where A = grams of lead per gallon at 60°F. 
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Re prod liability —The results submitted by each of two laboratories should not 
be considered suspect unless they differ by more than the following amounts 

Reproducibility 0 063 + 0 027 A 

where/! grams of lead per gallon at 60T 

The following criteria should be used for judging the acceptability of results 
(9o% probability when tetrametliyllead mixtures of tetraethyllead and teira 
methyllead or mixtures of other alksl lead compounds are present 

Repeatability —Duplicate results by die same operator should not be considered 
suspect unless they differ from each other by more than the following amount 

Repeatabilit\ 0 07 g of lead per U S gal 

Reproduabihty — The results submitted by each of two laboratories should not 
be considered suspect unless they differ by more than the following amount 

Reproduabihty 0 13 g of lead per U S gal 

As an exception to the precision limits given above the wider limit for repent 
ability and reproducibility should apply in die analysis of samples in which the 
antiknock compound is unknown 

SULFUR IN PETROLEUM PRODUCTS BY THE 
BOMB METHOD 3 * 

Hus method describes the procedure for the determination of sulfur in pe 
troleum products including lubricating oils containing addimes addime concen 
trates and lubricating greases diat cannot be burned completely in a wick lamp 
The method is applicable to any petroleum product sufficiently low in volatilm 
that it can be weighed accurately m an open sample boat 

Note —This method is not applicable to samples containing elements that gnc residues 
other than barium sulfate which are insoluble in dilute hvdrochloric acid solutions ami 
would inieifere in the precipitation step These interfering elements include iron alunu 
num calcium silicon and lead which aie sometimes present in greases lube oil addimes 
or addime oils Other acid insoluble materials that interfere are silica mohbdenum 
disulfide asbestos mica etc 1 he method is not applicable to used oils containin 0 weai 
metals and lead or silicates from contamination Samples that are evcludcd can be ana 
Ivzed bv \ST\1 Method D15r2 

Summary of Method —The sample is oxidized by combustion in a bomb contain 
mg oxygen under pressure The sulfur, as sulfate m the bomb washings is deter 
mined gra\imetncally as barium sulfate 

Safety — Strict adherence to all of the provisions prescribed hereafter insures 
against explosive rupture of the bomb, or a blow out, provided the bomb is oj 
proper design and construction and in good mechanical condition It ts desirable 
hou ever, that the bomb be enclored in a shield of steel plate at least H ,n 
or equivalent protection be provided against unforseeable contingencies 

Apparatus and Materials —The apparatus and materials shall consist of 6 
following 

as Standardized as ASTM D!29 60 and ASA No Zll 110 1961 
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Bomb, having a capacity of not less than 300 ml., so constructed that it will not 
leak during the test and that quantitative recovery of the liquids from the bomb 
may be readily achieved. The inner surface of the bomb may be made of stainless 
steel or any other material that will not be affected by the combustion process or 
products. Materials used in the bomb assembly, such as the head gasket and lead- 
wire insulation, shall be resistant to heat and chemical action, and shall not undergo 
any reaction that will affect the sulfur content of the liquid in the bomb. 

Sample Cup, platinum, 24 mm. in outside diameter at the bottom, 27 mm. in 
outside diameter at the top, 12 mm. in height outside, and weighing 10 to 11 g. 

Firing Wire, platinum, approximately No. 26 B & S gage. 

Caution— The switch in the ignition circuit shall be of a type which remains 
open, except when held in closed position by the operatoi. 

Ignition Circuit, capable of supplying sufficient current to ignite the cotton wick- 
ing or nylon thread without melting the wire. 

Cotton Wicking or Nylon Sewing Thread, white. 

Reagents — Unless otherwise indicated, it is intended that all reagents shall con- 
form to the specifications established by the Committee on Analytical Reagents ol 
the American Chemical Society, where such specifications are available. 

Barium Chloride Solution (85 g. per 1.).— Dissolve 100 g. of BaCL^HoO in 
distilled water and dilute to 1 liter. 

Bromine Water (saturated). 

Hydrochloric Acid (sp. gr. 1.18). 

Oxygen, free of combustible material and sulfur compounds, available at a pres- 
sure of 40 atmospheres. 

Sodium Carbonate Solution (50 g. per 1.).— Dissolve 135 g. of Na 2 C0 3 • 10H 2 O or 
its equivalent weight in distilled water and dilute to 1 liter. 

White Oil, USP. 

Procedure. Preparation of Bomb and Sample.— Cut a piece of firing wire 100 
mm. in length. Coil the middle section (about 20 mm.) and attach the free ends 
to the terminals. Arrange the coil so that it will be above and to one side of the 
sample cup. Insert between two loops of the coil a wisp of cotton or nylon thread 
of such length that one end will extend into the sample cup. Place about 5 ml. of 
Na,CO s solution in the bomb (Note a ) and rotate the bomb in such a manner 
that the interior surface is moistened by the solution. Introduce into the sample 
cup the quantities of sample and white oil (Notes b and c) specified in the follow- 
ing table, weighing the sample to the nearest 0.2 mg. (when white oil is used, stir 
the mixture with a short length of quartz rod and allow the rod to remain in the 
sample cup during die combustion). 

Note a .— After repeated use of the bomb for sulfui detei initiations, a film may be 
noticed on the innci suifacc. This dullness should be removed by periodic polishing of 
the bomb. A satisfactory method for doing this is to rotate the bomb in a lathe at about 
300 r.p.rn. and polish the inside suiface with Giil No. 2/0, or equivalent paper, 3 '! coated 
with a light machine oil to pi event cutting, and then with a paste of giit-fiee chiotnic 
oxide and water. This procedure will lcmove ali but very deep pits and put a limb 
polish on the surface. Befoie using the bomb it should be washed with soap and vv.itei 
to lemove oil or paste left fiom the polishing operation. 

Caution— Do not use mo le than 1 g. total of sample and white oil or other low 
sulfur combustible material. 

3,1 Emery Polishing Paper Grit No. 2/0 may be purchased fiom the Beln-Manning Co., 
Troy, N. Y. Chromic oxide may be purchased from J. T. Baker & Co., Phillipsbtirg, X. J. 
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Sulfur Content, per cent ; 

Weight of 
Sample, g 

Weight of 
White Oil, g 

5 or under 

0 6 to 0 8 

00 

Over 5 

0 1 to 0 4 

0 3 to 0 4 


Notf b —Use of sample weights containing over 20 mg of chlorine may cause corrosion 
of the bomb To avoid this it is lecommended that for samples containing over 2% 
chlorine the sample weight be based on the chlorine content as given in the following 
table 


Chlorine Content, 
per cent 

Weight of 
Sample, g 

Weight of 
White Oil, g 

2 to 5 

04 

04 

5 to 10 

02 

06 

10 to 20 

0 1 

07 

20 to 50 

0 05 

07 


Note c —If the sample is not readilv miscible with 1 SP white oil some other low sulfur 
combustible diluent may be emploved in place of the white oil However the combined 
weight of sample and nonvolatile diluent shall not exceed 1 g 

Addition of Oxygen —Place the sample cup in position and arrange the cotton 
wisp or nylon thread so that the end dips into the sample Assemble the bomb and 
tighten the cover securely Caution — Do not add oxygen or ignite the sample if 
the bomb has been jarred dropped, or tilted Admit oxygen slowly (to avoid blow 
tug the oil from the cup) until a pressure is reached as indicated m the following 
table 


Capacity of 
Bomb, ml 

Minimum Gage 
Pressure,® 
atmospheres 

Maximum Gage 
Pressure,® 
atmospheres 

300 to 350 

38 

40 

350 to 400 

35 

37 

400 to 450 

30 

32 

450 to 500 

27 

29 


° The minimum pressures are specified to provide sufficient oxygen for complete combus 
tion and the maximum pressures represent a safety requirement 
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Combustion. — Immerse the bomb in a cold distilled-water bath. Connect the 
terminals to the open electrical circuit. Close the circuit to ignite the sample. 
Remove the bomb from the bath after immersion for at least 10 minutes. Release 
the pressure at a slow, uniform rate such that the operation requires not less than 
1 minute. Open the bomb and examine the contents. If traces of unburned oil 
or sooty deposits are found, discard the determination and thoroughly clean the 
bomb before again putting it in use (Note a). 

Collection of Sulfur Solution.— Rinse the interior of the bomb, the oil cup, and 
the inner surface of the bomb cover with a fine jet of distilled water, and collect 
the washings in a 600-ml. beaker having a mark to indicate 75 ml. Remove any 
precipitate in the bomb by means of a rubber policeman. Wash the base of the 
terminals until the washings are neutral to a suitable indicator. Add 10 ml. of 
saturated bromine water to the washings in the beaker. (The volume of the wash- 
ings is normally in excess of 300 ml.) Place the sample cup in a 50-ml. beaker. 
Add 5 ml. of saturated bromine water, 2 ml. of HC1, and enough distilled water 
just to cover the cup. Heat the contents of the beaker to just below its boiling 
point for 3 or 4 minutes and add to the beaker containing the bomb washings. 
Wash the sample cup and the 50-ml. beaker thoroughly with distilled water. 
Remove any precipitate in the cup by means of a rubber policeman. Add the 
washings from the cup and the 50-ml. beaker, and the precipitate, if any, to the 
bomb washings in the GOO-ml. beaker. Do not filter any of tire washings, since 
filtciing would remove any sufur present as insoluble material. 

Determination of Sulfur.— Evaporate the combined washings to 200 ml. on a hot 
plate or other source of heat. Adjust the heat to maintain slow boiling of the 
solution and add 10 ml. of BaCL solution, either in a fine stream or dropwise. 
Stir the solution during the addition and for 2 minutes thereafter. Cover the 
beaker with a fluted watch glass and continue boiling slowly until the solution has 
evaporated to a volume of approximately 75 ml. as indicated by a mark on the 
beaker. Remove the beaker from the hot plate (or other source of heat) and allow 
it to cool for 1 hour before filtering. Filter the supernatant liquid through an 
ashless, quantitative filter paper (Note d). Wash the precipitate with water, first 
by decantation and then on the filter, until free from chloride. Transfer the 
paper and precipitate to a weighed crucible and dry (Note e) at low heat until the 
moisture has evaporated. Char the paper completely without igniting it, and 
finally ignite at a bright red heat until the residue is white in color. After ignition 
is complete, allow the crucible to cool to room temperature, and weigh. 

Note d- A weighed porcelain filter crucible (Selas type) of 5- to 9-^ porosity may be 
used in place of the filter paper. In this case the piecipitate is washed free of chloride 
and then dried to constant weight at 500 ± 25°C. 

N'oTr e.—A satisfactoiy means of drying, charring, and igniting the paper and precipitate 
is to place the crucible containing the wet filter paper in a cold electric muffle furnace 
and to turn on the cuirent. Drying, charring, and ignition usually will occur at the 
desited rate. 


Blank.— Make a blank determination whenever new reagents, white oil, or other 
low-sulfur combustible material are used. 'When running a blank on white oil, 
use 0.3 to 0.4 g. and follow the normal procedure. 

Calculation.— Calculate die sulfur content of the sample as follows: 


Sulfur, per cent by weight = 


(P - B) 13.73 


W 
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where P = grams of BaSO* obtained from sample, 

B = grams of BaSO* obtained from blank, and 
TP = grams of sample used 

Precision.— Duplicate results should not be considered suspect unless they differ 
by more than the following amounts (Note f). 


Sulfur, per cent 
by weight 

Repeatability ^ 

Reproducibility 

0 to 0 5 

0 04 | 

0 05 

0 5 to 1 0 

0 06 

0 09 

1 0 to 1 5 

0 08 

0 15 

1 5 to 2 0 

0 12 

0 25 

2 0 to 5 0 

0 18 

0 27 


Note —The precision shown in the above table does not apply to samples containing 
o\er 2 <r 0 chlorine because an added restriction on the amount of sample which can be 
ignited is imposed 

DILUTION OF GASOLINE ENGINE CRANKCASE OILS 10 

This method determines the amount of dilution in crankcase oils of engines 
when gasoline has been used as the fuel 

Outline of Method —The sample, mixed with water, is placed in a glass still 
pro\ided with a reflux condenser discharging into a graduated trap connected to 
the still Heat is applied, and the contents of the still are brought to boiling 
The diluent in tne sample ts vaporized with the water and then liquefied in the 
condenser The diluent collects at the top of the trap, and the excess water runs 
back to the still where it is again vaporized, carrying over an additional quantity 
of diluent The boiling is continued until all the diluent has been boiled out and 
reco\ ered in the trap and the volume is recorded 

Apparatus Flask, round bottomed, short necked, has mg a nominal capacity of 
1 liter Figure 40-40 shows recommended designs and glass connections 
Condenser, Liebig straight type ssith a jacket not less than 400 mra long, and 
with an inner tube hasing an outside diameter of 10 to 13 mm Figure 40-40 shows 
characteristic details of suitable condensers 
Trap, in accordance with the details of construction shown in Fig 4040 and 
conforming to the following requirements It should be graduated from 0 to 5 ml 
in 0 1 ml divisions It should be calibrated at four or more points by first filling 
it with water and then adding Stoddard Solvent from a standard buret having a 
calibrated capacity at least equal to that of the trap The Stoddard Solvent should 
conform to ASTM Specifications D484, Stoddard Solvent The error of the tndi 
cated volume should not exceed 005 ml 
Heater.— Any suitable gas burner or electric heater may be used with the glass 
flask 

* 0 Approved as ASTM D322 58T and ASA Vo Z11.29 1959 
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Fig. 40-40. Apparatus for Determining Diluent in Gasoline Engine Crankcase Oil. 



2018 PETROLEUM AND PETROLEUM PRODUCTS 

Procedure —Mix the sample thoroughly, measure 25 ml by means of a 25 ml 
graduated cylinder, and transfer as much as possible of the contents of the cylinder 
b) pouring it into the flask Wash the graduated cylinder with successix e portions 
of hot water until only a negligible amount of oil is left in the cylinder Add 
additional water to the flask to make a total of approximately 500 ml of water 
Fill the trap ruth cold water and add 1 ml of ethanol to the water in the trap 

Assemble the apparatus as shown in Fig 40 40 so that the tip of the condenser 
is directly o\er the indentation in the trap 

Apply heat to the flask at such a rate that refluxing starts within 7 to 10 minutes 
after heat is applied, with the water and sample being at 70 to 100°F prior to 
application of heat After boiling and condensation has commenced adjust the 
rate of boiling so that condensed distillate is discharged from the condenser at a 
rate of 1 to 3 drops per second 

Note— Bumping with a tendencx to froth oxer is oiten experienced with dim oils 
The use of boiling stones steel wool oi about j ml of toncemnted hulroihlouc acid 
(HC1) in the flash is often helpful in eliminating this difljcult\ 

Obtain readings of the amount of diluent at the following times, taken from 
the time that refluxing starts 5 15 and 10 minutes and each 15 minutes following 
until the test is complete Completion of the test shall be determined on the 
basis of either or both of the following criteria 

(1) The test is complete when the xolume of diluent increases by not more than 
0 1 ml in any 15 minute period during the course of the test 

(2) The test is complete when the xolume of diluent obtained in a gixen time 
indicates completion, as follows 


Time from Start 
of Refluxing 

Test is Complete if Apparent 
Volume of Diluent Collected 
is Equal to or Less Than 

5 minutes 

No Visible Diluent ° 

30 minutes 

2 0 ml 

60 minutes 

4 0 irj 

90 minutes 

5 0 ml 


° Report as “no dilution” , otherwre the test should be continued at least 30 minutes 

When the test continues without reaching the limit defined in Paragraph (1). 
aboxe, to a point at which any of the conditions described in Paragraph (2) aboxe 
are encountered, the latter should define the completion of the test 

When the test is complete, by either of the criteria defined in Paragraphs (1) 
and (2), aboxe, turn off the heat Allow the equipment to stand at least 30 minutes 
to allow the distillate to settle clear and to cool to approximately room tempera 
ture Read the xolume of diluent collected m the trap If the xolume of diluent 
exceeds the calibrated capacity of the trap, discontinue the test and report tie 
results as 20% plus 

Calculations.— The diluent content of the sample, expressed as xolume per cent, 
is equal to the xolume of diluent in milliliters multiplied by 4 
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Precision.— The following data should be used for judging the acceptability of 
results (95% probability) according to the concept of precision as given in the 
ASTM Proposed Recommended Practices for Applying Precision Data Given in 
ASTM Methods of Test for Petroleum Products and Lubricants. 

Reproducibility .— The results submitted by each of two laboratories should not 
be considered suspect unless they differ by more than the following amounts: 


Diluent Content 

Reproducibility 

Below 5 per cent 

2.0 


3.0 



Repeatability— Duplicate determinations by the same operator should, in general, 
show a closer agreement than the reproducibility indicated above. 

SULFUR IN PETROLEUM PRODUCTS INCLUDING 
LIQUEFIED PETROLEUM GAS BY LAMP 
COMBUSTION METHOD 1 « 

l(o) This method describes procedures for the determination of total sulfur in 
liquid petroleum products in concentrations above 0.002% by weight and com- 
bined sulfur in liquid petroleum gas or in light hydrocarbon mixtures boiling in 
this range. 

Note— The comparable lamp method for the determination of sulfur in fuel gases is 
described in ASTM Method D1072. For the detenninalion of sulfur in heavier petroleum 
products that cannot be burned in a lamp, sec the bomb method (ASTM 1)129), the 
quartz tube method (ASTM D1551), or the high-temperature combustion method (ASTM 
D1552). 

(b) The direct burning procedure (Section 8) is applicable to the analysis of 
such materials as gasoline, kerosene, naphtha, industrial aromatic hydrocarbons, and 
other liquids that can be burned completely in a wick lamp. The blending proce- 
dure (Section 9) is applicable to the analysis of gas oils and distillate fuel oils, 
naphthenic acids, alkyl phenols, high sulfur content petroleum products, and many 
other materials that cannot be burned satisfactorily by the direct burning procedure. 
The procedure in Section 10 is applicable to liquefied petroleum products such as 
liquefied petroleum gas, butadiene, and other low-boiling olefin concentrates. 

(c) Phosphorus compounds normally present in commercial gasoline do not in- 
terfere. A correction is given for the small amount of acid resulting from tire 
combustion of the tetraethyllead antiknock fluids in gasolines. Appreciable con- 
centrations of acid-forming or base-forming elements from other sources interfere 
when die titration procedure is employed since no correction is provided in these 
cases. 

(d) Elemental sulfur in liquefied petroleum gas is not quantitatively determined 
by these procedures. 


«Appioved as ASTM D1266-59T and ASA No.: Z1 1 .29-1959. 
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Summary of Method —2(a) The sample j$ burned in a closed system using a 
suitable lamp and an artificial atmosphere composed of 70% carbon dioxide and 
30% ox) gen to present formation of nitrogen oxides The oxides of sulfur are 
absorbed and oxidized to sulfuric acid by means of h)drogen peroxide solution 
which is then flushed with air to remove dissohed carbon dioxide Sulfur as sul 
fate in the absorbent is determined acidimetrically by titration with standard so- 
dium hydroxide solution or grawmetrically by precipitation as barium sulfate (see 
Method 2) 

( b ) Alternatively the sample may be burned in air the sulfur as sulfate in the 
absorbent being determined by precipitation as barium sulfate for weighing (see 
Method 2) 

Note In the absence of acid foimin 0 or base forming elements other than sulfur 
results by the volumetric and gravimetric finishes described are equivalent within the 
limits of precision of the method 

(c) For sulfur contents below 0 002% by weight it is necessary to determine 
the sulfate content in the absorber solution turbidimetrically as barium sulfate 

Apparatus —S(a) Absorbers Chimneys Lamps and Spray Traps— The stand 
ard flask and burner is not suitable for burning highly aromatic mixtures without 
blending as described m Section 9 The flask and burner for aromatic samples 
permits burning these samples directly without blending and may also be used 
to burn nonaromatic samples with this limp a second port with control valve in 
the burner manifold is required 

(b) Cotton M lcking —Clean unused uniform twisted white cotton yarn of good 
quality 418 For the burner to burn aromatic samples use long staple fine spun 
commercial fine grade 

(c) Manifold System consisting of a vacuum manifold with regulating device 
valves etc (Fig -10 41) and a dual manifold (burner and chimney) supplying a gas 
mixture of approximately 70% carbon dioxide (C0 2 ) and 30% oxygen (CL) at 
regulated pressures The vacuum manifold shall be connected to a pump of suf 
ficient capacity to permit a steady gas flow of about 3 liters per minute through 
each absorber and to maintain a constant manifold pressure of approximately 40 
cm of water below atmospheric The gas mixture in the chimney manifold should 
be maintained at t nearly constant pressure of 1 to 2 cm of water and the burner 
manifold at approximately 20 cm of water \ suitable arrangement is shown in 
Fig 40-42 and described below although any similar system may be used Mod 
lfications of the manifold and associated equipment for burning samples in air are 
shown in Fig 40 44 and described in Method 2 p 2031 

Apparatus Detail Flask and Burner for Nonaromatic Samples — \1 A lamp 
of chemically resistant glass consisting of a 2 a ml Erlenmeyer flask and a burner that 
conforms to the dimensions shown in Fig 40 41 should be used The burner con 
sists of two concentric glass tubes the external tube having an arm provided with 
standard taper glass joints for connection with the flask and the chimney The 
upper ends of both burner tubes should be polished and should hav e plane surfaces 
that are in the same horizontal plane The burner should have a 1 mm opening 
near its base to allow equalization of pressure between the chimney and the fus 
When connected with the chimney the lamp should be held in position by rubber 
bands or metal springs stretched between glass hooks on the flask and chimney 

4 ia Lily Rug yarn white 4 strand (2 to 3 mg per cm per strand) manufactured by 
Lily Mills Shelby N C as Article 241 has been found satisfactory for this purpose 
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Sample Container and Burner for Liquefied Petroleum Gases— A2 The lamp 
assembly and burner are illustrated in Figs 40 41 and 40 43 The sample vessel 
should have a capacity of 100 ml and should be made of stainless steel or other 
corrosion resistant metal 

The sample vessel should be periodically tested at a pressure of 600 psi and should 
show no measured deformation at this pressure 
Flask and Burner for Aromatic Samples —A3 A lamp of chemically resistant 
glass consisting of a 25 ml Erlenmeyer flask with a sidearm and a burner that 
conforms to the dimensions shown in Fig 40 41, should be used The burner 
consists of two concentric glass tubes the external tube having an arm provided 
with standard taper glass joints for connecting the burner with the flask and the 
chimney The upper ends of both burner tubes should be polished and should 
have plane surfaces that are in the same horizontal plane When connected with 
the chimney the lamps should be held in position by rubber bands or metal springs 
stretched between glass hooks on the flask and chimney 

Chimney — A4 A chimney of chemically resistant glass conforming to the dimen 
sions shown in Fig 40-41 provided with standard taper glass joints for connection 
with the burner and absorber should be used 
Absorber — A5 An absorber ol chemically resistant glass conforming to tl e dimen 
sions shown m Fig 40 41 provided with standard taper glass joints for connection 
with the chimney and sprav trap should be used A fritted disk with average pore 
diameter from 150 to 200 should be sealed m the larger ot two bulbs ol the 
absorber The fritted disk should be of such a porosity tbit when aO ml of water 
is placed in the absorber and air is passed through at the rate of 3 0 liters per 
minute in the forward direction the pressure differential between the two sides 
of the absorber is between 15 and 23 cm of water and the air is dispersed untformlv 
Spray Trap— A6 A spray trap of chemically resistant glass conforming to the 
dimensions shown in Fig 40 41 provided with a standard taper glass joint foi 
connection with the absorber should be used 

Manifold System — A7 A satisfactory vacuum and combustion atmosphere mam 
fold and supply system for supplying the required C0 2 O, mixture to the lamp 
assemblies is shown diagrammitically in Fig 40 42 The gases are supplied from 
commercial cylinders the pressure of each gas being adjusted to 10 ± 2 psig by 
means of two single stage reguliting valves to insure constant pressure a' the flow 
regulating needle valves It is necessary to pass the CO through a heat exchanger 
installed ahead of the regulating valves to prevent freezing of the valves lhe 
gases are passed through a metering system consisting of two calibrated rotimet"r 
flow meters to indicate the proportion ot the two gases mixed in the surge tuik 
Any number of lamp assemblies can be operated as a unit the throughput of the 
flow meters being chosen accordingly The tubing that connects the chimney main 
fold to the chimneys should have an internal diameter not smaller than in in 
order to prevent unnecessary restriction in gas flow The scrubber should have a 
capacity of about 1 liter 

Purity of Reagents —4(a) Reagent grade chemicals should be used in all tests 
Unless otherwise indicated it is intended that all reagents should conform to the 
specifications of the Committee on ^mlytical Reagents of the American Chemica 
Society where such specifications are available Other grades may he used pro- 
vided it is first ascertained that the reagent is of sufficiently high purity to permit 
its use without affecting the accuracy of the determination 
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(b) Unless otherwise indicated, all references to water shall be understood to 
mean distilled water. 

Reagents and Materials. 5(a) Carbon Dioxide and Oxygen.-The carbon di- 
oxide (C0 2 ) and the oxygen (O a ) should each be at least 99.5% pure. These gases 
should meet the requirements of Section 8(e). 

(b) Diluent.— The diluent used should have a sulfur content less than 0.001%, 
be completely miscible with the sample to be analyzed, and permit burning at a 
moderate rate without smoking. n-Heptane, fsooctane, and absolute ethyl alcohol 
have been found suitable. 



Fig. 40-42. Schematic Diagram of C0 2 -0 2 Supply Manifold and Lamp System. 


(c) Hydrochloric Acid (1:10).— Mix 1 volume of concentrated hydrochloric acid 
(HC1, sp. gr. 1.19) with 10 volumes of water. 

(d) Hydrogen Peroxide Solution (1.5%).— Mix 1 volume of hydrogen peroxide 
(HjOo, 30%) with 19 volumes of water. Store in a dark-colored glass-stoppered 
bottle. 

(c) Methyl Purple Indicator.— Aqueous solution containing approximately 0.1% 
active constituent^ 2 (Not methyl violet.) 

(/) Sodium Hydroxide Solution (100 g. per liter).— Dissolve 100 g. of sodium 
hydroxide (NaOH) in water and dilute to 1 liter. 

(g) Sodium Hydroxide Standard Solution (0.05 N).-Dilute 2.8 ml. of saturated 
NaOH solution to 1 liter (Note), using for this purpose the clear saturated solution 
decanted after standing long enough to permit any precipitate to settle out. 
Standardize by titration against standard add, using the methyl purple indicator. 

42 Fleisher Metlnl Purple Indicator, U. S. Patent No. 2416619 may be obtained from 
l-'lcishcr Chemical Co., Benjamin Franklin Station, Washington 4, D. C., or from any 
chemical supplj company handling Fleisher Methyl Purple. ’ 1 
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Store in an alkali resistant glass bottle and protect to minimize contamination by 
CO* from the air Use only pure gum rubber tubing for connections between the 
storage bottles and burets 

Note —The calculation of results mas be simplified bv adjusting the normal i tv of tie 
\aOH solution to 0 0624 * 00001 Then 1 ml of the \aOH solution will be equivalent 
to 0 0010 g of sulfur In this case the factor 16 03 \ in the calculation (Section 12(oll 
becomes l 000 

Preparation of Apparatus —G(a) When the apparatus is first assembled charge 
the absorber with 30 ± 2 ml of water Adjust the individual valves between the 
vacuum manifold and spray traps so tint approximate!) 3 1 of air per minute 
will be drawn through each absorber when the chimne) outlets are open to the 
atmosphere while maintaining the pressure in the vacuum manifold at approxi 
mitelv 40 cm of water below atmospheric When all adjustments have been 
made remove the water from the absorbers The height of the liquids m the 
pressure and vacuum regulators is indicated in Fig 40 42 and during operation 
i slow leak of gas through them should be maintained (Note) 

Note In use place 300 to 400 ml of H»0 solution (1 o° 0 ) in the scrubber Since the 
manifold manometer also serves as a set u fiber at the end of the test to remove CO from 
the absorbent use HjO_ solution (I 5 ‘ 0 ) as tic manometne liquid Replace wecklv <r 
whenever the volume becomes appreciablv less than the original 

(b) Neutralize the H_0 solution (1 5%) immediately before use As 30 ml of 
the solution is needed transfer to a beaker multiples of 30 ml sufficient for tin 
number of absorbers to be used simultaneously Add 1 drop of methyl purple 
indie itnr solution for each 100 ml of H 0_ solution and then add 0 0a A NaOll 
solution dropwise until the color changes from purple to light green 

(c) Introduce 30 ± 2 ml of the freshly neutralized H 0 2 solution (I 5%) into 
die larger bulb of eadi absorber In addition for each set of samples burned 
prepare an extra absorber for use as a control blank Attach the spray trips and 
chimnevs and connect diem to their respective manifolds by means of sulfur free 
rubber tubing Close the chimney openings by means of corks 

(d) With the burner control valves closed the valve to the vacuum regulator 
fully open mil the pressure in the vacuum manifold adjusted to approximates 
40 cm of water below atmospheric turn on the CO„ and O, supplies ( Caution see 
Note a) Adjust the chimnev manifold control valve so that at the required rale 
of flow through the absorbers only t small stream of CO 0 2 gas escapes it till 
pressure regulator a smill stream of air enters at the vacuum regulator and tin 
pressure tn the chimney manifold is 1 to 2 cm of water Minor adjustment ol 
the vacuum regulator and vacuum control valve may be necessary to achieve tins 
condition (Note b) 

Note a Caution —\ hazardous (explosive) condition may result if the COj *uppl) ■' 
interrupted and the 0 2 flow is continued while samples are being burned The installs 
non of suitable warning or control equipment is recommended 

Note b —It is convenient to balance the gas flow system by regulating the prcssuie n> 
the vacuum manifold This is done by raising or lowettng the air inlet tube »» 
vacuum regulator by sliding it in a rubber sleeve 

(e) Cut the wtckmg to 30 cm lengths Use the number of lengths dictated bs 
the sample (see Section 7) fold the wricking once to give a 15 cm long bund e jr 
threading the burners Thread the required number of burners by inserting t ' 
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looped ends into die top of the inner tube of the burner. Draw the wicking 
through by means of a metal hook. Trim the wick as close as possible to the 
top of the burner with a pair of sharp scissors. It is essential that thoroughly 
cleaned burners and new wicking be used for each test. 

Control of Combustion— 1 (a) Most types of liquid samples burn with a luminous 
yellow flame, the size and shape of which is dependent on the gas flow to the 
burner, the volatility of the material, the tightness of the fit of the wick in the 
burner tube, and the position of the top of the wick relative to the top of the 
burner. It is preferable that the latter two variables be fixed with relation to the 
first before burning is started so that the flame can be controlled by variation in 
the rate of C0 2 -0 2 flow. 

( b ) Highly volatile samples require a tight-fitting wick, the top of which may 
need to be several millimeters below the top of the burner, and in extreme cases 
may have to be cooled in ice during the burning. Less volatile materials require 
a more loosely fitting wick and may require warming. 

( c ) After trimming, draw the wick down until the trimmed edge is flush with 
or just a little below the top of the burner. With the burner for aromatic samples, 
the distance from the top of the burner to the top of the wicking should be 8 mm. 
or more for benzene and 4 mm. for toluene; a slight heating of the upper end of 
the burner will be helpful in starting vaporization of heavier materials. 

(d) To use the standard lamp, light the wick and then slowly admit combustion 
atmosphere to the burner to obtain a smoke-free flame. To use the burner for 
aromatic samples, introduce a small amount of combustion atmosphere into the 
flask to provide sufficient vapor for lighting the burner. After lighting the burner, 
introduce combustion atmosphere directly into the burner to prevent smoking and 
to adjust the flame size. If the flame is accidentally snuffed out, relight. 

( e ) A short burning period (1 to 2 minutes is usually sufficient) at low flame 
height is necessary to allow combustion to reach equilibrium before the flame size 
can be increased without causing a smoky flame. In adjusting the standard lamp, 
the entire control is at the burner. For the burner for aromatic samples, first 
adjust the flow of gas to the flask and then reduce the flow of gas to the burner 
as required. In any case, it is essential that the flame burn smoothly and sym- 
metrically and without jets in the inner cone or smoke on the outer fringes. 

(/) Satisfactory combustion of materials difficult to burn can sometimes be ob- 
tained by increasing the O., content of the combustion atmosphere. Never increase 
the 0 2 content of the combustion atmosphere to more than 40%. 

(g) Before extinguishing the flames, the samples shall be burned until the flask 
and wicking appear to be dry and the flame has reduced considerably in size; fre- 
quently the flame continues to burn a short time after the flask appears dry because 
of the sample in the wick. For example, for gasoline samples, which burn with a 
high flame, the flame should be extinguished when it is only 3 to 4 mm. high. 
If the flame is permitted to burn until it goes out, partially oxidized substances 
(probably organic acids) are produced; as a result broad, indistinct end points are 
obtained. When samples are not burned until the flask is apparently dry, erratic 
results may be obtained. In the case of volatile samples, any unburned sample 
will escape from the burner during weighing. When elemental sulfur is present, 
it is particularly important that the sample be burned to apparent dryness and 
that the wick be maintained flush with the top of the burner to insure complete 
combustion. With mixtures containing light and heavy hydrocarbons, the more 
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\ olatile materials seem to bum first, possibly concentrating sulfur compounds in 
the material remaining behind 

Procedure for Direct Combustion of Liquid Samples ( see also Method 2, p 2031 ) 
— 8(a) By means of an appropriate pipet, introduce into the flask of each lamp an 
approximate quantity of sample as indicated in Table 40 24 Stopper the flasks 

Table 40-24 Sample Size for Direct Combustion of Liquid Samples 


Sulfur Content, per cent 
by weight 

Sample Size 

g 

ml 

Under 0 05 

10 to 15 

20 

0 05 to 0 3 

5 to 10 

10 

0 3 to 1 

3 to 5 

5 

Over 1 

2 to 3 

3 


tilth clean, numbered corks Weigh each flask and its burner to the nearest 0 005 g 
(Note) 

Note— W hile the stoppered flasks and prepared burneis may all be weighed separately 
it is usually more convenient to place each flask and its burner on the balance pan and 
obtun ihe combined weight in a single weighing 

(6) Handling each lamp individual!) insert the burner in the flask \s soon as 
the sample has risen by capillary action to the top of the wick connect the side 
tube of the burner to the burner manifold by means of sulfur free rubber tubing 
Light the burner with a sulfur free flame (such as an alcohol lamp) and insert into 
the chimne) pinching off the connection between the chimney and the chimne) 
manifold during the insertion if the flame tends to be blown out At the same 
time adjust the gas flow to the burner so that the flame is maintained at a point 
just below smoking and has a stead) symmetrical appearance Continue in this 
manner until all lamps has e been placed in the chimne)s Make an) minor ad 
justment of the chimney manifold control valie necessary to maintain the required 
pressure (see Section 6) During the burning, and particularly during the latter 
stages when the flame becomes small decrease the C0 2 O > suppl) to the burners in 
order to present extinction of the flames (Note below) 

Note— W hen incomplete combustion occurs the absoiber liquid will foam excessively 

(c) When the burning of each sample is complete as e\ idenced by the flame be 
coming small owing to depletion of die sample remote the burner and flask from 
the chimne), extinguish the flame shut off the C0 2 0 2 supply to the burner an 
stopper the chimney opening Immediately reweigh the flask, burner, and num 
bered cork When all combustions have been completed, turn off the C0 2 an 
the 0 2 supplies, close the chimney control valie, and close the connection to t e 
vacuum regulator, this will cause air to be drawn into the chimney mani ° 
through the manometer Allow air to be drawn through the absorbers in tus 
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manner for 5 minutes to remove dissolved CO a from the absorbent; then close the 
vacuum control valve (Note). 

Note— If it is desired to conserve the combustion atmosphere, the gas flow through 
each individual absorber may be turned off upon completion of the burning period. To 
accomplish this, pinch off the rubber tubing connecting the spray trap to the vacuum 
manifold, reduce the flow of mixed gases at the rotameters proportionately, and readjust 
the vacuum control valve and the chimney control valve. When the burning of all samples 
has been completed, it is necessary to remove the pinch clamps and readjust the vacuum 
control valve in order to draw air at the required rate through the absorbers for removal 
of dissolved C0 2 . 

(d) Rinse the chimneys and spray traps three times, using about 10 ml. of water 
each time. When the sample contains tetraethyllead, use hot water to rinse the 
chimneys. Add the rinsings to the absorbers, and titrate as directed in Section 11. 

(e) Blank.— Leave the chimney of the blank absorber (Section 6(c)) stoppered, 
and allow the C0 2 -0 2 stream to pass through that absorber until all samples 
started at one time have finished burning. Turn off the C0 2 and the 0 2 supplies 
and aerate the blank absorber in the same manner as the sample absorbers (Para- 
graph 8(c) above). Titrate the absorber liquid as directed in Section 11. Normally, 
the combustion atmosphere blank will be small, but if the titration requires more 
than 0.1 ml. of 0.05 N NaOH solution discard the determination and replace the 
C0 2 cylinder. 

Procedure jor Blending and Combustion of Liquid Samples.— 9(a) Add 6 ml. 
of stdfur-free diluent to each flask. Stopper the flasks with numbered corks and 
weigh to the nearest 0.005 g. By means of a pipet, introduce into the flask of each 
burner an approximate quantity of sample as indicated in Table 40-25; swirl to 
mix thoroughly, and reweigh (Note). 

Table 40-25. Sample Size for Testing Blended Liquid Samples 


Sulfur Content, per cent 

Sample Size 

by' weight 

g- 

ml. 

0.5 and under 

3 to 4 

5 

Over 0.5 

2 to 3 

3 




Note.— Alternatively, make a quantitative 40% blend of the sample in sulfur-free diluent 
and proceed as described in Section 8. 

(b) Insert the burner and burn as described in Section 8(h). Remove each lamp 
from its chimney as the flame nears extinction and extinguish the flame. Add 
2 ml. of diluent, allowing the diluent to rinse down the walls of the flask. Burn 
the additional diluent and repeat die addition of diluent and burning one more 
time so that a total of 10 ml. of diluent has been burned (Note). 

Note.— In this case, it is desirable that a 10-ml. diluent blank be run; the titration of 
the absorber solution from this blank shall not exceed 0.1 ml. of 0.05 N NaOH solution. 
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(c) After all lamps have completed burning turn off the C0 2 and 0 2 supplies 
close the connection to the vacuum regulator draw air through the absorbers for 
5 minutes and finally close the vacuum control valve Rinse the chimney and 
spray traps three times using about 10 ml of water each time Add the rinsings 
to the absorbers and titrate as directed in Section 11 

Procedure for Combustion of Liquefied Petroleum Gases— 10(a) Obtain the 
sample in a container by the method conforming to the recommendations in ASTM 
Method D1265 Method of Sampling 
Liquefied Petroleum Gases 

(b) Clean and dry a 100 ml corro 
sion resistant metal vessel Remove the 
needle valve Wash the interior of the 
vessel and needle valve, first with a 
sulfur free hydrocarbon such as n pen 
tane and then with acetone Dry the 
interior of the vessel with clean com 
pressed air and rinse it with HC1 
(1 10) Rinse the interior with water 
and then rinse it with NaOH solution 
(100 g per liter) Rinse the interior of 
the vessel with water until the wash 
water is neutral to a pH test paper 
Wash the vessel with acetone and allow 
it to drain for at least 10 minutes Dry 
the vessel with a stream of clean com 
pressed air and reassemble 

(c) Evacuate the clean dried metal 
vessel and connect it to the liquid line 
of the sample container by means of a 

He 40 43 Diagrammatic Sketch of the short length of stainless steel tubing 
liquefied Petroleum Gas Burner Assembly leaving the connection to the metal 
vessel somewhat loose Open the valve 
slightly on the sample container and allow a small amount of the sample to bleed 
from the loose connection at the metal vessel thereby purging the transfer line 
( Caution see Note below) Take care to exclude all air when filling the metal vessel 
because hydrogen sulfide (H 3 S) oxidizes rapidly in the presence of metals Tighten 
the connection at the metal vessel and introduce 30 to 50 g of the liquid phase ol 
the sample into the evacuated metal vessel 

Note Caution —If this sample transfei is made m a building observe all necessary fire 
precautions 

( d ) Immediately disconnect the metal vessel and bleed off the liquid phase of 
the sample until the net weight in the 100 ml metal vessel is 30 to 40 g (Caution 
see Note below) 

Note Caution —It is important not to keep the sample vessel liquid full because further 
liquid expansion on increase of temperature could rupture the vessel 

(e) Weigh the vessel containing the sample to the nearest 0 1 g Support the 
sample vessel in an inverted position so that the sample is taken from the liqui 
phase Connect the sample vessel to the auxiliary stainless steel regulating va ve 
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by means of stainless steel tubing (Fig. 40-43) (Note below)- B y means of short 
lengths of sulfur-free rubber tubing, connect the auxiliary valve outlet to the side 
inlet of the gas burner and the lower inlet of die gas burner (Section A2, p. 2022) 
to the burner manifold. 

Note.— W ith some samples it may become necessary, for steady burning, to surround 
the auxiliary \alve with a heat-exchanger system. A comenient means is winding insulated 
heating wire, haling a resistance of 40 to 60 ohms, aiound the auxiliary vahe and con- 
necting it to a suitable theostat. Another means is to place the regulating \al\e in a 
suitable metal beaker and coier the \al\e body with water maintained at 140 to 180°F. 

(/) Open the valve on the sample vessel; then open the auxiliary valve to allow 
a small stream of vapor to escape. Quickly light the burner with a sulfur-free flame. 
Adjust the flow of CO ; -0., mixture and sample so diat the flame is approximately 
35 mm. high and clear blue in color; this color is reached just beyond the point 
at which a yellow color shows at the tip of the flame. Insert the burner into the 
chimney and readjust the flame if necessary. Burn approximately the quantity 
of sample prescribed in Table 40-26. Close the valve on the sample vessel and 

Table 40-26. Sample Size for Testing Liquefied Petroleum Gases 


Sulfur Content, grains per 
100 cu. ft. at 60° F. and 
29.92 in. Hg 

Sample Size, g. 

1 to 5 

35 to 40 

10 to 15 

5 to 10 

5 to 1 5 

Over 15 



allow the sample contained betiveen this valve and the auxiliary' valve to be vapor- 
ized and burned. Disconnect the heated auxiliary valve and reweigh die sample 
\essel to the nearest 0.1 g. 

(g) When the combustions have been completed, turn off the CO., and Oo sup- 
plies, remove the burner from the chimney, close die valve to the vacuum regu- 
lator, draw air through the absorbers for 5 minutes, and finally close the vacuum 
conti ol valve. Rinse the chimneys and spray traps diree times, using about 10 ml. 
of water each time. Add the rinsings to the absorbers and titrate as directed in 
Section 11. 

Titration of Absorbait Solution.— 11. Add 3 to 4 drops of methyl purple indi- 
cator solution to the liquid in each absorber. Titrate the absorbent solution by 
introducing 0.05 .V NaOH solution from a buret into the smaller bulb of the 
absorber. Use a 10-ml. microburet if less than 10 mg. of sulfur is expected to be 
present in die absorber. Stir during the tiuation by applying suction intermit- 
tently to the top of the larger bulb (Note). 

Note.— W hen incomplete combustion of the sample occuis, the air drawn through the 
absorber during the titration will have a chaiacteristic taste or odor and the end° point 
will be broad. In these cases, discard the determination. r 
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Calculations —12(a) Calculate the sulfur content of liquid samples as follows 

Sulfur content per cent by weight = 1 6 03 A 7 X 

where A ** milliliters of NaOH solution required to titrate the acid in the absorbent 
solution from the burned sample, 

N = normality of the NaOH solution (see Note), and 
TV = grams of sample burned 

(6) When it is required by specifications to correct the sultur content (Note 
below) for tetraethyllead fluids calculate the corrected values as follows 

Corrected sulfur content, per cent by weight =■ S — IF 

where F =* 0 0016 if the sample contains aviation tetraethyllead fluid and 0 0037 if it 
contains motor tetraethyllead fluid, 

L = tetraethyllead content in milliliters per U S gallon and 
S — sulfur content in per cent bv weight 

Note —These corrections are based on expenmems of burning fuels blended with anti 
knock fluid containing tetraeth)llead and ethylene halide in commonly used combinations 

( c ) Calculate the sulfur content of liquefied petroleum gases as follows 

R (for propane) - 8146" 

R (for butane) = 1072S - 

R (for propane butane mixtures) = .?(3374 (G — 0 5077) + 814) 

where R = grains of total sulfur per 100 cu ft of gas at OO 0 !- and 29 92 in of mercury, 
S = sulfur content in per cent bv weight, and 
G = specific gravity of the mixture at 60/60°F (Note) 

Note— If the specific gravity of the mixture is not known determine it by ASTM 
Method D1657 Test for Specific Gravity of Light Hydrocarbons by Pressure Hydrometer 

Precision— 13 The following data should be used for judging the acceptability 
of results (95% probability) as applied to the direct burning of liquid samples in 
the range of 0 01 per cent to 0 4 per cent sulfur (Note below) 

(a) Repeatability —Duplicate results by the same operator should not be con 
sidered suspect unless they differ by more than the following amounts 

Repeatability 

Sulfur content 0 005 

(fa) Reproducibility —The results submitted by each of two laboratories should 
not be considered suspect unless the two results differ by more than the following 
amounts 

Reproducibility 

Sulfur content 0 010 + 0 025.? 

where S — the total sulfur content, % by weight, of the sample 
Note— T est data applicable to liquefied petroleum gas samples are being collected 
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SULFUR IN PETROLEUM PRODUCTS BY LAMP 
COMBUSTION METHOD 2 

AIR BURNING OF SAMPLE. GRAVIMETRIC FINISH 

(Abstracted from former ASTM Method D90-55T) 

I. This procedure is recommended only for analyzing liquid petroleum samples 
that can be burned with a wick lamp; it is not recommended for analysis of lique- 
fied peti oleum gas samples. 



Fig. 40-44. Schematic Diagram of Purified Air Supply Manifold and Lamp Ssstem. 


Apparatus - 2. The manifold system desciibed in Section 3(c) may be used with 
only a slight modification. Filtered air should be substituted for the C0„-0., supply 
train and a second sintered-plate scrubber should be added to the incoming air line 
as shown in Fig. 40-44. 

Additional Reagents. (See p. 2023 for other reagents.) 3. Barium Chloride Solu- 
tion (100 g. per liter).— Dissolve 100 g. of barium chloride dihydrate (BaCL-2H.,0) 
in water and dilute to 1 liter. 

Hydrochloric Acid (sp. gr. 1.19).— Concentrated hydrochloric acid (HC1). 

H) drogen Peroxide Solution (30%).— Concentrated hydrogen peroxide (H„Oo). 

Sodium Hydroxide Solution (100 g. per liter).— Dissolve 100 g. of technical grade 
sodium hydroxide (NaOH) pellets in water and dilute to 1 liter. 

Sulfuric Acid (1:16).— Mix 60 ml. of concentrated sulfuric acid (H„S0 4 , sp. gr. 
1.84) with 960 ml. of water. 

Preparation of Apparatus.— ‘1. Place 300 to 400 ml. of NaOH solution in the first 
scrubber (Fig. 40-44) and the same amount of H 2 0 2 -H 2 S0 4 solution (300 ml. of 
1-LO, 30 ml. oi H 2 S0 4 (1:16), and 30 ml. of H 2 0 2 (3 _ 07 o )) in the second scrubber. 


2032 PETROLEUM AND PETROLEUM PRODUCTS 


For apparatus m daily use replace these solutions two times each week or when 
e\er the \ olume becomes less than two thirds of the original 
Make other preparations as described in Section 6 except that the H„0 2 solution 
(1 3 %) need not be neutralized 

Procedure for Combustion —5 Burn the sample as described m Section 8 of 
Method 1 controlling combustion as described in Section 7 of Method l Use a 
sample size as prescribed in Table 40 27 Analyze the absorber solutions from the 
samples and blanl as described in section following 

Table 40-27 Sample Size for Air Burning of Liquid Samples 



Sample Size 

Sulfur Content, 



per cent bv weight 

g 

ml 

0 5 and under 

5 to 10 

10 

Over 0 5 

3 to 5 

5 


Procedure for Analysts of Absorber Solutions —6(a) Transfer the absorber 
liquid to a 400 ml beaker Rinse the absorber and chimnes thoroughly with water 
and add the rinsings to the beaker Filter the solution to remote am foreign 
material receiving the filtrate in a 400ml beaker hating a mark to indicate 7 a nil 
Add 2 ml of HC1 beat to boiling and add 10 ml of BaCL solution either in a 
fine stream or dropwise Stir the solution during the addition and for 2 minutes 
thereafter 

(b) Coter the beaker with a fluted watch glass and continue boiling slowly until 
the solution has etaporated to a volume of approximate!) 75 ml as indicated b> 
the mark on the beaker Remote the beaker from the hot plate (or other source 
of heat) and allow to cool 1 hr before filtering 

( c ) Filter the supernatant liquid through a close texture ashless filter paper 
Wash the precipitate with water first by decantation and then on the filter paper 
until free of chloride ion Transfer the paper and precipitate to a suitable 
weighed crucible and dry at low heat until the moisture has e\ aporated Char the 
paper completely without igniting it and finally ignite at a bright red heat until 
the precipitate is burned white (Note) After ignition is complete allow the aw 
cible to cool to room temperature and weigh 

Note A satisfactory means of accomplishing these operations is to place the uncoiered 
crucible containing the wet filter paper in a cold electric muffle furmce and turn on me 
current Dning charring and igniuon usually occur at the desired rate 

Calculation —7 Calculate the sulfur content of the sample as follows 


Sulfur content, per cent by weight 


(ai - b ) X 13 73 
TV 
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where w = grams of barium sulfate (BaSCL) precipitate in the absorber solution from 
the burned sample, 

b = grams of BaSC >4 precipitate from the corresponding blank absorber solution 
(Note), and 

JV = grams of sample burned. 

Note.— T he determination should be discarded if the blank correction used in the cal- 
culation exceeds 1.5 mg. of BaSO.!- Frequently, impure reagents are the cause of this 
difficulty. 

Precision.— See Section 13 of Method 1, p. 2030, for recommended data. 
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and boiling points, functional groups, molecular weight, empirical formula, and 
the arrangement of the molecules in the solid state. Such data are inadequate for 
characterizing plastics, however. Plastics do not exhibit sharp melting points, but 
soften gradually with increasing temperature, and finally become more or less 
\iscous liquids. The thermosetting plastics become infusible after an initial heating 
and decompose on any further increase in temperature. Most plastics are not 
homogeneous, but are heterogenous mixtures of molecules of similar structure but 
of different molecular weights. The individual structural unit in a polymer is 
termed a “mer.” The mer has a definite structure and chemical composition, and 
a molecular weight called the mer -weight. Therefore, the molecular weight of the 
polymer is the product of the mer weight and the number of mer units in the 
molecule. Conversely, the degree of polymerization (D.P.) is the number of mers 
in the molecule, and is calculated by dividing the molecular weight by the mer 
weight. 

Some of the molecular characteristics of greatest significance for understanding 
the physical properties of high polymers are considered to be the nature of the 
monomer units, molecular weight and molecular weight distribution, and details 
of chain structure. 2 In addition to defining the molecular characteristics of the 
plastic, it is usually necessary also to determine the intentional and unintentional 
additives. 

The following analytical scheme for the analysis of selected plastics is divided 
into three parts. The first is devoted to the identification of plastics. The second 
contains procedures that are, with minor modifications, applicable to the analysis 
of most plastics. The third contains procedures for the analysis of specific plastics. 

- Geliman, S. D., Ind. and Eng. Chem., 44, 730, 1952. 



PART 1 

IDENTIFICATION OF PLASTICS 


Many schemes for the identification of plastics have been devised based on 
solubility, density, burning tests, and elemental analysis The shortcomings of 
most of these schemes is their inabilit) to characterize sufficiently the composition 
of copolymers or polymer blends 

The following scheme is based on an infrared spectrometric examination of the 
plastic film and a gas chromatographic examination of the plastics pyrolysis 
products 

IDENTIFICATION BY INFRARED SPECTROMETRY 3 1 • • 

Many commercial plastics contain plasticizers or other additives that may con 
tribute some infrared absorption characteristic of functional groups other than 
those of the polymer Elimination of these interfering materials may be accom 
p hshed according to the procedure in Part 2 for the determination of organic addi 
tives p 2045 

The absorption bands characteristic of the individual homopolymers are dis 
cussed below The infrared spectrum of a copolymer is essentially a superposition 
of the component homopolymer spectra Thus, the infrared spectrum can easily 
enable the identification of the components of a copolymer or a blend of polymers 
To determine whether the plastic is actually a copolymer or a blend of polymers 
the plastic must be fractionated as prescribed in the procedure for fractional pre 
cipitation p 2047, and the fractions reexamined 

Procedure —Add 2 to 2 5 g of the plastic material to 50 ml of methylene chlo 
ride or other suitable low boiling solvent contained m a 4 oz bottle Stopper the 
bottle and shake the solvent plastic mixture until the plastic is dissolved or dis- 
persed into small gel particles Spread a portion of the resultant solution uni 
formly o\ er the surface of a rock salt plate Dry the solution on the plate slowly 
at room temperature and pressure to avoid the formation of bubbles in the film 
After most of the solvent has been volatilized at room temperature, place the plate 
under a heat lamp for 10 to 20 mm to remove all traces of the solvent The 
resultant film should be approximately 0 1 mm thick The desired thickness may 
be obtained by building up layers progessively Obtain the infrared spectrum of 
the film from 2 5 to 15 ^ 

2 U S Dept of Commerce, Office of Technical Services PBI 11438, 1954 
* Robert, A, Association Tech de Lind, Tapateture, Bulletin (6), 195, 1958 .. 

s Potts \V J , International Symposium on Plastics Testing and Standardization, AM > 
Philadelphia 1958 ( t _ 

« The infrared spectra are reproduced from Nyquist, R A , Infrared Spectra ot ri 
and Resms, The Dow Chemical Co, Midland, Michigan, 1960 
2036 
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IDENTIFICATION OF PLASTICS 

Polystyrene.— The primary identifying infrared absorption bands for polystyrene 
are those at 13.2 and 14.3 \i, which arise from the monosubstituted benzene ring, 
and at 3.4 and 3.5 /t, which arise from the aliphatic methylene structure (Fig. 41-1). 



Fig. 41-1. Polystyrene. 


Polyacrylonitrile.— Polyacrylonitrile is characterized by a sharp band at 4.5 n, 
due to the — C = N stretching vibration (Fig. 41-2). 
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Fig. 41-2. Pol)acrylonitrile. 


Butadiene Rubber.— Most butadiene/styrene rubber used in styrene/rubber plas- 
tics contains butadiene, which has been polymerized primarily by trans 1,4- addi- 
tion. A sharp band at 10.35 n is characteristic of the trans— RCH=CHRj con- 
figuiation (Fig. 41-3). ' 
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PI \STICS 


Polyainyl Chloride— The principal ldentihing absorption binds for poltsmsl 
dtloride are those at 7 0 #r tlue to C— H stretching and bending in the methylene 
groups at approxumteh 9 2 n and a broad band at 14 bp which prohibit m 
solses a C— Cl stretcli (Fig 41 4) 



lie 41 l Polssmsl Chloride 

Polsunyl Acente— Polwinyl acetite is char icten/td by slurp absorption bat ds 
at a 74 7 0 md 7 26 #i and the absence ol binds at 9 2 and 14 o n The band at 
5 74 fi is due to the C=0 group while the 7 26 n band arises from the main! 
group (Fig 41 5) 


i§£5iEi555l£sEi 


Polysinyl Alcohol —1 he prim in identifying bands for polysinyl ilcohol occur at 
3 03 i ml 9 2 m These binds are ciused by the —OH stretching md bending modes 
respcancly (fig 416) IS inds ch ir it leristic of polys m\l icctitt norm illy occur 
in the spectra of polys in\l alcohol since polyunyl alcohol is made from polytuitl 



41 ti Pols s ins 1 Mtoliftl 
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Polyvinylidene Chloride.— Polyvinylidene chloride is characterized by an absorp- 
tion band at 7.1 n and a doublet at about 9.35 and 9.6 fx (Fig. 41-7). 



Vinyl Chloride/Vinylidene Chloride Copolymers.— The vinyl chloride absorption 
band, which appears at 8.0 /x in polyvinyl chloride, is shitted to 8.3 n in the random 
copolymers (Fig. 41-8). 



Fig. 41-8. Vinyl Chloride/Vinylidene Chloride Copolymer. 

Polyethylene.— Polyethylene is identified by the carbon-hydrogen absorption 
bands, particularly the doublet between 13.5 and 14.0 /x, which is found in all 
solid polycthyienes. The 13.7 -m band is sensitive to crystallinity. The melted 
polymers exhibit only the band at 13.9 n. The spectrum of branched polyethylene 
(low density) exhibits absorption at 7.25 /x, due to the methyl groups, while linear 
polyethylene (high density) usually has a more intense band at 11.0 n, arising from 
the vinyl unsaturation (Fig. 41-9). 
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PLASTICS 


Acnlic Plastics— The acrjlic plastics are characterized b) the presence of the 
t\pical C=0 absorption it 5 77 n absorption in the 8 to 9 (i region due to the 
C— O— C stretching mode and the absence of absorption bands at 7 0 and 9a ^ 
(Figs 41 10 and 41 11) Characterization of the \irious alh)l esters of methacnlic 
and icnlic acids is accomplished b) the pjrol^sisgas chromatograph) procedure. 
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Fig 41 11 lohmeihsl Methacnlate 


Cellulose Acetate Cellulose acetate is identified b\ the presence of the tveal 
In draw 1 absorption band at 2 87 the strong carbonyl absorption at 5 71 i ami 
the broad ibsorption band at 9 4 n together null the absence of the 7 0 -m band 

(*'g 'll 1-2) 



Fig 41 12 Cellulose Acetate 


Cellulose Etliers —Cellulose ethers can be identified b) the h)dro\)l band at 
2 87 n the brmd cellulose ring absorption band between 9 0 and 9 5 v 3,, d 1 c 
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absence of absorption bands at 5.7 and 6.0 n. Ethyl cellulose is characterized by 
absorption bands at 8.5 and at 10.4 fi (Fig. 41-13). 



Fig. 41-13. Ethyl Cellulose. 


IDENTIFICATION BY PYROLYSIS-GAS CHROMATOGRAPHY 7 8 


Scope .— The pyrolysis-gas chromatographic procedure given below is designed 
primarily for the characterization of acrylic and methacrylic acid ester polymers 
and copolymers. The procedure is, however, applicable for the characterization of 
most polymeric materials. 

When a polymer is heated above its ceiling temperature in an inert atmosphere, 
it will usually decompose to a specific number of components. Some polymers, 
such as polystyrene, the polyacrylates, and polymethacrylates, actually depolymerize, 
yielding large amounts of monomers. Others, such as polyvinyl chloride, polyvinyl 
acetate, and polyethylene, decompose, yielding a variety of low molecular weight 
products. The degradation products of copolymers are likely to be more complex 
than the products from the individual homopolymers or even blends of the liomo- 
polymers. Nevertheless, the depolymerization or decomposition products are char- 
acteristic of the individual plastic, provided all conditions are strictly controlled. 
Absolute identification of complex materials can be made by comparing the chro- 
matograms with those obtained from known plastics. Normally, however, suffi- 
cient information can be obtained if the chromatograms are examined for the 
main pyrolysis products of the various polymers. 

Apparatus. Pyrolysis Cell.— Equipped with a helium gas by-pass arrangement for 
attachment to the gas chromatograph (Fig. 41-14). 

Gas Chromatograph. 0 

Column.— An 8-ft. length of 14-in. stainless steel tubing, packed with 20% di-2- 
ethylhexyl sebacate on firebrick (42 to 60 mesh). 

Thermal Conductivity Cell.-Gow-Mac Model TE-II, or equivalent. 

Recorder, 0 to 5 mv. 

Operating Conditions — (a) Helium flow rate, 60 ml. per min.; (b) current, 200 
ma.; (c) column temperature, 69°C.; (d) chart speed, 24 in. per hr. 

Procedure .— Weigh 5 to 10 mg. of the purified sample into the micro porcelain 
boat, and insert the boat into the heating coils. Assemble the pyrolysis cell as 
shown in Fig. 41-14. Sweep the cell with helium until all of the air is removed. 


• Miller, D. L„ Samsel, E. P., and Cobler, J. G., paper presented at the Regional Meet- 
ing of tlie American Chemical Societ}-, Detroit, 1960. 
s Radell, R. S.. and Strutz, H. C„ Anal. Chem., 31, 1890, 1959. 

° Golke, R. S„ Anal. Chem., 29, 1723, 1957. 
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Fil 41 14 Decomposition Chamber for Pyrolysis Gas Chromatographic Analysis 



Fie 41 15 Gas Chromatogram of Pyrolysis Products of Acrylate and Methacrylate Pol) 
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Close the by-pass valves, shutting off the flow of helium through the cell. Pyrolyze 
the sample at 500°C. for 60 sec. Open the by-pass valves, and allow the stream of 
helium to sweep the pyrolysis products into the column. After 30 sec., close the 
valves and develop the chromatogram in the usual manner. Record the thermal 
conductivity of the helium effluent as a function of time. 

Calculations.— Compare the retention times of the various peaks with the reten- 
tion times of the peaks formed by the pyrolysis of known polymers under the same 
conditions. 

The retention times for the various methacrylic and acrylic acid esters from 
polymers pyrolyzed under the above conditions are shown in Fig. 41-15. 



PART 2 

GENERAL PROCEDURES 

PREPARATION OF SAMPLE 

Most of the procedures require a ground or otherwise finely subdivided sample 
Plastics may be reduced to the required size by comminution or by grinding in a 
mill such as a hammer mill Wiley mill, or Multi cut mill Excessive heating m 
the mill may result in the loss of volatile constituents and adherence of the softened 
plastic to the internal parts of the mill To prevent overheating cool the mill 
thoroughly by passing dry ice through it prior to adding the sample Mix 4 parts 
of crushed dry tee with 1 part of plastic When both the mill and plastic are 
thoroughly chilled grind the plastic to pass an 1STM No 35 (500 p) sieve 

DETERMINATION Or ADDITIVES AND PREPARATION OF 
ADDITIVE-FREE RESIN 

Scope — The following procedures are suitable for determining the additive con 
tent of plastics and for preparing an additive free or purified resin suitable for 
further characterization 

SURFACE ADDITIVES 

Surface additives are normally lubricants used to prevent the polymer from 
sticking to the mold, antistatic agents and/or antidusting agents The concentra 
tion of these agents may vary from 0 05% to about 1% Surface additives are 
usually incompatible with the polymer, thus preventing their absorption into the 
body of the polymer These agents may be mineral oil or waxes ester waxes, fatty 
acids or their derivatives, aliphatic amides, and polyethers Surface additives arc 
isolated by extraction procedures using a polymer nonsolvent 

Procedure —W ash 400 g of the unground plastic with three 500 ml portions ot 
a hot nonsolvent, such as methanol or ethanol Cool the combined extracts to 
room temperature Some surface additives have a low solubility in alcohol, and 
separate out on cooling Filter off any insoluble material, dry, and weigh Evapo- 
rate the filtrate to dryness on a steam bath Dry the beaker and contents to con 
stant weight at 70°C The nature of the isolated surface additives may be deter 
mined by infrared spectrometry 

Dry the extracted plastic in a vacuum oven at 70°C for 2 hr, or until all the 
solvent has been removed Retain the dried plastic for further characterization 

Calculations — 

ry, , . , , , , total weight of residues in grams , nfs 

total surface additives, per cent = : — 

sample weight in grams 
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INORGANIC ADDITIVES 

Procedure .— Weigh 4 g. of plastic reserved from the above procedure into a 
100-ml., tared, conical centrifuge tube. Add 80 ml. of a suitable solvent (see 
“Reagents,” below, p. 2046). Warm the tube and contents in a water bath, stirring 
occasionally until the plastic is in solution. Allow the solution to cool to room 
temperature. Centrifuge at 2600 r.p.m. for 30 min., or until the supernatant liquid 
is clear. Decant the solution into a 150-ml. beaker. Add 10 ml. of the solvent to 
the centrifuge tube, washing down the sides of the tube. Stir the residue with a 
stirring rod and repeat the centrifuging. Transfer the wash solution to the beaker. 
Repeat this washing with a second 10-ml. portion of the solvent. Dry the tube 
and contents on the water bath for 10 to 15 min. and dien for 1 hr. at 105°C. 
(If a high boiling solvent is used, it may be necessary to dry the residue in a 
\ acuum oven.) Cool the tube and contents in a desiccator, and reweigh. 

The nature of the inorganic additives may be determined by suitable techniques 
such as emission spectrography or X-ray diffraction analysis. 

Calculations.— 

weight of residue 

Inorganic fillers, per cent = — — r- X 100. 

weight of sample 

ORGANIC ADDITIVES 

Although the organic additive fraction will contain numerous products such 
as antioxidants, organic heat and light stabilizers, and low molecular weight poly- 
mers, the primary component will be the plasticizer. The plasticizer content of 
plastics may vary from 0.5% to several per cent. Plasticization is primarily a sol- 
tent action, the purpose being to aid in molding or compounding, or to otherwise 
modify the properties of the finished product. Plasticizers include such materials 
as esters, waxes, or low molecular weight polymers. Plasticization obtained by 
building the plasticizer into the polymer chain is termed internal plasticization. 
Internally plasticized polymers are actually copolymeric materials and, as such, 
will be treated under the appropriate sections. 

Procedure— Weigh 4 g. of the plastic, reserved from the second paragraph of the 
Procedure, above, into a 150-ml. beaker. Add 100 ml. of a suitable solvent. Warm 
the beaker and contents on a steam bath, and stir until dissolved. (If the inorganic 
additives were determined as directed above, the centrifugate may be used in place 
of preparing a separate solution.) Transfer the solution rapidly, while stirring, 
to an 800-ml. beaker containing 500 ml. of a polymer nonsolvent. (Suitable non- 
solvents are given under “Reagents,” below.) Rinse the 150-ml. beaker with 25 ml. 
of the nonsolvent, and transfer all of the contents to the 800-ml. beaker. Heat on 
the steam bath for 15 to 20 min., while stirring, until the precipitate is coagulated. 
Remove, and allow to cool to room temperature. Filter with suction through a 
weighed, medium-sintered glass crucible. Use two 50-ml. portions of the nonsolvent 
for transferring all the contents of the beaker to the crucible, and for washing the 
precipitate. Dry the crucible and contents to constant weight in a vacuum oven at 
70°C. Combine the filtrate and washings, and evaporate almost to dryness on the 
steam bath. Transfer the container and contents to a vacuum desiccator and dry 
to constant weight (16 to 24 hr.). 

If high boiling solvents were used, the drying may be performed in a vacuum 
oven at 70°C. Monomers and certain low molecular weight additives may be 
volatilized during this operation, however. 



2046 


PLASTICS 


The additives may be characterized by suitable analytical procedures, such as 
mlraied spectrometry and functional group analysis 
Calculations.— 


Organic additives, per cent = 


weight of organic additive fraction 
weight of the original sample 


X 100 


MOLECULAR WEIGHT DISTRIBUTION AND 
FRACTIONATION OF PLASTICS 


Scope —The following methods are suitable for determining the molecular weight 
distribution or the weight fraction distribution of plastics The molecular weights 
of the components of an mdi\idual plastic range from those of monomers and 
dimers to pioducts that are 5 to 10 times die average molecular weight thus, no 
one molecular weight \alue is fully satisfactory for the characterization of such a 
mixture 

The fractional precipitation procedure is also suitable for separating polymer 
blends and for characterizing block or graft polymers which normally base solu 
bilicy characteristics intermediate between the pure homopol>menc forms 
The pointers are separated on the basis of their solubility in sanous solients 
In general chemical and structural similarity between solvent and polymer favor 
solubility Sometimes, lionet er, mixed solvents exhibit greater solvent action than 
pure liquids When mixed polar groups are present each solvent may solvate one 
particular group In the solvation process, one polar group may be strongly at 
traded to the polar group of the solvent, the nonpolar or less polar group being 
directed outward The addition of a nonpolar solvent reduces the polarity of the 
medium nearer to that of the solvated molecule It must be remembered, hon 
ever, that solubility will also be affected by such things as branching cross-linking 
crystallinity and variations in copolymer content Normally, increasing the mole 
cular weight crystallinity, or melting point will decrease the solubility in a given 
solvent 

Principle — 1 he plastic is dissolved in a suitable solvent and fractionally precipi 
tated by the addition of a nonsolvent High molecular weight polymers are pre 
cipituted first The fractions obtained however, are never homogeneous with re 
speci to molecular weight The efficiency is greater the more dilute the solution 
and it is greater in the lower molecular weight ranges 
Reagents.— 


Plastic 


Salient 


NonsoUent 


polystyrene 

polyethylene (4000-40,000) 
polyvinyl chloride 
polyvinyl chloride-acetate 
polyacrvlomtrile 
styrene-acrylomtnle 
copolymer 

polymethyl methacrylate 


benzene or methyl ethyl 
ketone 

toluene at 80°C 
tetrahydrofuran 
hot o-dichlorobenzene 
N ,N -dimethylformamide 
methyl ethyl ketone 

acetone 


methanol 

n-propyl alcohol 
water 

warm ethanol 
1 * 1 heptane-ether 
methanol 

petroleum ether, b p 
40 to 60 °C 
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CUMULATIVE WEIGHT DISTRIBUTION 

Procedure .— Weigh 1 g. of plastic into each of ten 16-oz., wide-mouth, screw cap 
(foil lined) bottles. Add 100 ml. of solvent to each bottle, and stopper tightly. 
Shake tire bottles occasionally until the polymer is dissolved. 

Titrate the solutions with a nonsolvent, thereby precipitating the polymer, which 
is then isolated, dried, and weighed. Titrate the first sample, adding the titrant 
slowly with constant stirring, to the appearance of a turbidity. Titrate the re- 
maining samples empirically with increasing amounts of the nonsolvent. The 
usual increments are of 1 ml. The final titration should precipitate all the polymer. 

Increased homogeneity of precipitates may be obtained by warming the solutions 
to redissolve the precipitates, and then allowing the solutions to cool slowly. 
Stopper the bottles and allow them to stand 24 hr. to assure establishment of 
equilibrium between the 2 phases. Filter the solutions through tared, coarse poros- 
ity, fritted glass filters. Where the formation of a filterable precipitate does not 
occur, the supernatant phase may be removed by centrifuging and decanting. 
Allow the solvent to drain completely, and then wash the precipitates with ethanol. 
Dry under vacuum at 80°C. for 4 hr. and weigh. 

Calculations.— Prepare a weight distribution curve by plotting the weight fraction 
of polymer precipitated on the ordinate axis against the number of milliliters of 
precipitant on the abscissa. 

The molecular weight of the fractions may be determined and plotted similarly. 

A cumulative weight distribution curve, which gives the amount of material 
with a molecular weight less than M, can be prepared by plotting the calculated 
weights of material left in solution versus the molecular weights (M) of the pre- 
cipitated fractions. 


FRACTIONAL PRECIPITATION 

Procedure .— Dissolve 5 g. of polymer in 500 ml. of a suitable solvent. Titrate 
the entire solution with a nonsolvent to die appearance of a precipitate. Warm 
the solution to dissolve the precipitate, and then let it cool slowly to reprecipitate 
the polymer. Allow the solution to stand 24 hr. to attain equilibrium. Decant or 
filter the supernatant solution. Titrate the isolated solution and remove the pre- 
cipitate as described above. Continue this cycle until all of the polymer has been 
precipitated. Dry all residues under vacuum at 80°C. for 4 hr. 

Calculations.— Prepare a weight distribution curve as described under “Calcula- 
tions,” above. 


DEFINITIONS OF MOLECULAR WEIGHT 10 

Molecular weight measurements may be classified as two main types: equilibrium 
measurements, involving osmotic pressure and ultracentrifuge methods; and kinetic 
measurements, involving viscosity and light-scattering techniques. Since most polymers 
contain a rather wide distribution of molecular weights, the molecular weight value 
obtained on an unfractionated polymer will be an average molecular weight. Owing 
to the different properties measured, differen_t_types of averages are obtained. The most 
common averages are the number average (M n ), the weight average (M w ), the viscosity 
average (A/„), and the z-average (AT). 

Homogeneous polymers containing only one size molecule give M w and M n values 

10 Schmidt, A. X., and Marlies, C. A., Principles of High Polymer Theory and Practice, 
McGraw-Hill, New \ork, 1948. Reproduced with permission. 
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that are equal When a size distribution of molecules exists, AI U will be greater than 
\( n , and the difference will increase as the size disparities increase For example, equal 
parts by weight of molecules with molecular weights of 10,000 and 100,000 will give a 
\f„ of 18,200 and a M w of 55,000 Equal numbers of molecules with molecular weights 
of 10,000 and 100,000, however, will give a A/, of 55,000 and a Af v of 92,000. 

A i n is obtained by dynamic or equilibrium osmotic pressure measurements, where 
each molecule affects the measured propertv regardless of shape, size, or flexibility 
Thus, A I n is the average molecular weight in the classical sense 

— total mass 

" total number of moles 

M, is obtained bv viscosity measurements that are influenced not only by the number 
of molecules present, but also by their shape and size The accuracy of viscosity molecu 
lar weights is ±10% in the range 25,000 and higher The equations for calculating the 
molecular weights, however, contain empirical constants that must be obtained by 
measurements on polymers of known molecular weights determined by some other 
method 

Light scattering techniques may be used for making molecular weight measurements 
from 10,000 up, indeed, the precision of the measurement increases with increasing 
molecular weight In making measurements, a beam of monochromatic light of known 
intensitv is passed into a dilute polymer solution The molecular weight ( !/„) is cal- 
culated from the intensity of the light scattered at right angles and from the refractive 
indices of the solvent and of the solution The angular distribution (dissymmetry) be 
tween 30° and 150° of the intensity of the scattered light, furnishes information concern 
ing the size and shape of the molecule This information can be augmented by studying 
the depolarization of the scattered light 

A wide range of molecular weights can be determined in the ultracentnfuge bv 2 
sedimentation methods velocity and equilibrium Measurements by the velocity 
method require centrifugal forces of 10,000 to 1,000,000 times gravity, but may be com- 
pleted in several hours This procedure measures the rate of fall of the boundary sep- 
arating the solution from the pure solvent The equilibrium method requires less cm 
trifugal force (1,000 to 100,000 times gravity) but may take several days to complete 
One determines by this procedure the distribution of particles when the rate of diffu- 
sion (the tendency of a molecule to move from a region of high concentration to a region 
of low concentration) and the rate of sedimentation are equal Weight average molecu 
lar weights are generally obtained by the sedimentation velocity technique Molecular 
weights bv the sedimentation-equilibrium technique may be either weight average (A/®) 
or z-average (A/*) values If the concentration of the polymer is determined bv light 
absorption measurements, Af„ is obtained Af» is obtained by measuring the concentra- 
tion by refractive index techniques 

METALLIC IMPURITIES 

Scope — This method provides for the rapid quantitative determination of eleven 
or more metallic elements at the trace level 

Standards.— (a) Prepare a spectroscopic buffer solution by dissolving 20 g o 
Mallinckrodt A R. Grade NaN0 3 , and 7 5 ml of distilled HNO a in water. Ad 

n Bartel, J F, The Dow Chemical Co, unpublished manuscript 
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1.6 ml. of 0.01% Mo, and 0.8 ml. of 1.0% Bi, and dilute to 100 ml. with water. 
The Mo and Bi are added to provide internal reference lines, (b) Prepare a 
0.01% impurity solution containing Al, Ca, Cu, Fe, Mg, Mn, Ni, Pb, Sn, Sr, and 
Zn. Each element must be present at a concentration of 0.1 mg. per milliliter. 
Dilute 2.5 ml. of this solution to 25 ml., to give a 0.001% impurity solution (0.01 
mg. per milliliter), (c) Prepare the following set of standards by pipetting the 
specified amount of impurity solution into a test tube, adding a few drops of 
H 2 S0 4 , to convert to the sulfate, and evaporating to dryness. Add 1 ml. of HN0 3 
to the test tube, and evaporate to dryness. 

Blank 

0.00005% — 0.25 ml. of the 0.001% impurity solution 
0.0001% — 0.5 ml. of the 0.001% impurity solution 
0.0005%— 2.5 ml. of the 0.001% impurity solution 
0.001% — 0.5 ml. of the 0.01% impurity solution 
0.0025%- — 1.25 ml. of the 0.01% impurity solution 
0.005% — 2.5 ml. of the 0.01% impurity solution 
0.01% — 5.0 ml. of the 0.01% impurity solution 

(d) To the residue in the test tubes, add 5.0 ml. of the buffer solution, and warm 
until dissolved. The impurity solutions can be varied to provide different sets of 
standards until all desired elements are covered. 

Loading .— Polish the ends of 14-in. diameter and %-in. length graphite electrodes 
on filter paper, and place in every other row in a stainless steel tray. Samples are 
run in duplicate thus requiring 4 electrodes. Add a drop of kerosene to the tops 
of the electrodes to seal the porosity, and allow to dry. Pipet 0.03 ml. of the stand- 
ard solution onto the ends of the electrodes, and dry over micro burners in a gas 
drying oven, leaving a salt cap deposit. Store the electrodes in a desiccator until 
run. 

Operating Conditions.— (a) Baird 3-meter grating spectrograph; (b) 2150 A— 
3550 A region; (c) SA No. 2 plate; (d) bO-n slit; (e) 32-cm. lens; (f) 4.8-amp., a.c. arc 
source; (g) 10-sec. pre-exposure; (h) 90-sec. exposure; and (i) 2-mm. gap. 

Plate Calibration— Photograph a d.c. arc spectrum of an iron bead through a 
3-step filter of 15, 50, and 85% transmission. Determine the densities of several 
lines at the 50 and 85% levels by means of a nonrecording densitometer. Plot 
these values on linear graph paper to provide a preliminary response curve. Points 
from this curve are plotted for the final response curve, using the log ratio for the 
wavelength being used. 

Photographic Plate Processing .— Develop the plate at 20.5°C. for Sffj min., with 
continuous agitation, in a Kodak D-19 developer. Insert the plate into a chrome 
alum hardener for 1 min., and fix in X-ray fixer for 2 min. After washing in run- 
ning water for 3 min., sponge the plate to remove excess water, and dry over an 
air-blown heater. 

Analytical Curves .— Obtain the densities of selected lines of the impurity ele- 
ments and the internal reference elements Mo and Bi, by the use of the densitom- 
eter. Calculate the log density ratios from the plate response curve. Plot these 
values against concentration on logarithmic graph paper. The following list shows 
the line pairs used and the useful percentage range. 
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Element 

Line 

Rtftrence Line 

Percentage Range 

A1 

3092 71 

3132 59 Mo 

0 00005-0 001 

A1 

3082 16 

3132 59 Mo 

0 00005-0001 

A1 

2660 39 

3132 59 Mo 

0 001-0 01 

Ca 

3179 33 

2897 98 Bi 

0 0005-0 01 

Cu 

3273 96 

3132 59 Mo 

0 0001-0 0025 

Cu 

324^54 

3132 59 Mo 

0 00005-0 001 

Fe 

3021 07 

3132 59 Mo 

0 0001-0 01 

Fe 

3020 64 

3132 59 Mo 

0 00005 0 005 

Fe 

2483 27 

3132 59 Mo 

0 0005-0 01 

Mg 

2802 69 

3132 59 Mo 

0 00005-0 0005 

Mg 

2795 53 

3132 59 Mo 

0 00005-0 0005 

Mg 

2779 83 

3132 59 Mo 

0 0005-0 01 

Mn 

2933 06 

3132 59 Mo 

0 0005 0 01 

Mn 

2801 06 

3132 59 Mo 

0 00005-0 001 

Ni 

3414 77 

3132 59 Mo 

0 00005-0 001 

Ni 

313411 

3132 59 Mo 

0 0005 0 01 

Pb 

2873 32 

2897 98 Bi 

0 0005-0 01 

Pb 

2833 07 

2897 98 Bi 

0 00005-0 005 

Sn 

3175 02 

3132 59 Mo 

0 00005 0 005 

Sn 

3034 12 

3132 59 Mo 

0 0001-0 01 

Sr 

4077 71 

3902 96 Mo 

0 00005-0 0005 

Sr 

3464 57 

3132 59 Mo 

0 0005-0 01 

Zn 

3345 02 

2897 98 Bi 

0 001-001 

Zn 

3345 02 

Background 

0 0001 0 01 


Procedure —Weigh 0 4 g of sample directly into a 10 ml kjeldahl flask Chat 
the sample to dryness m the presence of H 2 S0 4 Add 1 ml of H»S0 4 Add 
HNO, dropuise to the solution and continue heating until the oxidation is nearlv 
completed Add a few drops of HC10 4 to finish the process Evaporate the solu 
non to drjntss over a Meher burner and allow the flask to cool Add a small 
amount of HIsOj and again evaporate to dryness Carry a blank of the <1 stilled 
acids through the same procedure as a control Take the sample up in 0 4 ml of 
the spectroscopic buffer solution and load as directed under Loading aboie 
The percentage range of the analytical curves can be extended by concentration of 
uWcrfruri of etie sa nrpi'e sufufion 

Calculations —Obtain the densities of selected lines of the impurity elements and 
the internal reference elements Mo and Bi Calculate the log density ratios from 
the plate response curve Read from the analytical curve the percentage of 
metallic impurity corresponding to the log density ratio 


SULFATED OR SULFONATED EMULSIFIERS IN 
EMULSION POLYMERIZED RESINS 12 

Apparatus Spectrophotometer —Suitable for measurements at 650 mp 
Reagents —Dissolve 250 rag of methvlene blue U S P grade m 1 liter of i* 
tilled water 

Jones J H Jr J Assoc OfEc Agr Chemists 28, 398 1945 
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Calibration Curve.— Prepare a standard solution containing 1.0 mg. of the de- 
sired emulsifier per 100 ml. Transfer from 1 to 5 ml. of the standard solution to 
250-ml. separatory funnels. 

Dilute to 100 ml. with water made just acid with dilute HC1. Add 1 ml. of the 
methylene blue solution to each funnel. Mix the contents, and add 20 ml. of 
CHC1 3 . Shake vigorously for 1 min. Transfer the CHC1 3 to a 125-ml. separatory 
funnel. Repeat the extraction with a second 20-ml. portion of CHC1 3 . The re- 
maining aqueous layer should contain excess methylene blue. Extract the com- 
bined CHC1 3 extracts with 50 ml. of HoO containing 3 drops of H 2 S0 4 . Filter 
the CHC1 3 layer through a small plug of cotton into a 50-ml. volumetric llask. 
Wash the cotton plug with CHC1 3 , catching the washings in the volumetric flask. 
Dilute to volume with CHC1 3 . Transfer a portion of the solution to a 1-cm. ab- 
sorption cell. Measure the absorbance of the solution at 650 m fi, using distilled 
water as the reference solution. Subtract the absorbance of a reagent blank from 
that of the samples. 

Plot the number of milligrams of emulsifier against the absorbance readings. 

Procedure— Weigh approximately 2 g. of the finely subdivided plastic accurately 
into a small Soxhlet extraction thimble. Extract in a Soxhlet extractor with 
Formula 30 ethanol for 8 hr. Transfer the extract to a beaker, and evaporate to 
dryness on a steam bath. Dissolve the residue in water, warming if necessary, and 
transfer to a 100-ml. volumetric flask. Dilute to volume with water. Transfer a 
5-ml. aliquot of the solution to a 250-ml. separatory funnel, and proceed as directed 
in the second paragraph of “Calibration Curve,” immediately above. 

Calculations.— Read from the calibration curve, the number of milligrams of 
emulsifier corresponding to the absorbance of die solution. 

_ , milligrams of emulsifier X 100 

Emulsifier, per cent = — — ^ ; 

milligrams of sample in aliquot 

POLYETHER-TYPE EMULSIFIERS IN EMULSION 
POLYMERIZED RESINS 13 

Apparatus.— Spectrophotometer suitable for measurements at 430 m^. 

Solvent Mixture.— Mix 1 volume of ethylene glycol monomethyl edier with 1 
volume of 2 N HC1. 

Calibration.— Prepare a standard solution containing 0.5 mg. of the desired 
emulsifier per milliliter. Transfer 1- to 5-ml. aliquots of die solution to 50-ml. 
conical centrifuge tubes. Dilute to a total volume of 10 ml. with H..O. 

Add 1 ml. of 2 A r HC1, followed by 2 ml. of 10% BaCL solution and 2 ml. of 
10% phosphomolybdic acid solution. Mix the solutions and allow to stand for 1 hr. 
Ccntiifuge at 2500 r.p.m. for 10 min. Decant and discard die supernatant solution, 
taking care not to disturb the precipitate. Wash the precipitate with 3 ml. of 
0.1 A' HC1. Centrifuge as before, and decant, discarding the supernatant solution. 
Wash the sides of die centrifuge tube with a cotton swab wetted with water. Pipet 
exactly 25 ml. of the glycol-HCl solution into each tube. Warm the tube slightly 
on a steam bath to dissolve the precipitate. Cool to room temperature. Filter 
the solution through Whatman No. 42 filter paper, and transfer a portion of the 
filtrate to a 1-cm. absorption cell. Measure the absorbance of each solution at 

i= Shaffer, C. B., and Critchfield, F. H., Anal. Chem., 19, 32, 1947. 
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430 m/t using distilled water as a reference solution Measure the absorbance ol 
a reagent blank under the same conditions and subtract the absorbance from that 
of the samples 

Plot the number of milligrams of emulsifier versus the corresponding absorbanct 
readings 

Procedure —Extract 2 g of sample as directed under Procedure of the pieced 
mg method Transfer the ethanol extract to a beaker and evaporate to dryness 
on a steam bath Dissolve the residue in 2 to 3 ml of water and transfer to a 50 ml 
centrifuge tube Rinse the beaker with water and transfer to the tube Use su! 
ficient water to make a total volume of 10 ml Proceed as directed in the second 
paragraph of Calibration above 

Calculation —Read from the calibration curve the number of milligrams of 
emulsifier corresponding to the absorbance reading 

_ milligrams of emulsifier X 1 00 

Emulsifier per cent = — - ; ; 

milligrams of sample 


INDEX OE REFRACTION OF TRANSPARENT PLASTICS » 

Scope —The following methods are intended for the measurement of the index 
of refraction of transparent plastics Two procedures refractometric and micro 
scopic are covered The relractometric method is more accurate and is to be pre 
lerred wherever it is applicable 


REFRACTOMETRIC METHOD 
Apparatus Refractometer — Abbe refractometer or equivalent 
Constant Temperature Bath —Adjusted to 23" ± 1 1"C 
Contacting Liquids 


Plastic 

cellulose acetate 
acrylic resins 

vinyl resms 
styrene resins 


Contacting Liquid 
alpha bromonaphthalene 
saturated aqueous solution of zinc chloride 
made slightly acid 
alpha bromonaphthalene 
saturated aqueous solution of potassium 
mercuric iodide 


Test Specimen —Prepare a test specimen measuring about 0 25 m by 0 5 in on 
one face and having 1 end perpendicular to the face Polish the face and end of 
the specimen on fine emery paper backed by a piece of plate glass followed by s 
polishing rouge suspended in water on a piece of parchment The face of the 
specimen must be flat to provide good contact of the specimen and prism surfaces 
and must intersect the end without a beveled or rounded edge 
Procedure —Adjust the constant temperature bath to 23" ± 1 1°C and allow tie 
refractometer to reach equilibrium Clean the refracting prism surface with alcohol 
ipplied with lens paper The hinged illuminating prism is not used and can be 
rotated away from the refracting prism Place a source of diffuse white light so 
that good illumination is obtained along the plane of the surface of contact between 
the specimen and the refracting prism 
«ASTM Standards Pt 9 D542 50 ASTM Philadelphia 4S5 1956 
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Place a drop of a suitable contacting liquid on the polished face of the specimen, 
and then place the specimen in firm contact with the surface of the refracting 
prism, with the polished end of the specimen toward the source of light. 

Move the index arm of the refractometer until the field seen through the eye- 
piece is one-half dark. Rotate the compensator dial to remove all color from the 
field. Adjust the index arm by means of the vernier until the dividing line 
between the light and dark portions of the field exactly coincides with the inter- 
section of the cross hairs. The manipulations should be performed rapidly to 
avoid changes in the refractive index of the plastic due to absorption of the con- 
tacting liquid. 

Calculations.— Read the value of the index of refraction for the sodium D line 
directly from the instrument. 

Determine the dispersion by reading the compensator dial and applying this 
figure, along with the index of refraction, to a chart or table supplied with the 
instrument. 

Note.— In the case of nonisotropic materials, such as injection and compiession molded 
materials, the index of tefraction will be the average value for a thin layer of small aiea 
at a point of contact near the center of the refractometer pi ism. For a complete and 
accmate determination of the variation of the index through the test specimen, it is 
necessary to make the measurements at more than one point on the surface, and within 
the bod) of the material. This can be done by preparing a contacting surface both per- 
pendicular and parallel to the molding presstne or How. After the specimen is contacted 
to the prism it may be moved carefully along the prism surface in the direction of the 
light source while the variation of index is being followed. 

MICROSCOPIC METHOD 

Apparatus.— Microscope, having a magnifying power of at least 200 diameters, 
and equipped with a means of measuring the longitudinal travel of the lens tube 
to within 0.001 in. 

Procedure .— Prepare a specimen about 0.25 in. in thickness with 2 parallel sur- 
faces. Place the specimen on the measuring microscope platform with the surface 
hating the best polish nearest the objective. Focus the microscope through the 
specimen and on the bottom surface. Record the reading of the longitudinal dis- 
placement of the lens tube to the nearest 0.001 in. Without moving the specimen, 
locus the microscope on the top surface of the specimen, and again record the 
reading of the displacement. 

Calculation.— The distance between the bottom and the top surfaces of the speci- 
men is the apparent thickness. The index of refraction is found by dividing the 
actual thickness of the specimen by the apparent thickness. 

SPECIFIC GRAVITY OF PLASTICS 15 

•Scope.— The following methods are intended for the determination of the specific 
gravity of plastics. The first method is suitable for use where the plastic is in a 
finished condition, such as sheets, rods, and molded articles. The second method 
is suitable for use with unfabricated plastics such as powder, pellets, and flake. 

SPECIFIC GRAVITY OF PLASTICS IN FINISHED CONDITION 

Apparatus. Analytical Balance.— The balance is equipped with a pan straddle 
or other stationary support. 

is ASTM Standards, Pt. 9, D792-50, ASTM, Philadelphia, 526, 1958. 
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Test Specimen —Prepare a specimen weighing from l to 5 g Smooth or trim 
the sides to free them from surface roughness that might entangle air bubbles nhen 
immersed in liquid 

Test specimens whose change in specific gravity on conditioning may be greater 
than the accuracy of the specific gravity method should he conditioned before 
testing 16 

Procedure —Tare the balance with a piece of wire sufficiently long to reach from 
the hook on the pan support almost to the pan straddle Attach the specimen to 
the wire so as to be suspended about 1 in above the pan straddle and uei"h 
Record the weight as A Place a beaker containing freshly boiled distilled water 
at a temperature of 25° ± 2°C on the pan straddle Completely immerse the 
specimen m the water Neither the plastic nor the supporting wire should touch 
any part of the beaker Remo\e any adhering air bubbles with a fine wire Weigh 
the suspended specimen and record the weight as B Remove the specimen and 
replace the wire in the water to the same depth it was previously Record the 
loss in weight of the wire on immersion as C C may be neglected if A \V gage 
No 36 or finer wire is used 
Calculation — 

Sp gr , 23/23°C = 

SPECIFIC GRAVITY OF UNFABRICATED PLASTICS 
Apparatus Analytical Balance 
Pycnometer with Thermometer 
Vacuum Desiccator —With suitable shield 

Oil Vacuum Pump Designed to give a vacuum of 3 mm or less 
Constant Temperature Bath —Adjust bath to 23° ± 0 1 °C 

Procedure ~ Fill the pvcnometer with freshly boiled distilled water and bring 
to a temperature of 23° ±01°C Remove any air bubbles by placing it in s 
vacuum desiccator and applying vacuum Bring the system to equilibrium in the 
bath at 23° ±01 C then remov e the pycnometer from the bath and fill it exactly 
to the tip Dry the outside of the pycnometer and weigh it to the nearest 0 I mg 
Remove the water from the pycnometer clean dry and reweigh Add approxi 
mately 1 to 6 g of the specimen to the pycnometer and reweigh Add sufficient 
boiled distilled water to cover the specimen and repeat the above treatment 
Calculations — 

Sp gr 23/23-C 

where A — weight in grams of specimen in pycnometer, 

B = weight in grams of pycnometer filled with water, and 
C = weight in grams of pycnometer containing the specimen and filled with 
water 

Note —Kerosene or other suitable liquid may be used for a plastic that is soluble n 
or otherwise affected by water Methanol may be used if the plastic has a specific giautv 
below 10 When nonaqueous liquids are used as the immersing fluid the specific grau ' 
of the liquid at 23“C must be determined The calculations given previously are co 
rected in this case by multiplying by the specific gravity of the liquid at 23/23°C 

le p re testing conditioning should be done in accordance with directions given in 
aid Methods of Conditioning Plastics and Electrical Insulating Materials ASTM Standar 
Pi 9 DG18 58 ASTM Philadelphia 591 I9a8 



PART 3 

PROCEDURES FOR THE ANALYSIS 
OF VARIOUS TYPES OF PLASTICS 


STYRENE PLASTICS 

Styrene plastics are based on resins made by the polymerization of styrene or 
the copolymerization of styrene with other unsaturated compounds. The more 
common styrene copolymers are those containing acrylonitrile or methyl meth- 
acrylate. 

POLYSTYRENE 

Monomer: styrene, CoH 5 CH=CH 2 
Polymer structure: — f CH — CH 2 

I 

.C 6 Hs 

METHANOL-SOLUBLE MATERIAL 17 

Sample Preparation .— Grind the sample to pass an ASTM No. 12 (1680-/i) sieve. 

Apparatus. Drying Oven.— The oven should be adjustable from 65° to 70°C. 

Fine Porosity Sintered Glass Crucibles. 

Solvents. Methanol, CP.— Redistilled. 

Dioxane.— Store over NaOH, and redistill prior to use. 

Note.— B ecause of space limitations, common laboratory equipment, chemicals, and 
standard solutions arc not included in the lists of apparatus and reagents. 

Procedure .— Wash all glassware with toluene, follow with an acetone rinse, and 
dry thoroughly. Dry the crucibles for 1 hr. at 65°C., and store in the desiccator. 
Weigh about 0.3 g. of the ground sample into a tared 50-ml. beaker (or weighing 
bottle), weighing to the nearest 0.0001 g. Add 15 ml. of dioxane, cover the vessel 
with a watch glass, and let stand until the sample is dissolved. After solution is 
complete, stir thoroughly, and transfer rapidly while stirring, to a 400-ml. beaker 
containing 200 to 250 ml. of redistilled methanol. Rinse the 50-ml. beaker with 
25 to 50 ml. of methanol from a wash bottle, using a policeman if necessary to dis- 
lodge any solid particles. The transfer shall be quantitative. 

Heat to G5°C. on the water bath or steam plate, while stirring, until the precipi- 
tate is fairly well coagulated, then remove and allow to settle for a few minutes. 
Filter with suction through a weighed, sintered glass crucible, first decanting as 

i" Standards on Plastics, ASTM, Philadelphia, 17, 1955. 
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much liquid as possible and then transferring the solids with the aid of a police 
man and methanol from a wash bottle 

Note— T he strictest qiiantintne technique shall be observed in handling the simple 
and the crucible 

Use about 12a ml of methanol for transferring and washing the precipitate 
Continue suction until dry Clean the outside of the crucible with a damp doth 
or chamois Dr) to constant weight it 6o° to 70 C Cool in a desiccator and neigh 
Calculation — 

Methanol soluble content per cent = — ^ X 100 

where A ■= weight of sample in grams and 
B — weight of precipitate m grams 

l OLATILE MATERIAL 18 

Apparatus Weighing Dishes —Disposable aluminum dishes approximate!) 2 in 
in diameter and 0 5 in deep 

Aacuum Chen Abderlialden t)pe employing 1 2 4 tri chlorobenzene as the heat 
transfer liquid See Fig 41 16 
Tra) Able to hold 4 weighing dishes See fig 41 17 

Procedure — W cigh exactly 1 g of plastic presiously ground to pass a 
screen (U S No 12) into a dr) tared weighing dish Spread the sample e'en] 
o\er the bottom of the dish Place the dish in the tra) Four samples must k 
run at a time If sufficient simples are not as ulable the remaining spaces should 
be filled with dishes containing approximately l g of polystsrene Place die trai 
in the heated men Close the o\en door and esacuate to a to 1 mm Hg pressure 
After exactly 2a mm svithdrasv the weighing dishes and place in a desiccator 
When the samples are cool (20 min or more) weigh the dish and sample 
Calculations — 

, , . loss in weight 

Volatile material per cent = — — X 100 

sample weight 

STYRE\E \lO\OWER ULTRAl IOLET SPECTROPHOTOMETRIC 
PROCEDURE 

Scope — This procedure is suitable for the determination of styrene monomer in 
polystyrenes that form clear solutions and do not contain dyes or other additnes 
tint absorb strongly in the ultras lolet region 

Apparatus Ultras lolet Spectrophotometer —Beckman DU or equisalent 
Standardization —Styrene monomer exhibits an absorption maximum and a mini 
mum in the ultras lolet region at approximately 292 5 m/i and at 2895 nv te 
sptem ely The waselengths must be determined for each spectrophotometer 
Prepare n styrene standard solution containing 10 mg of styrene monomer per 
100 ml of chloroform Transfer 3 portion of this solution to a I cm absorption 
cell Measure the absorbance of the solution at 0 5 mu intersals from 29a idm 10 
28a mu using chloroform as the reference solution 

is Haynes W S The Dow Chemical Co unpublished data 

is 1 trry II L Anal Cheni 23, 1337 UW Losestrom E I Warren J S and town 
J G The Dow Chemical Co unpublished manuscript 
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Determine the wavelengths of maximum and of minimum absorbance Record 
the wavelength of maximum absorbance as Xj and the wavelength of minimum 
absorbance as X 2 Calculate a third wavelength X 3 which is exactly the same 
interval m millimicrons above the maximum (longer wavelength) as the minimum 
is below it [X 3 = Xj + (Xj — X2)] Measure and record the absorbance readings at 
the 3 wavelengths 

Di — absorbance at wavelength Xi, 

D 2 = absorbance at wavelength X2, and 
Di = absorbance at wavelength X3 

Calculate the absorbance factor, K 

K 2D\ - {P 2 + Dj) 

grams styrene monomer per 100 ml 

Procedure —Weigh 1 to 2 g of polystyrene accurately into a 100 ml flask and 
dissolve in chloroform Dilute to volume Transfer a portion of the solution to 
a 1 cm absorption cell Measure the absorbance of the solution at the 3 wave 
lengths determined above Record the absorbance readings as SX t SX 2 and S\ 3 

Calculations — 

„ , iS-Xi - (S\ 2 + SXs) 

Grams styrene monomer per 100 ml = — 

c grams stvrene monomer w 

Styrene monomer per cent X 100 

grams polystyrene 

STYRERE MONOMER GAS CHROMATOGRAPHIC PROCEDURE 
(ALTER\ATE PROCEDURE) *0 

Scope — The gas chromatographic procedure is applicable for the determination 
of styrene monomer in most types of styrene plastics 

Apparatus Gas Chromatograph —(See p 2041 ) The chromatograph column is 
a 4 ft length of J i in ID stainless steel tubing packed with 20% Carbowax 20 M 
alkaline on firebrick (80 to 100 mesh) The packing is a product of Wilkens 
Instrument and Research Inc. Walnut Creek Calif Catalog No 0033 The unit 
is operated at 100°C with helium at 81b pressure (41 ml per mm) 

Micro-syrmge 0 00 to 0 05 ml Capacity 

Standardization —Inject 0 Oo ml of a solution containing 25 mg of styrene mon 
omer in a mixture of 10 ml of methylene chloride and 5 ml of methanol into the 
gas chromatograph Note the time required for the emergence of the monomer 
peak Measure the area of the peak 

Procedure —Weigh 1 5 g of polystyrene into a 1 oz bottle and add several glass 
beads Pipet 10 0 ml of methylene chloride into the bottle Cap the bottle and 
place in a mechanical shaker until the plastic is dissolved Precipitate most o 
the plastic by slowly adding 5 0 ml of methanol to the solution Recap the bottle 
and shake vigorously on the mechanical shaker for 15 min Centrifuge lor 5 mm 
Inject 0 05 ml of the supernatant liquor into the gas chromatograph Measure 
the area of the resulting styrene monomer peak 
20 Samsel E P The Dow Chemical Co unpublished data 
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Calculations.— 

milligrams monomer in standard X peak area sample 

Styrene monomer, milligrams = — : j — j 

' peak area standard 

milligrams stvrene monomer 

Styrene monomer, per cent = — : X 1 00. 

' milligrams sample 

Mott.— I f a gas chromatograph with a more sensitive detector, such as a flame ionization 
gauge, is available, the sample may be dissolved in 25 ml. of methylene chloride and a 
0.002-ml. aliquot injected directly into the column at a temperature of 130°C. 

POLYETHERS AS SURFACE ADDITIVES™ 

Procedure .— Wash 20.0 g. of the plastic with three 50-ml. portions of boiling 
ethanol. Combine the extracts in a 250-ml. beaker, and evaporate to dryness on 
a steam bath. Dissolve the residue in 2 to 3 ml. of water, and transfer to a 50-ml. 
conical centrifuge tube. Rinse the beaker with water, and transfer to the tube. 
Use sufficient water to make a total volume of 10 ml. Proceed as directed in the 
second paragraph of "Calibration,” p. 2051. 

Calculations.— Read the milligrams of polyether from a previously prepared stand- 
ard curve. 


Polyethers, per cent = 


milligrams of polvether 
weight of sample in milligrams 


X 100. 


MINERAL OIL AS SURFACE ADDITIVE 
Procedure .— Extract 200 g. of plastic with three 500-ml. portions of 30° to 60° 
petroleum ether. Evaporate the extracts on a steam bath to a volume of about 
10 ml. Transfer the solution to a 6-in. Babcock milk test bottle. Immerse the 
bottle in a boiling water bath, and evaporate the solution to dryness. A stream 
of nitrogen directed into the bottle by means of a 4-in., No. 20 syringe needle will 
facilitate the evaporation. After all the solvent is removed, place the bottle in an 
ice bath. Add slowly, with constant swirling, 30 ml. of a 1:1 mixture of concen- 
trated H 2 S0 4 and 30% fuming H«S0 4 . After the acid has been added, place the 
bottle in a water bath at G0°C. for 10 min. Cool the solution to room temperature 
and add concentrated H 2 S0 4 until the liquid level rises about half-way up the 
graduated portion of the bottle. Centrifuge the bottle for 6 min. at about 
1500 r.p.m. 

Calculations.— Determine the volume of the unreacted oil: 


Mineral oil, per cent = 


milliliters of undissolved laver X 0.78 X 100 
sample weight 


ESTER PLASTICIZERS, INFRARED SPECTROMETRIC PROCEDURE 21 

Apparatus. Infrared Spectrometer.— Perkin-Elmer Model 12, with NaCl prism 
or equivalent. 

Preparation of Standard Curve .— Weigh 0- to 175-mg. portions of the ester into 
separate 2-oz., narrow mouth bottles. To each bottle add sufficient reprecipitated 
polystyrene so that the total weight is 2500 mg. Pipet 50 ml. of carbon te'trachlo- 

- 1 Riley, L. R., Anal. Chem., 29, 1895, 1957. 
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ride into each bottle. Cap the bottles and place them on a mechanical shaker until | 
dissolved Obtain the infrared spectrum of each solution from about 5 p to 65^ 
Draw a base line from 5 6 to 5 8 p Measure the absorbance of the ester peak 
which occurs at approximately 5 75 m Plot the analytical curve of absorbance 
versus percentage 

Procedure.— Weigh exactly 25 g of plastic into a 2 oz bottle, and dissolve it in 
50 ml of carbon tetrachloride Obtain the infrared spectrum and measure the 
absorbance of the ester peak as described above 

Calculations —Calculate the percentage of ester from the analytical curve 


FATTY AMIDE SURFACE ADDITIVES « 

Procedure.— Weigh 25 0 g of plastic into flask R (Fig 41 18) Add 50 ml of 
anhydrous methanol to the flask Connect the filter tube and flask A to the sample 
flask Place the flask on the steam bath and heat until the sample boils gently 
for 2 min Immediately reverse the position of the assembly and with the aid 
of air pressure, filter the methanol into the bottom flask Remove the top flask 
and filter tube, and place a 0 to 100’C thermometer into the flask Allow the 
methanol solution to cool slowly Record the temperature when a distinct increase 
of turbidity is observed 

Calculations —Read the concentration of aliphatic amide (milligrams per 50 ml) 
from a standard curve previously prepared from data obtained by treating 0 to 20 
mg of the amide and 25 0 g of amide free polvstyrene in the same way 


Fatty amide, per cent 


milligrams of fatty amide 
grams of sample X 10 


VISCOSITY or 10% SOLUTION 23 24 
Apparatus Viscosimeter.— Modified Ostwald viscosimeter having a capillary di 
ameter of 1 4 to 1 5 mm (Capillary A, Fig 41 19) Calibrate at 25°C against 
National Bureau of Standards standard viscosity oils 
Mechanical Shaker 
Electric Timer. Reading to 0 I sec 

Constant Temperature Bath —Regulate the bath to 25° ± 0 01°C 
Reagents Toluene —Redistilled 

Procedure —Grind the sample to pass an ASTM No 12 (1680 /*) screen Weigh 
0 9593 g of the sample into a 2 oz wide mouthed bottle, and add 10 ml of toluene 
to make a 10% solution of plastic Place a piece of aluminum foil over the open 
mg of the bottle and screw the cap on tightly Place the bottle on the shaking 
machine and agitate until the sample is completely dissolved 

Affix a small piece of cotton to the tip of a 5 ml pipet with a paper clip or wire 
Draw sufficient solution through the cotton as a filter and pipet 5 ml into the 
viscosimeter Place the viscosimeter m the constant temperature bath at 25° ± 
OOl'C When the solution attains the temperature of the bath, use a rubber bulb 
to force the liquid 5 to 8 mm above the upper calibration mark Release the 
pressure Using the electric timer measure the time required for the liquid level 
to pass between the 2 calibration marks Make triplicate flow time measurements 
which should check to 0 I sec 


22 Kramer, W R , and Stenger, V A , The Dow Chemical Co , unpublished data 

23 Streeter, D J The Dow Chemical Co , unpublished manuscript 

2* ASTM Standards, Pt 7, D445 53T, ASTM, Philadelphia, 201, 1958 
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Tig. 41-18. Settling Apparatus foi Dctennining Fatty Amides. 


Calculations.- 


. , , . . .. Ti X Di. X n 

Absolute viscosity', c.p.s. = — — — — — r 

V 2 X Do 

where Ti = time of flow of unknown solution, 

To = time of flow of standard viscosity oil, 

D\ = density of unknown solution, 

Do = density of standard viscosity' oil. and 
n = viscosity' of standard viscosity' oil in c.p.s. 

The density of a 10% solution of polystyrene in toluene at 25°C. is 0.8810. 

STYRENE-ACRYLONITRILE COPOLYMERS 

Monomers: styrene C 6 H 5 CH=CH 2 

acrylonitrile CHo=CHC=N 
Copolymer structure : 

— f CH— CH 2 — CH 2 — CH 1— 


C 6 H 5 


C^N 
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Apparatus Ultraviolet Recording Spectrophotometer —Cary Model 11 or equiv 
alenL 

Reagents Redistilled Tetrahydrofuran 

Procedure Weigh 100 mg of the additive free plastic into a 100ml volumetric 
flask Dissolve the material in tetrahydrofuran and dilute to volume with t t 
same solvent Transfer a portion of the solution to a 10 cm absorption ce 
Record the absorption curve from 300 m/i to 240 mu using the pure solvent as 
the reference solution Draw a base line across the absorption minima located a 

25 Meehan E J J Polymer Sci 1, 175 1946 Crummett W B Simek J and Starem 
C J The Dow Chemical Co unpublished data 
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250 m/i and at 267 m/n Measure the net absorbance of the maximum at 259 m/u. 

Calculations.— Calculate the number of milligrams of combined styrene per 100 
ml. from an analytical curve prepared by treating purified polystyrene in the 
manner described above. 

milligrams of combined styrene 

Combined stvrene. per cent = — ; : X 100. 

milligrams of sample 

TOTAL ACRYLONITRILE 2G 

Scope .— This method is suitable for determining total nitrogen in nitrogen-con- 
taining resins. The method is not applicable for use on materials containing 
nitro-groups. 

Apparatus. Kjeldahl Flasks, 800-ml. 

Kjeldahl Digestion and Distillation Equipment. 

Reagents. Sodium Sulfide Solution.— Dissolve 40 g. of Na 2 S in distilled water, 
and dilute to 1 liter. 

Sodium Hydroxide Solution.— Dissolve 1000 g. of technical grade NaOH in 1 
liter of distilled water. 

Procedure .— Transfer approximately 1 g. of the sample, weighed to the nearest 
1 mg., to a Kjeldahl flask. Add 0.5 g. of mercuric oxide, 10 g. of K 2 S0 4 , and 25 ml. 
of concentrated H 2 S0 4 , washing down any particles of sample adhering to the neck 
of the flask. Mix the contents of the flask and place it on the digestion rack. Heat 
gently at first and then gradually bring the temperature up to boiling. Turn the 
flask occasionally to aid in bringing the acid into contact with any undigested 
material. Continue the digestion for 2 hr. after the solution becomes colorless or 
nearly so. 

Pipet 50 ml. of 0.2 N HC1 into a 500-ml. Erlenmeyer flask, and place it so that 
the tip of the delivery tube of the condenser dips just below the surface of the 
solution. 

Allow the Kjeldahl flask to cool and add about 500 ml. of water. Mix the solu- 
tions thoroughly and cool again. Add 1 to 2 g. of mossy zinc and 25 to 30 ml. of 
the Na 2 S solution. Add 80 to 90 ml. of NaOH solution, pouring it slowly down 
the side of the flask, preventing mixing of the solutions as far as possible. Immedi- 
ately connect the flask to the connecting bulb and condenser. 

Swirl the contents of the flask carefully to mix the solutions. Start to heat im- 
mediately and then distill over about 300 ml. of solution. Add several drops of 
methyl red indicator, and titrate the excess acid with 0.2 N NaOH. 

Make a blank determination, following the same procedure and using the same 
amounts of all reagents. 

Calculation.— 


Acrylonitrile, per cent = 


(A - B) NX 0.053 X 100 
C 


where A = milliliters of NaOH solution required for titration of the blank, 

B = milliliters of NaOH solution required for titration of the sample, 
N = normality of the NaOH solution, and 
C = sample weight in grams. 


20 ASTM Standards, Pt. 8, D1013-52, ASTM, Philadelphia, 587, 1958. 
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STYRENE-RUBBER PLASTICS 

Styrene-rubber plastics are generally made by blending rubber with polystyrene, 
or by dissolving the rubber in styrene monomer followed by polymerization. 
Styrene-rubber plastics consist of at least 50% styrene. 

Monomers: styrene C 6 H 5 CH=CH 2 

butadiene CH 2 =CHCH=CH 2 
Polymer structure : 


"CH — CH 2 

— plus — 

" CH— CHo— CH 2 — CH=CH— CHo' 

| 

.CeHs 

n 

.CeHs 


VISCOSITY OF 10% SOLUTION 2 » 

Apparatus. Viscosimeter.— Modified Ostwald viscosimeter having a capillary di- 
ameter of 1.4 to 1.5 mm. (Capillary A, Fig. 41-19), and calibrated at 25°C. against 
National Bureau of Standards standard viscosity oils. 

Mechanical Shaker. 

Electric Timer Reading to 0.1 Sec. 

Constant Temperature Bath.— Regulated to 25° ±0.01°C. 

Reagents. Toluene, Redistilled. 

Procedure.— Weigh exactly 4 g. of the plastic directly into a 2-oz., wide-mouthed 
bottle containing 15 to 20 g. of bentonite clay. Add exactly 36 g. of toluene. 
Stopper the bottle with a cork covered with aluminum or tin foil, and shake until 
the plastic has dissolved. Allow the mixture to stand until the clay and gels have 
settled out. Determine the viscosity of the clear solution as prescribed in the 
“Procedure,” p. 2060. 

DETERMINATION OF BUTADIENE COPOLYMERS 
IN PLASTIC BLENDS 22 

Scope.— This method is designed for the determination of butadiene-styrene co- 
polymers in rubber-styrene plastics. It appears suitable also for the determination 
of most unsaturated polymers or copolymers blended with saturated polymers. The 
method may also be used to degrade or solubilize unsaturated polymers for the 
isolation of insoluble fillers. 

Principle.— The unsaturated polymer is oxidized with the formation of soluble 
aldehyde fragments. Unattacked polymer is then precipitated by the addition of 
a nonsolvent and weighed. 

Reagents. Tertiary-Butyl Hydroperoxide.— Commercial solution containing 60% 
hydroperoxide and 40% /er/-butyl alcohol. 

Osmium Tetroxide, 0.003 M in Benzene.— This reagent is unstable and must be 
stored in a dark place in a tightly stoppered vessel. 

Procedure.— Weigh 0.5 g. of the additive-free polymer into each of two 250-ml. 
beakers containing 50 g. of ortho-dichlorobenzene. Heat on a hot plate at 130°C. 

2* Streeter, D. J., The Dow Chemical Co., unpublished manuscript; ASTM Standards 
Pt. 7, D445-53T, ASTM, Philadelphia, 201, 1958. 

2 » Kolthoff, L. M., Lee, T. S., and Carr, C. W,, J. Polymer Sci., 1, 429, 1946. 
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until dissolved Cool the solutions to 80° to 90°C and add 10 ml of the hydro- 
peroxide and I ml of osmium tetroxide solution to 1 of the beakers The an 
treated sample is carried through as the blank Increase the temperature to 110 
to 115*0 for exactly 10 min Copious e\olution of gases will occur during ths 
period Prolonged heating may cause excessiv e oxidation e\en of the saturated 
polymer 

Cool the solutions to room temperature and pour slowl) with vigorous stirring, 
into 600 ml of ethanol containing 4 drops of sulfuric acid Rinse the beaker v ith 
20 ml of benzene Allow the precipitates to settle 30 mm and filter through 
medium porosity sintered glass crucibles Wash the residues thorough!) with warm 
ethanol and then dry in a vacuum o\en at 110°C for 4 hr The difference n 
weight belts een the blank and the treated sample is a measure of the rubber con 
tent of the sample 
Calculation — 

„ , r (A-B) (C-DU 

Butadiene copolymer, per cent = I — — J X 100 

where A — weight of the treated sample 

B = weight of residue from the treated sample 
C — weight of the untreated sample and 
D — weight of residue from the untreated sample 

STY RE\E BUTADIENE RUBBER «° 

Scope — This method presides for the determination of styrene butadiene rubber 
m styrene rubber molding and extrusion materials in the range from 0 to % 
Principle —A known weight of sample is dissolved in carbon disulfide and infra 
red absorption measurements are made at the wavelength characteristic of from 
1 4 butadiene The sample absorbance is then compared with those of correspond 
mg standards 

Apparatus Infrared Spectrometer —Baird Associates double beam instrument 
with sodium chloride optics or equivalent 

Infrared Cell 0 7 mm with Sodium Chloride Windows 
Sample Shaker —Burrell Wrist Action or equivalent 
Reagents Carbon Disulfide Infrared Grade 
Pol) styrene Pure 

Rubber —Approximately 70% butadiene 30% styrene 

Preparation of Standard Absorption Curve — Weigh 2300 mg of pure polystyrene 
into each of five 2 oz narrow mouthed bottles (Since 2o00 mg samples are used 
2300 mg of pure polystyrene represents 92% the typical polystyrene content of 
many styrene rubber plastics Additives usually total about 8%) Weigh 2a to 
12o andl7omg portions of rubber into the 2 oz bottles Pi pet 50 ml of carbon 
disulfide into each of the bottles Place the bottles on the shaker until the soldi 
are completely dissolved Obtain the infrared spectrum of each standard solution 
from 8 5 to 12 n in the 0 7 mm cell Measure the absorbance of each solution at 
10 3 n employing the base line from 10 1 to 10 6 ft 
Plot analytical and interference curves of absorbance versus percentage com 
position The absorbance of the polystyrene blank solution at the indicated wave 
length represents 0% component since the blink as prepared compares with a 

s«Scheddel R The Dow Ghemictl Co unpublished n anusenpt 
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;ample of 92% polystyrene content. Most samples are 90 to 94% polystyrene, so 
to significant error is introduced by using a background of 92% polystyrene. 

Procedure.— Weigh 2500 mg. of sample into a 2-oz., narrow-mouthed bottle. Pipet 
>0 ml. of carbon disulfide into the bottle. Place the bottle on the shaker until 
he sample is dissolved. (If pigment is present, it will not dissolve but will go 
nto suspension and will not interfere with the analysis.) 

Scan the solution in the 0.7-mm. cell over the wavelength range from 8.5 to 12 
ising the infrared spectrometer. 

Calculations.— Measure the absorbance at 10.3 ft, employing the base line from 
10. 1 to 10.6 n. Determine the percentage of rubber from the measured absorbance 
jy graphical solution, employing all necessary interference corrections. 

To obtain the percentage of butadiene, multiply the percentage of rubber found 
iy the butadiene content of the standard rubber. If the butadiene composition 
)f the rubber used in samples is not the same as that used in standards, the approxi- 
mate rubber composition in the sample may be calculated by multiplying the result 
)btained by graphical solution by: 

percentage of butadiene in standard rubber 
percentage of butadiene in sample rubber 

DETERMINATION OF TOTAL UNSA TU RATION 31 

Scope.— This method is suitable for determining total unsaturation in plastics 
:ontaining polybutadiene, butadiene copolymers, and natural rubber. 

Principle.— Unsaturation is determined by addition of iodine monochloride at 
louble bonds in the polymer chains, as measured by titration. 

Reagents. Iodine Monochloride, 0.1 N.— Dissolve 3.2 g. of iodine trichloride and 
1,4 g. of iodine in 1 liter of carbon tetrachloride. 

Procedure.— Add 0.1 to 1.0 g. of the additive-free plastic, depending upon the 
legree of unsaturation, to 50 ml. of melted p-dichlorobenzene in a 500-ml. iodine 
lask. Heat to 175° to 180°C., and maintain this temperature until solution is 
omplete. Allow the solution to cool slightly and add 50 ml. of chloroform. When 
lie solution has reached room temperature add 50 ml. of 0.1 N iodine monochlo- 
ide. Stopper the flask and allow to stand for exactly 1 hr. at room temperature 
n the dark. Add 25 ml. of 15% potassium iodide solution, 50 ml. of water and 
100 ml. of ethanol. Titrate the liberated iodine with 0.1 N sodium thiosulfate. 
7arry a reagent blank through the same procedure. 

Calculations.— 


Butadiene, per cent = 


Net milliliters of 0.1 N I 2 X 0.271 
sample weight 


2,6-di-tert-BUTYL-p-CRESOL 

Scope.— This method is intended for the determination of 2,6-di-ierf-butyl-p-cresol 
ir similar phenolic-type stabilizers in plastics. 

Apparatus. Spectrophotometer.— Beckman Model B, or its equivalent. 


31 Kemp, A. R., and Peters, H., Anal. Chem., 15, 453, 1943. 

32 Lovcstrom, E. F., and Cobler, J. G., The Dow Chemical Co., unpublished data. 

33 Mchlenbachcr, V. C„ The Analysis of Fats and Oils, Garrand Press, Champai<m 

llinois, I960. ° 
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Reagents Dioxane Purified —Add an excess of sodium hydroxide to the dioxane 
allow to stand for 24 hr and distill 

Ferric Chloride Solution— Dissolve 200 mg of ferric chloride (FeCl 3 6H 2 0) m 
100 ml o£ distilled water Prepare fresh daily 

22 Bipyridine Solution — Dissolve 200 mg of 2 2 bipyridme in 05 ml of ethanol 
and dilute to 100 ml with water 

Calibration Cu rve —Prepare a standard solution containing 0 Qa mg of 26 d tert 
butyl pcresol (DTBC) per milliliter of 2B absolute ethanol Transfer 1 to 5 ml 
of the standard solution to 100 ml volumetric flasks Prepare an additional flask 
to use as a reagent blank 

To each flask add 10 ml of the FeCl 3 solution and 10 ml of the bipyridme solu 
tion Dilute to volume vv th 1 I ethanol water solution Allow the solutions to 
stand for 35 nun m the dark Transfer a portion of each solution to a 1cm ab 
sorption cell Read the absorbance using the reagent blank as the reference 
solution 

Plot the absorbances of the standard solutions against the number of milligrams 
of DTBC per 100 ml of solution on rectangular coordinate paper 

Procedure — Accura tel) weigh about 0 10 g of the polystyrene sample in a 2o i 
bottle and dissolve in 10 ml of purified dioxane Slowly add 40 ml of 2B also 
lute alcohol from a buret to precipitate the polystyrene Place the bottle on a 
shaker and shake for about 10 min Centrifuge the mixture for 10 min to settle 
the polymer Pipet a 10ml aliquot of the clear solution into a JOOml volumelrc 
flask and treat as described in the second paragraph of Calibration Curie im 
mediately above 

Calculations —Convert the absorbance reading of the sample solution to the 
number of milligrams of DTBC by means of the standard curve 


2 6 di tert butvl p cresol per cent = 


milligrams found m aliquot X 100 
milligrams of sample in aliquot 


VINYL CHLORIDE PLASTICS 

\mvl chloride plastics are based on resins made by the polymerization of vinyl 
chloride or the copoly merization of vinyl chloride with other unsaturated com 
pounds The more common vinyl chloride copolymers are those containing vinyl 
acetate acrylates vinylidene chloride or acrylonitrile 

POLYVINkL CHLORIDE 
Monomer viny l chloride CHj=CHCl 
Polymer structure — ICH 2 — CHC1] — n 
VOLATILE MATERIAL** 

Principle — The loss m weight after 4 hr exposure in a vacuum oven at 113 5‘C 
is reported as percentage volatile 

Apparatus Vacuum Oven — Aberhalden type employing I 1 2 trichloroethane as 
the heat transfei liquid (Fig 41 16) 

Desiccator 

3 * Gillard £ J The Dow Cnemical Co unpublished manuscript 
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Procedure . — Accurately weigh about 5 g. of plastic into a tared, flat bottom, evap- 
orating dish. Place die dish in a vacuum oven for 4 hr, at 1 13.5°C. and 10 to 20 mm. 
Hg pressure. 

Remove the sample from die oven. Cool in a desiccator and reweigh. 
Calculation.— 


Volatile, per cent = 


grams loss in weight 
grams of sample 


X 100 


MOISTURE « 

Reagents. Sodium Tartrate (Na 2 C 4 H 4 O e -2H ;j O).— Reagent grade, Mallinckrodt. 
This reagent contains 15.66 ± 0.05% water. 

Solution W, Water-in-M ethanol Standard.— Pipet 2.5 ml. of water into a 1-liter 
tolumetric flask. Dilute to the mark with anhydrous medianol and mix well. 

Karl Fischer Reagent.— This can be obtained from laboratory supply houses. It 
is prepared as follows: (1) dissolve 127 g. of finely granulated iodine in 1200 ml. 
of anhydrous methanol (less than 0.05% water) contained in a 2-liter, brown, glass- 
stoppered bottle. Add 395 g. of anhydrous pyridine, and mix thoroughly; (2) con- 
nect a sulfur dioxide cylinder to the reagent bottle through a 1-gal. bottle arranged 
as a trap. Use glass delivery tubing with rubber connectors; (3) place the reagent 
bottle on a large solution balance, and add 95 g. of sulfur dioxide in small incre- 
ments. Cool the solution. Dilute to volume with methanol and mix thoroughly. 
This reagent loses strength gradually; it must be standardized daily. 

Apparatus .— Any suitable Karl Fischer apparatus for water determinations, in- 
cluding automatic, 25-ml. burets of a type that minimizes errors due to reaction of 
the reagents with atmospheric moisture (see ASTM D1 123-54). Optionally, an in- 
strument for detection of the “dead-stop” end point, such as the Beckman Aqua- 
meter, may be used. 

Standardization of Reagents— Add exactly 10 ml. of Fischer reagent to the titra- 
tion vessel, and back-titrate with solution W. Repeat several times and compute 
the average equivalence ratio. 

milliliters of Fischer reagent 
a milliliters of solution W 

The equivalence ratio, F a . should be adjusted to between 0.7 and 1.3 by addi- 
tion of water or methanol to solution W. 

Accurately weigh about 1 g. of reagent grade sodium tartrate, and transfer it to 
the titration vessel. Titrate with Fischer reagent to an excess of about 2 ml. Back- 
titrate with solution W. Compute the water equivalence in grams of water per 
milliliter of Fischer reagent: 


(grams of s odium tartrate) X 0.1566 
! (milliliters of Fischer reagent) — F 0 (milliliters of solution W) 

Procedure .— Weigh 5 g. of plastic to the nearest 0.01 g. Transfer to the titration 
vessel and add then 10 ml. of Fischer reagent. Stir continuously for 10 min. De- 
pending on the design of the titration vessel used, excessive moisture may be 
picked up from the air if die stirring period is permitted to exceed 10 min. Back- 
titrate with solution W. 



2070 


PLASTICS 


Calculation — 


Moisture, per cent 


(milliliters of A) — F n (nuUihters of solutio n W) 
gram of sample 


where A = Fischer reagent 


X F/ X 100 


DR} SIEIE A\AL}SIS*> 

Principle —A sample of the plastic is mixed with talc (lubricant) and is ph cf d 
on a a 0-mesh sie\e After menu minutes of shaking the percentage retained on 
the screen is reported 

A pparatus Siev e —Standard 50 mesh and pan 

Mechanical Steve Shaker — A shaker such as Rotap Cat No S-74715 E. H 
Sargent and Co 

Talc— t mer titan 200 mesh 

Procedure — \\ eigh 100 g of plastic into a 400 ml beaker and add 10 g of tile 
Mix the talc and plastic thoroughly Obtain the tare weight of the 50 mesh sieve 
Attach the pan add the plastic mixture and mount in the mechanical sieve slnVtt 
Run the shaker for 20 mtn Reweigh the 50 mesh sieve 

Calculation —Report die gatn in weight as the percentage retained on the 50- 
mesh sieve 


I\ORG4\IC CHLORIDE** 

Pr met pie —The chloride is extracted from the resin with water and titrated am 
peroraetncall) with 0 001 A silver nitrate 

Apparatus Amperometric Assembly —See Fig 41 20 

Micto Buret, 5 ml 

Reagents Alcohol, Formula 30 —Distill Formula 30 alcohol discarding die fim 
and last !0 c o frictions 

Silver Nitrate Solution 0 001 A —Dissolve 1C 99 g of pure silver nitrate in water 
md dilute to 1000 ml Dilute 10 00 ml of this stock solution to 1000 ml with 
water 

Gelatin, 0 l'c —Dissolve 0 1 g of gelatin in water and dilute to 100 ml Prepare 
fresh dailv 

Acetone —Chloride free 

Procedure —Weigh 10 g of the finely divided plastic into a 230ml Erlenmevei 
flask Add 7 a ml of boiling distilled water Cover the flask with a watch glass, 
and place u on a steam bath for 5 min Remov e the flask cool and allow fne 
resin to settle Filter the water through Whitman No 41 H filter paper into a 
100 ml volumetric flask Wash the resin with 25 ml of water and transfer to the 
filter Dilute the filtrate to volume and transfer a 50 ml aliquot to a 100-ml 
beaker 

Add I ml of 0 l c 0 gelatin solution 50 ml of chloride free acetone and 0 2 ml 
of concentrated nitric acid Titrate imperometrically with 0 001 A’ silver mini* 
solution with a potential of about 05 v applied across the platinum electrode* 
\dd the silver nitrate in 0 1 ml increments recording the microammeter reading 

5® Gillard E J The Dovs Chemical Co. unpublished manuscript 

J« kolthofT, I M, and Lingange, J J, Pofarography, \ol 11 2nd Ed, Intenaen 
Publishers Inc, New Aork, I9a2 
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after each addition. Add sufficient silver nitrate to give 1 to 2 ml. in excess as 
noted by die increased ammeter readings. 

Calculation.— Plot the number of milliliters of 0.001 N silver nitrate solution on 
the X-axis of a graph paper against the corresponding microampere readings on 


50 jv 250 jl. 500 ji. 



Fig. 41-20. Wiring Diagram for Amperometric Titrator. 


the Y-axis. Draiv straight lines dirough the points representing the 2 slopes pro- 
duced. The point of inteisection giies the number of milliliters of silver nitrate 
used to react with the chloride. Run a blank dirough the entire procedure and 
subtract it from die sample titration. 


Chloride, per cent = 


milliliters X JV X .0355 
sample weight in aliquot 


X 100 


WET SIEVE ANALYSIS ^ 

Principle.— A slurry of the resin in a dilute wetting agent solution is poured 
onto a sieie. The fine particles are washed through with a gentle stream of water. 
The wet sieve technique eliminates static charges that cause resin particle agglom- 

ASTM Supplement to ASTM Standards, Pt. 9, D1705-59T, ASTM, Philadelphia, 97 
1959. 
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eration A wetting agent promotes the complete displacement of air in porous 
resins 

Apparatus Sieves.— U S Standard 8 in sieves as required (the minimum sieve 
sue must be U S No 325 44 p, or larger) 

Oven —Circulating air type oven operating at 70° ± 2°C 

Reagent Sodium Lauryl Sulfate —Or any sodium alkyl aryl sulfonate, 05 p ' 
aqueous solution 

Procedure.— Weigh, the siev es to the nearest 0 1 g and assemble them in order ol 
increasing number from top to bottom Transfer to a beaker, a sample of not 
less than 25 g nor more than 100 g weighed to the nearest 0 1 g Use a sample 
of such size that not more than 20 g remains on any one sieve Add approximately 
300 ml of the wetting agent solution to the beaker and stir until the resin is 
thoroughly wetted 

Pour the slurry on the top sieve Complete the transfer of resin using addi 
tioinl wetting agent solution Wash the fine particles through with a gentle stream 
of water Remove the top sieve and continue washing each successive sieve If 
the particles on the lower sieves aie not thoroughly wet, add additional wetting 
agent solution to the sieve 

Dry the washed sieves containing the resin at 70° 2°C and weigh 

Calculations —Determine the residue on each sieve by weight difference 

TOTAL CHLORINE** ** 

Scope— This method is suitable for determining total chlorine in vinyl chloride 
and vinylidene chloride polymers and copolymers 

ipparalus Parr Peroxide Bomb —Series 2100, 22 ml and accessories 
Blast Burner 
Safety Shield 

Reagents Ferric Nitrate Solution.— Dissolve 50 g of Fe(NO a ) 3 in distilled water 
and dilute to 1 liter 

Nitric Acid 1 1.— Dilute 1 volume of H s O with 1 volume of concentrated HM)j 
Procedure —Dry the finely powdered sample for 45 nun m an oven at 100*C 
in an atmosphere of nitrogen Place the sample in a desiccator until cool Weigh 
about 0 2 g of the dry sample accurately into a fusion cup Add 0 50 g of dry 
powdered sugar and 15 g of Na 3 0 2 Assemble the bomb, making sure the head 
gasket is in place, and tighten with a wrench Shake the bomb vigorously to nu< 
the contents Tap the bomb lightly on the bench to dislodge any particles sticking 
to the upper pontons of she borob 

Set the bomb over the hole in the ignition housing stand, and place a safety 
shield in front of the assembly Apply a sharp intense flame to the bottom of the 
bomb Heat until a dark red spot appears on the side of the bomb Underheating 
will result in incomplete oxidation of the organic matter and low chlorine results 1 
Mlow the bomb to cool in air for several minutes and then to cool to room tem 
perature under tap water Remove the screw caps taking care to not disturb the 
bomb lid Wash the outside of the bomb with distilled water 

Remove the bomb lid and wash any adhering particles into a 600ml beaker 

38ASTM Standards, Pt 9, D1303 55 ASTM, Philadelphia, 517, 1958 
29 Parr Manual Number 121, Peroxide Bomb Apparatus and Methods, Parr Instrumen 
Company, Moline, Illinois, 1950 

co Caution — Overheating may cause possible damage to the fusion cup and even a 
explosion 
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Place the cup on its side in the beaker, add sufficient water to cover about one- 
third of the bomb, and immediately cover the beaker with a watch glass. When 
the reaction has completely subsided, remove the cup and wash thoroughly with a 
stream of water. Neutralize the solution by adding 50 ml. of 1:1 HN0 3 slowly 
with constant stirring, using care to avoid loss by spattering or overheating. 

Add an additional 10 ml. of 1:1 HN0 3 , 2 ml. of nitrobenzene, and 50.0 ml. of 
0.1 N AgNO s . Stir vigorously until the precipitated AgCl becomes a spongy mass. 
Add 10 ml. of Fe(N0 3 ) 3 indicator and titrate the excess AgNO g with 0.1 N am- 
monium thiocyanate to the first pink end point. Run a blank determination on 
the reagents. 

Calculation.— 


Vinyl chloride, per cent = 


[(A X Na) - (B X N b )] X .06246 
weight of sample 


X 100 


where A — net milliliters of AgNCA solution, 

Na = normality of AgNCL solution, 

B — net milliliters of ammonium thiocyanate solution, and 
Nb = normality of ammonium thiocyanate solution. 


VISCOSITY OF 2% SOLUTION « 

Scope.— This method describes a test procedure for the determination of the 
dilute solution viscosity of vinyl chloride resins in orthodichlorobenzene at 120°C. 
To determine the inherent viscosity in cyclohexanone solvent, or the specific vis- 
cosity in nitrobenzene solvent, the methods prescribed in Tentative Method of Test 
for Dilute Solution Viscosity of Vinyl Chloride Polymers should be followed. 42 

Apparatus. Viscosimeter.— Modified Ostwald viscosimeter, having a capillary 
diameter of about 0.40 mm. (Capillary A, Fig. 41-19) and calibrated against Na- 
tional Bureau of Standards standard viscosity oils. 

Constant Temperature Oil Bath.— Maintained at 120°C. 

Constant Temperature Bath.— Maintained at 165°C. 

Electric Timer.— Reading to 0.1 sec. 

Reagent. o-Dichlorobenzene, 99.6% pure. 

Procedure.— Weigh exactly 0.2663 g. of the sample into a 20- by 150-mm. test 
tube. Add by pipet exactly 10 ml. of o-dichlorobenzene, using the solvent to wash 
down the sides of the test tube. Place the tube in a 165°C. constant temperature 
bath for 5 min. Use a stirring rod to hasten solution of the particles that may 
stick to the sides and bottom of the tube. If the sample turns dark, indicating 
decomposition, it should be discarded. 

Suspend a viscosimeter in the 120°C. constant temperature bath for a sufficient 
time to reach the bath temperature. Affix a small piece of cotton to the tip of 
a preheated, 5-ml. pipet with a paper clip or wire. Draw sufficient solution through 
the cotton as a filter and pipet 5 ml. into the viscosimeter. Allow at least 5 min. 
for temperature equilibrium. Use a rubber bulb to force the liquid 5 to 8 mm. 
above the upper calibration mark. Release the pressure and, using die electric 
timer, measure the time required for the liquid level to pass between the 2 calibra- 
tion marks. Make triplicate flow-time measurements, which should agree within 
0.3 sec. 


ii Gillard, E. J., The Dow Chemical Co., unpublished manuscript. 

42 ASTM Standards, Pt. 9, D1243-58T, ASTM, Philadelphia, 530, 1958. 
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Drain the viscosimeter tube and rinse it immediately with boding hot o-dichlo- 
rohtnzene Cool rinse with acetone and dry 
Calculation — 


Absolute vi cosity, cps 


TiXDiXn 
T-t X Di 


where 7i *= time of flow of unknown solution, 

7» <= time of flow of standard viscosity oil, 

D\ — density of unknown solution, 

D 2 *= density of standard \iscosity oil, and 
n = viscosity of standard viscositv oil in c p s 


SHORT TIME STABILITY AT ELEl ATED TEMPERATURES « 
Scope— This procedure is suitable for determining the short time stability at 
elevated temperatures of plastics containing chlorine 

Apparatus Stability Apparatus - 
Consisting of preheater coil sample 
flask and absorption tube (Fig 41 21) 
Constant Temperature BaUi-Con 
trolled at 180° ± 2°C 
Procedure —Cut or shred the sample 
into pieces so that one dimension is no 
larger than Vio in Spread 100 g of 
the sample evenly upon the bottom ol 
the sample flask Add 40 0 ml of 0 1 \ 
chloride free NaOH to the absorption 
tube Place the sample fl isk in the con 
stant temperature bath so that it is 
immersed m the heating medium to 
within 3 cm of the top Jmmcdnteiv 
assemble the apparatus as shown in the 
diagram (Fig 41 21) Pass nitrogen gas through the system for exactly 30 mm 
Control the rate of flow so that 2 to 4 bubbles per sec will pass through the ab- 
sorbing tube 

Transfer the contents of the absorbing tube quantitatively to a 2j0ml Ellen 
nitycr flask and acidify with concentrated HNO, Add 2 ml of nitrobenzene and 
"5'b'O nfl ol 111(42 V Ag\O a Shale the flask until the precipitated Agl'l ‘becomes a 
spongy miss Add 10 ml of a 5% aqueous solution of re(I\0 3 ) 3 and titrate die 
excess \gN0 3 with 002 N ammonium thiocyanate to the first pink end point 
Run a blank determination on the reagents 
Calculation — 



M = (/I - B) X 3 65 

where M — short time stabihtv expressed as milligrams of HC1 evolved per gram of 
sample, 

*4 = net milliliters of Ag\Oj required for sample, times normality, and 
B — net milliliters of ammonium thiocyanate times normality 

«s \STM Standards Pt 9 D793 59 \ST\f Philadelphia 521 1939 
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SOLVENT-SOLUBLE EXTRACT 

Scope.— This method describes a test procedure for the determination of plasti- 
cizers and other solvent-soluble organic additives in polyvinyl chloride. 

Apparatus. Soxhlet Extractor. 

Soxhlet Extraction Thimbles. 

Procedure.— Weigh approximately 5 g. of the finely subdivided plastic accurately 
into a Soxhlet extraction thimble. Place the thimble in the extractor. Add 2B 
absolute ethanol to a fared extraction flask. Assemble the apparatus and extract 
for 24 hr. Allow the extractor to cool, remove the flask, and evaporate the solvent 
to dryness on a steam bath. Place the flask in a vacuum oven at 70°C. for 1 hr. 
Remove the flask from the oven and cool in a desiccator. Weigh the flask and 


contents. 

Calculation.— 


Solvent-soluble, per cent = 


weight of extract 
weight of sample 


X 100 


VINYL CHLORIDE-VINYL ACETATE COPOLYMERS 

Description 

Monomers: vinyl chloride CH2=CHC1 

vinyl acetate CH 2 =CHOCOCH 3 
Copolymer structure : 

— rCH 2 — CH— CH 2 — CH -|— 

I I 

Cl o 

I 

0=C CHiJn 

Vinyl chloride-vinyl acetate copolymers frequently contain minor amounts of vinyl 
alcohol ( — CH 2 — CH — ) or maleic acid ( — CH — CH — ) . 

I ! I 

O HOOC COOH 


DETERMINATION OF POLYVINYL CHLORIDE AND 
POLYVINYL ACETATE IN BLENDS ** 

Procedure.— Dissolve 1 g. of the plastic in 15 ml. of redistilled c-dichlorobenzene, 
warming slightly if necessary. Add 100 mi. of warm 96% ethanol slowly with stir- 
ring. Reflux the mixture for 2 hr. on a steam bath. Allow the mixture to cool 
to room temperature and filter through a tared, medium-porosity, sintered-glass 
crucible. Rinse the precipitate with three 20-ml. portions of a 1:3 ethyl ether: 
ethanol solution. Dry the crucible and contents to constant weight in a vacuum 
oven at 70°C. Record the net weight of the precipitate as A. 

Combine the filtrate and the washings, and evaporate almost to dryness on a 
steam bath. Dissolve the residue in 30 ml. of acetone and add 10 ml. of H„0 

-•■iTaat, W. J., and Neill, W. vandcr, Chem. AVcekblad., 44, 393, 1948. 
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dropwise with stimng Filter the mixture through a tared, medium porosity, sin 
tered glass crucible Wash the precipitate with three 5 ml portions of a 4 1 ace 
tone H 2 0 solution Dry the crucible and contents in a vacuum at 70®C Record 
the net weight of the precipitate as B 

Combine the filtrate and washings in a beaker, and evaporate almost to dryness 
on a steam bath Transfer the beaker and contents to a vacuum desiccator, and 
dry to constant weight (16 to 24 hr) Record the net weight of the residue as C 
Calculations.— 

Polyvinyl chloride, per cent ; ; — X 1 00 

weight of sample 


Polyvinyl acetate, per cent 


B 

weight of sample 


X 100 


Plasticizer, per cent 


C 

weight of sample 


X 100 


VINYL ALCOHOL « 

Reagents Acetic Anhydride Pyridine Reagent.— Add 60 g of c p acetic anhy 
dride to 440 g of freshly distilled pyridine Store in a brown, glass stoppered 
bottle Prepare fresh weekly 

Pyridine Water Solution —Add 8 ml of distilled water to 92 ml of freshly dis 
tilled pyridine 

Potassium Hydroxide, 0 5 A T —Dissolve 33 g of potassium hydroxide in 200 ml 
of anhydrous methanol Add 20 ml of Tergitol 4 Dilute the solution to a vol 
ume of 1 liter with freshly distilled pyridine, and store in a brown glass stoppered 
bottle Standardize against benzoic acid 

Procedure —Weigh 2 to 3 g of sample into a 200 ml pressure bottle containing 
200 ml of acetic anhydride pyridine reagent Wash down the neck of the bottle 
with 35 ml of pyridine Stopper the bottle Place the bottle on a steam bath 
behind a safety shield Swjrl the bottle frequently until the plastic is dissolved 
Allots the bottle to remain on the steam bath for 20 mm after complete solution 
Remove from the steam bath and allow to cool to room temperature Add 2 j 
ml of the pyridine water solution Stopper the bottle and swirl gently to mix the 
contents Place the bottle on the steam bath for 30 min Remove the bottle from 
the bath and allow it to cool to room temperature Wash down the sides of the 
bottle with 25 ml of pyridine Cool the bottle in an ice bath at 0°C for 15 mm 
Titrate to a phenol plithalem end point with 05 N K.OH Run a blank on the 
reagents following the same procedure 
Calculation — 


Vinyl alcohol, per cent = 


(A - -g) X N X 0440 ^ 
grams of sample 


where A = milliliters of KOH used for blank, 

B = milliliters of KOH used for sample, and 
N = normality of KOH. 

<5 kennett, C ], in Kline, Gordon M (ed), Analytical Chemistry of Polymers, Pan * 
Interscietice Publishers. Inc, New York, 481-2, 1959 Reproduced with permission 
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MALEIC ACID 


Reagents. Potassium Hydroxide, 0.1 N .— Methanolic solution. 

Ethylene Dichloride.— Neutralize to phenolphthalein end point with 0.1 N 
methanolic KOH. 

Procedure.— Weigh 5 g. of sample accurately into a 250-ml. Erlenmeyer flask, 
and dissolve in 150 ml. of ethylene dichloride. Solution may be hastened by warm- 
ing to 60° to 70°C. with gentle swirling. Cool the flask and contents to room tem- 
perature and titrate to the phenolphthalein end point with 0.1 N KOH. 

Calculation.— 


Maleic acid, per cent = 


milliliters of KOH X N X .058 
grams of sample 


. Cop. Bore 


F Pyrex 


TOTAL VINYL ACETATE * e 

Scope.— This method is suitable for the determination of vinyl acetate in its 
copolymers. The procedure measures the sum of the monomeric and polymerized 
vinyl acetate. 

Principle.— The copolymer is pyrolyzed under vacuum. The pyrolysis products 
are dissolved in water and an aliquot is injected 
into a gas chromatography apparatus. The peak 
area produced by the acetic acid formed during 
the pyrolysis is compared with that produced by 
known amounts of acetic acid. 

Apparatus. Pyrolysis Tube.— Vycor, see Fig. 

41-22. 

Heating Block.— See Fig. 41-23. The block 
may be heated with a Meker burner or in a tube 
furnace. 

Gas Chromatograph.— Beckman GC-2A or 
equivalent, with hydrogen flame detector. 

Column, 14 in. I.D.— Stainless steel tubing, 4-ft. 
length, packed with 20% Tween 80 on firebrick 
(80 to 100 mesh). 

Micro-Syringe, 0.0 to 10.0 /d. 

Reagents. Compressed Gases, see “Operating 
Conditions for Gas Chromatograph,” below. 

Acetic Acid, Glacial. 

Operating Conditions for Gas Chromato- 
graph.— (a.) Helium gas pressure, 40 p.s.i. (120 
ml. per min.); (b) compressed air pressure, 16 
p.s.i.; (c) hydrogen gas pressure, 7 p.s.i.; (d) 
column temperature, 100°C.; (e) attenuator, 

5 X 10 2 ; (f) recorder, 0 to 1 mv. 

Standardization.— Place about 20 ml. of H n O 
in a 50-ml. volumetric flask and weigh. Add 

about 400 mg. of glacial acetic acid to the flask, stopper, and reweigh. Dilute to 
volume with HoO. By means of a micro-syringe, inject 3 /d. of the standard solution 
into die gas chromatographic apparatus. 

10 Lcnestrom, E. F., Miller, D. L., and Cobler, J. G., The Dow Chemical Co., unpublished 
manuscript. 
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Fig. 41-22. Piioljsis Tube for the 
Thermal Decomposition of Pol}- 
vin)l Acetate. 
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VINYLIDENE CHLORIDE PLASTICS 

Vinylidene chloride plastics are based on resins made by the polymerization 
of vinylidene chloride or the copolymerization of vinylidene chloride with minor 
amounts (not over 50%) of other unsaturated compounds. The common vinylidene 
chloride plastics are die copolymers with vinyl chloride or acrylonitrile. 

VINYLIDENE CHLORIDE/VINYL CHLORIDE COPOLYMERS 
Monomers: vinylidene chloride CHi>=CCl 
vinyl chloride CH=CHC1 

Copolymer structure: 

— [CH 2 — CC1 2 — CH 2 — CHClj— •„ 

MOISTURE « 

Determine the moisture content of the sample as prescribed under “Moisture/’ 
p. 20G9. 


SIEVE ANALYSIS « 

Principle.— A sample of die resin is shaken on a nest of screens. The fractions 
remaining on eadi screen and on the pan are weighed and reported by percentage. 

Apparatus. Screens.— Tyler mesh, numbers 16, 20, 32, 42, 60, 80, 100, 150, 200, 
pan and cover. 

Shaker.— Newark “End Shake” testing sieve shaker, or equivalent; Newark Wire 
Cloth Company, Newark 14, New Jersey. 

Talc.— Finer than 200-mesh. 

Procedure .— Obtain the tare weights of each of the screens and of the pan. Place 
exactly 100.0 g. of resin on the 16-mesh screen, and add exactly 10 g. of talc. Shake 
for 10 min. 

Calculation.— Weigh the screens and pan. Subtract the tare weights and report 
die difference as percentage on each screen and percentage on the pan. Subtract 
10.00 from the weight of polymer on the pan as a correction for the talc. 

VINYLIDENE CHLORIDE IN VINYLIDENE CHLORIDE-VINYL 
CHLORIDE COPOLYMERS 

Determine the total chloride content of die dry, additive-free resin as prescribed 
under “Total Chlorine,” p. 2072. 

... , . . , . percentage of chloride — 56.73 

Vinylidene chloride, per cent = i 2 

; ' P 0.1641 

VISCOSITY OF 2% SOLUTION 48 

The test is carried out in die same way as for polyvinyl chloride; see p. 2073. 

Meeks, M. R., The Dow Chemical Co., unpublished manuscript. 

is ASTM Standards, Pt. 9, D729-57, ASTM, Philadelphia, 29, 1958. 
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ETHYLENE PLASTICS 

Ethvlene plastics are based on resins made by the polymerization of ethylene o 
copolvmerization of ethylene with other unsaturated compounds 

POLYETHYLENE 

Monomer eth>lene CH^=CHj 
Polymer structure — [CH-> — CHj] — n 

Polyethylenes are currently classified by the ASTM in 3 categories with respect 
to density 

Type I Low densits 0 910-0 925 
Type II Medium density 0 926-0 940 
Tvpe III High density 0 941-0 965 

Although the densits is a function of the molecular structure it is controlled 
by the processing conditions Low and medium density resins are prepared by the 
high pressure processes utilizing air or peroxide catahsts and are characterized bi 
the presence of alkvl side branches High density resms are prepared in the pres- 
ence of metals or metallo-oTganic catahsts at low pressures and are chara denied 
by a reduced number of side branches and an increase m either terminal (vimlj 
unsaturation or internal transolefimc structures 

DENSITY « 

Scope —This method is intended for the determination of the density of poh 
ethy lene in the range of 0 91 to 0 97 

Principle — This method is based on the observation of the level to which a 
sample sinks in a liquid column exhibiting a density gradient, m comparison with 
standards of known density 

Apparatus Densits Gradient Tube— A 1000ml graduated cylinder equipped 
with a rubber stopper is suitable 

Constant Temperature Bath —The bath should operate at a temperature of 
23° ± 01°C 

Glass Floats —Prepare a number of spherical glass floats from Pyrex tubing of 
various, diameters. Tbf. masimiun. thsuneJer. of. the. sjjhejss. should he 5 mm Cali 
brate the floats as prescribed below 

Pycnometer 

Apparatus for Gradient Tube Preparation —See Fig 41 24 

Reagents Isopropanol 

Diethylene Glycol 

Deaerate the liquids prior to use by gently heating or applying vacuum 

Cohbration of Floats —Place a 1000-ml cylinder m the 23® ± 0 1®C constant 
temperature bath Fill the cylinder about two-thirds full with a solution of no- 
propanol and diethylene glycol The density of the liquid may be varied over die 
desired range by the addition of either liquid 

When the cylinder and contents have attained temperature equilibrium. pla fe a 

49 ASTM Standards Pt 9 DJ505 57T ASTM Philadelphia, 511, 1957 
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float in the solution. If the float sinks, add diethylene glycol with good stirring 
until the float remains stationary for 30 min. If the float rises, add isopropanol 
with good stirring until the float remains stationary for 30 min. During these 
periods the cylinder should be covered. After a suitable liquid mixture has been 
prepared, determine the density of the liquid at 23° ± 0.1 °C., using a pycnometer. 
Make suitable "in vacuo” corrections for all weighings. Record the density as the 
density of the float. 

Calibrate a series of glass floats covering the density range of 0.91 to 0.97. If 
necessary to obtain a suitable range of floats, grind the floats to the desired density 


by rubbing the bead part of the float on a 
glass plate on which is spread a thin slurry 
of 400- or 600-mesh silicon carbide. 

Preparation of Gradient Tube.— Assemble 
the apparatus as shown in Fig. 41-24. Add 
610 ml. of isopropanol and 740 ml. of di- 
ethylene glycol to beaker B. Stir the solution 
with a high-speed, propeller-type stirrer or a 
magnetic stirrer, at such a speed that the sur- 
face of the liquid does not fluctuate greatly. 

Place 1500 ml. of isopropanol in beaker A. 

Prime the siphon tubes with their respective 
liquids. Partially open the stopcock on the 
siphon tube connecting beaker B to the 
gradient tube. Adjust the rate of flow so 
that at least 60 min. is required to fill the 
tube. Fill the tube to the 1000-ml. mark. 

Calibration of Gradient Tube.— Dip at 
least 7 clean calibrated floats, covering the 
effective range of the column, into isopro- 
panol, and add them to the tube. Mix the 
different layers of the tube by stirring hori- 
zontally until the floats span the entire range 
of the gradient tube. A vertical distance of 

1 mm. should represent density differences no greater than 0.001 g. per milliliter. If 
the floats do not spread out evenly in the tube, discard the liquid and prepare a 
fresh gradient solution. When the desired range is obtained, cap the tube and keep 
it in the constant temperature bath for 24 hr. prior to use. 

Prepare a plot of the density of the floats versus the heights of the floats. The 
curve should be fairly smooth and nearly linear. If an irregular curve is obtained, 
the entire procedure should be repeated. 

Procedure .— Condition the sample for 1 hr. at 100°C. in water or steam, if Type 
I or II, and at 120°C. if Type III. Cool the sample in a closed vessel for at least 
1 hr. 



Fig. 41-24. Apparatus for Gradient 
Tube Preparation. 


Wet a conditioned sample with isopropanol and gently place it into the gradient 
tube containing the glass floats. Allow a minimum of 10 min. for the tube and 
sample to reach equilibrium. Films of 1 to 2 ml. thickness may require several 
hours to settle. 

Read the height of the floats and the sample by using a line through their 
center of volume. 
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Calculations —Plot the density of the floats versus the heights of the floats Read 
the density of the sample from the prepared graph 

\ote— The samples and floats may be removed without destroying the gradient bt 
slowh withdrawing a wire basket attached to a long wire 

DETERMINATION OF FLOW RATES OF THERMOPLASTICS™ 
Scope —This method describes the apparatus and test procedures for measuring 
the rate of extrusion of a thermoplastic through an orifice under prescribed con 
ditions of temperature and pressure The flow rate of polyethylene measured 
according to the conditions of this method is reported as the 1 melt index 



lowing 

Cylinder —The cylinder should be a 2m diameter steel thermostat in in 
length with a smooth straight hole 0 3760 ± 0 0003 in in diameter, displaced 
in from the cylinder axis Wells for a thermoregulator and thermometer shall be 
provided as shown in Fig 41 25 A %-in plate is attached to the bottom of die 
cylinder to retain the orifice A hole in this plate, centered under the orifice an 
countersunk from below, allows free passage of the extrudate Two 9a-in diameter 
rods shall be screwed into the side of the cylinder for attaching to a vertical sup- 
port The essential dimensions of a satisfactory cylinder of this type are shown 
in Fig 41 25 

*o ASTM Standards, Pt 9, DI238 57T, ASTM, Philadelphia, 398, 19 j7 
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Orifice .—' The outside of the orifice cylinder should be such that it will fall freely 
to the bottom of the 0.376-in. diameter hole in the cylinder. The orifice should 
have a smooth straight bore 0.0825 ± 0.0002 in. in diameter, and should be 
0.315 ± 0.001 in. in length. 

Piston .— The piston should be made of steel with an insulating bushing at the 
top as a barrier to heat transfer from the piston to the weight. The land of the 
piston should be 0.3730 ± 0.0003 in. in diameter and 0.250 ± 0.005 in. in length. 
Above the land the piston should be relieved to about 0.350 in. in diameter. The 
combined weight of piston and load should be 2160 g. ±0.5% 

Cylinder Heater — The cylinder may be heated with two 100-watt electric band 
heaters covering the entire length of the cylinder (suitable heaters may be pur- 
chased from Industrial Heater Co., 245 Canal Street, New York, N. Y., Catalog 
No. X-20994-3). After installation of the heaters, the apparatus should be lagged 
with in. of foamed glass insulation. Adjust the heaters to maintain the tem- 
perature of the cylinder at 190° ± 0.2°C. 

Thermoregulator.— A mercury thermoregulator having an angle form with a 
234-in. body, 6}4o-in. stem to inside of bend, 1 li-in. bulb, and a bulb diameter of 
not over 14 in. may be used to regulate the temperature. 

Thermometer .— 1 The thermometer should have the same dimensions as the regu- 
lator with a range of 4°C., graduated in 0.2°C. divisions. 

Procedure— Bring the cylinder and piston to the test temperature of 190°C. 
After the apparatus has been at the test temperature for at least 15 min., remove 
the piston and charge the cylinder with the amount of sample shown below for the 
anticipated flowrate. 


Flow Rate , 

Weight 

Time 

Grams per 

of Sample, 

Interval, 

10 Min. 

Grams 

Minutes 

0.15 to 1.0 

3 to 4 

6 

1.0 to 3.5 

4 to 5 

3 

3.5 to 10 

6 to 8 

2 

10 to 25 

6 to 8 

1 


As soon as the sample is charged to the cylinder, place a loaded piston weigh- 
ing 2160 g. in position, and start the timer. After 5 min., cut off the extruded 
portion flush with the orifice and discard. If a flow rate of 10 g. or greater per 
10 min. is being measured, the loss of sample during this preheat period may be 
excessive. If such is the case, a smaller weight may be used on the piston during 
this preheat period. At the end of the 5-min. preheat period, replace the smaller 
weight with the 2160 g. weight. The 5-min. cutoff is then made after changing 
weights. 

After another 1 min., cut off and discard the extruded portion. Then collect 
the extruded portion according to the time given above. Weigh the extrudate to 
the nearest milligram. If it contains visible air bubbles, discard the complete 
charge and repeat the test. 

Discharge the remainder of the sample and push the orifice out through the top 
of the cylinder. Clean the orifice and cylinder immediately. 

Calculation.— The melt index is reported as the rate of extrusion in grams per 
10 min. 
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Preparation of Standard Curve.— Weigh 100 mg. of 2,6-di-tert-hutyl-p-cveso\ 
(DTBC) into a 500-ml. volumetric flask. Dissolve in isooctane and dilute to vol- 
ume with the same solvent. Pipet 0-, 1-, 3-, and 5-ml. aliquots of the solution into 
25-ml. volumetric flasks, and dilute to volume with isooctane. Measure the ab- 
sorbances of the solutions in a 1-cm. cell at 285 m/t. Use a blank containing only 
isooctane as the reference solution. Plot the absorbance data a gainst the number 
of micrograms of DTBC. 

Procedure.— Weigh 5 g. of the finely divided sample into a 2-oz., wide-mouthed 
bottle. Add 25.0 ml. of isooctane. Place a piece of aluminum foil over the mouth 
of the bottle and screw the cap on tightly. Place the bottle on a mechanical shaker 
and shake for 48 hr. Filter the solution into a 50-ml. beaker. Transfer a portion 
of the filtrate to a 1-cm. cell, and measure the absorbance at 285 m//. Use a blank 
containing only isooctane as the reference solution. 

Calculation.— From the calibration curve, read the number of micrograms of 
2,6-di-tcrt-hutyl-p-cresol. 


2,6-A-/rr/-butyJ-/)-cresol, p. p. m. 


micrograms of DTBC 
weight of sample, grams 


CARBON BLACKS 

Apparatus. Electric Furnace.— The furnace must be at least 8 in. long, and 
suitable for use with 11^-in. diameter tubing. 



Fig. 41-26. Apparatus for Determining Carbon Black in Plastics. 

Tubing.— Pyrex or Vycor, 1%-in. diameter, and approximately 4 in. longer dian 
the furnace. 

=3ASTM Standards, Pt. 9, D1603-58T, ASTM, Philadelphia, 508, 1958. 



ANALYSIS OF VARIOUS TYPES OF PLASTICS 2087 

liquid in the reservoir into the upper bulb by using a rubber bulb attached to the 
left hand tube. 

Remove the cap on the right hand tube as soon as the liquid is about 0.5 in. 



above the top calibration mark. Measure the time required for the liquid meniscus 
to flow between the 2 calibration marks. Duplicate flow-time measurements should 
agree within 0.2 sec. Determine the solvent flow time similarly. 
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METHYL METHACRYLATE MONOMER « 

Scope .— The following polarographic procedure is suitable for the determination 
of total acrylic monomers in plastics. It will not differentiate between monomers 
such as methyl methacrylate and ethyl acrylate. 

Apparatus. Polarograph, Recording.— Leeds and Northrup Electro-Chemograph 
Type E, or equivalent. 

Polarographic Cell.— Equipped with a saturated calomel electrode connected 
through a bridge containing 0.1 N tetra-n-butyl ammonium hydroxide. The cell 
system must be protected from the air. 

Reagents. Benzene, c.p. 

Ethanol, 2B Absolute. 

Methyl Methacrylate Monomer.— Use the best material available. 

Calibration.— Place 20 to 30 ml. of benzene in a 100-ml. volumetric flask and 
weigh. Add about 100 mg. of the monomer to the flask, stopper, and reweigh. 
Dilute to volume with the same solvent. 

Weigh 1 g. of the reprecipitated or monomer-free plastic into each of five 50-ml. 
volumetric flasks. Add 40 ml. of benzene, and shake until the plastic is dissolved. 
Pipet into 4 of the flasks, aliquots of the monomer solution ranging from 1 ml. to 
10 ml. (equivalent to 0.1 to 1% monomer in the plastic). Reserve the fifth flask 
as the blank. Dilute the solutions to volume with benzene. Transfer a 5-ml. 
aliquot of each of the prepared standards to a 10-ml. volumetric flask. Add 1 ml. 
of polarographic grade 1 M tetra-n-butyl ammonium hydroxide to each flask, and 
dilute to volume with ethanol. 

Transfer a portion of the solution to the polarographic cell, and flush briefly 
with hydrogen gas. Overblowing will result in loss of sample. Obtain the polaro- 
gram as soon as most of the oxygen is removed. If the cell is connected during this 
short blowing process, the extent of the oxygen removal can be followed by observa- 
tion of the indicator needle, which will return nearly to the base line. Start 
recording when the needle reaches a few divisions from the starting point. Set the 
current range for 5 n a. for full scale and record from —1.4 to —2.4 v. The half- 
wave potential for acrylic monomers is approximately —1.85 v. 

Using the method of tangents, measure the diffusion current for each sample, 
and plot this current expressed in scale divisions versus concentration of acrylic 
monomer in milligrams. 

Procedure .— Weigh I g. of plastic into a 50-ml. volumetric flask, and dissolve in 
benzene. Dilute to volume and, after mixing, transfer a 5-ml. aliquot to a 10-ml. 
volumetric flask. Add 1 ml. of 1 M tetra-n-butyl ammonium hydroxide, and dilute 
to volume with ethanol. Obtain the polarogram of a portion of the solution as 
described in the third paragraph of the “Calibration,” above. 

Calculations.— Measure the diffusion current and record the corresponding num- 
ber of milligrams of monomer from the calibration curve. 


Methyl methacrylate monomer, per cent = 


milligrams of monomer 
milligrams of sample in aliquot 


X 100 


LAURYL MERCAPTAN 56 


Principle .— The mercaptan is titrated amperometrically with silver nitrate in 
ammoniacal medium. A platinum electrode is placed in the solution to be titrated 


55 Lacosie, R. J., Rosenthal, I., and Schmettinger, C. H., Anal. Chem., 28, 983, 1956. 
Daniels, O. L., The Dow Chemical Co., unpublished data. 
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and an electrolytic connection is made through a salt bridge to a reference electrode 
Any current produced is measured on a microammetei No current flows until an 
excess of siher ion is present at the end point No external e m f need be applied 
Apparatus Mercury Mercuric Iodide Half Cell —Connected throu°h a salt 
bridge containing approximately 0 1 A ammonium nitrate to a platinum electrode 
Microamnieter —Range 0 to 50 /ta 

Titration Cell— Use a 150ml beaker with magnetic stirrer 
Buret, 10 ml 



Reagents Electrolyte Solution —Dissohe 4 2 g of potassium iodide and 13 g 
of mercuric iodide in 100 ml of saturated potassium chloride solution 
Siher Nitrate, 0 005 IV— Dissohe 08495 g of reagent grade siher nitrate W 
water dilute the solution to 1 liter in a tolumetric flask and mix well 
Acetone —Free from interfering substances 

Procedure —Assemble the apparatus (Fig 41 29) so that the mercury mercuric 
iodide half cell is electroly tically connected through a salt bridge containing ammo- 
nium nitrate to a second half cell containing a platinum electrode These 2 half 
cells are connected through a microammeter 
Weigh 2 g of the plastic into a 150 ml beaker and add 100 ml of acetone Stir 
the mixture to facilitate dissolution of the plastic Add 5 ml of 5 M ammonium 
hydroxide and 5 ml of 1 Af ammonium nitrate solution Continue stirring until 
the plastic redissoh es 

Immerse the tip of the ammonium nitrate bridge the platinum electrode an 
the tip of a buret into the solution Titrate by slowly adding 0 005 N sihet 
nitrate until a current begins to flow Continue the titration using small mere 
ments until the diffusion current of the excess siher shows that the end point i* 
passed 
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Calculations.— Plot the readings of the microammeter against the volume of silver 
nitrate added. The point of intersection of 2 lines drawn through the plotted 
points will correspond to the end point. The current before the end point (residual 
current of the medium) is practically zero. 


Lauryl mercaptan, per cent = 


milliliters of AgNOg X N X 0.202 
grams of sample 


BENZOYL PEROXIDE 57 

Principle.— The sample is dissolved in methylene chloride, and a blue color is 
developed by addition of phenothiazine. The color is stable and may be measured 
on an ordinary spectrophotometer. 

Apparatus. Spectrophotometer.— Beckman DU or equivalent. 

Optical Cells.— Corex, 10-mm. light path. 

Reagents. Methylene Chloride, Technical. 

Phenothiazine Solution.— Dissolve 100 mg. of recrystallized phenothiazine in 100 
ml. of methylene chloride. 

Benzoyl Peroxide Standard Solution, 100 fig. per ml.— Dissolve 10 mg. of benzoyl 
peroxide in methylene chloride, and dilute to 100 ml. with methylene chloride in 
a volumetric flask. 

Preparation of Calibration Curve.— Pipet aliquots of the standard solution con- 
taining from 100 to 1000 Mg. of benzoyl peroxide into respective 25-ml. volumetric 
flasks. Add methylene chloride to give a total volume of 20 ml., and mix. Add 
1 ml. of the phenothiazine reagent, and make to volume with methylene chloride. 
Mix each solution thoroughly, allow to stand 5 min., and measure the absorbance 
in a 10-mm. cell at 618 m/c Use a blank containing only methylene chloride and 
phenothiazine as the reference solution. Plot the absorbance data against the 
number of micrograms of benzoyl peroxide. 

Procedure.— Weigh 0.2 g. of the finely subdivided sample into a 25-ml. volumetric 
flask containing about 20 ml. of methylene chloride. Dissolve the sample and add 
1 ml. of the phenothiazine reagent. Make the solution to volume with methylene 
chloride and mix. Allow it to stand 5 min. Filter the solution, if necessary, and 
determine the absorbance at 618 m/c in a 10-mm. cell, using a blank of methylene 
chloride and phenothiazine as the reference solution. 

Calculation.— From the calibration curve, read the number of micrograms of 
benzoyl peroxide present. 

_ , . , micrograms of benzoyl peroxide 

Benzoyl peroxide, p. p. m. = 2 i — 

grams of sample 

METHYL SALICYLATE ™ 

Principle.— The sample is dissolved in chloroform. Methyl salicylate is extracted 
with sodium hydroxide, and determined through its ultraviolet absorption at 302 
m/i in dilute hydrochloric acid. 

Apparatus. Ultraviolet Spectrophotometer.— Beckman Model DU or equivalent. 

Calibration.— \ Veigh 0.1000 g. of pure methyl salicylate, and dilute to 250 ml. 
with CHC1 3 in a volumetric flask. Weigh 1.0 i 0.1 g. of reprecipitatcd or additivc- 

57 Daniels, O. L., The Dow Chemical Co., unpublished data. 

ss Ciummett, W. B., The Dow Chemical Co., unpublished data. 
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free plastic in a 100 ml beaker Add approximately 2 ml of CHC1 3 and allow 
the mixture to stand a fetv minutes then add 23 ml more of CHC1 3 Pjp et 
2a 0 ml of the methyl salicylate standard solution Prepare also a blank contain 
mg only the reprecipitated plastic in 50 ml of CHCi 3 
Cover each beaker with a watch glass and allow the mixtures to stand until the 
plastic is completely dissolved Transfer each chloroform solution to a 12a ml 
separatory funnel and extract it with three 50 0 ml portions of 2% sodium hydrox 
ide Filter the aqueous extracts through a medium 12 5-cm folded filter papet 
(Reexe Angel No 871) which has been moistened with water Collect the filtrate 
m a 2o0ml xolumetric flask containing 6 7 ml of 36% hydrochloric acid l\ash 
the paper with distilled water Dilute the filtrate and washings to the mark and 
mix thoroughly Transfer a portion of the final solution to a 1 0 cm cell and 
read the absorbancy at 302 ia/i using a slit width of 0 4 mm Water senes as the 
reference liquid Correct for the blank if necessary 

Dmde the weight of the methyl salicylate present (in 250 ml of the final solution) 
by the absorbancy reading to obtain a coefficient C This should hate a value 
of about 00103 g per 250 ml per absorbancy unit 

Procedure — U eigh a 1 Og sample to the nearest milligram in a small beaker and 
add 2 ml of chloroform Allow the beaker and contents to stand a few minutes 
and add 48 ml more of chloroform Prepare a blank also and proceed as in the 
second paragraph of Calibration above the blank may be omitted if the reagents 
used do not show ultras lolet absorption at 302 mu 
Calculation —Let A equal the absorbancy reading on the final solution of the 
sample and let S be the number of grams of sample represented in 2o0 ml of the 
same solution 


, , , , A X CX 100 

Methyl salicylate per cent — 

VINYL ACIDS** 

Principle —The plastic is dissolved in chloroform and the acid groups are titrated 
with alcoholic sodium hydroxide using thymol blue as indicator Any free acids 
will be included 

Reagents Chloroform —Technical grade free from color and acid impurities 

Methanol —Redistilled or reagent grade 

Sodium Hydroxide in Methanol Approximately 0 1 A —Dissolve 4 0 g of reagent 
^rade sodium hvdroxide in 10 ml of water and dilute the solution to 1 liter twin 
methanol 

Hydrochloric Acid 0 1 N Standard Solution —Standardize by any convenient and 
reliable method 

Thymol Blue Indicator Solution —Dissolve 0 3 g of thymol blue in 100 ml of 
methanol 

Procedure — \\ eigh a 0 5 g sample of the plastic into a 2a0 ml Erlenmeyer flask 
Add 2 ml of chloroform and let stand a minute so that the pieces of plastic will 
adhere to the bottom of the flask Add 50 ml of chloroform cover the flask with 
a small watch glass and swirl occasionally until the sample has dissolved If th e 
solution becomes doudy because the sample is not completely soluble in chloro- 
form add a few milliliters of methanol Add 0 I ml of thymol blue indicator 

» Brown H P and Gibbs C F Ind Eng Chem 47, 1006 I9 j5 
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solution and titrate with 0.1 N methanolic-sodium hydroxide. The color change 
at the end point is from yellow or brownish-yellow to blue or violet. 

Titrate a solvent blank in the same way. Correct the titration in the above 
paragraph for the volume of 0.1 N sodium hydroxide consumed by the blank. 

Standardize the 0.1 N sodium hydroxide solution at the time of use by the follow- 
ing procedure: pipet 20 ml. of standard 0.1 N hydrochloric acid into an Erlenmeyer 
flask; add 0.1 ml. of thymol blue indicator solution, and titrate to a blue or violet 
end point with the 0.1 N sodium hydroxide; calculate the true normality of the 
sodium hydroxide solution. 

Calculations.— 


Acrylic acid, per cent 


net milliliters of NaOH X N X 0.0721 
sample weight in grams 


X 100 


Methacrylic acid, per cent 


net milliliters of NaOH X iVX 0.0861 
sample weight in grams 


X 100 


ACRYLIC COPOLYMERS 

DETERMINATION OF TOTAL METHYL, ETHYL, AND/OR BUTYL 
ESTERS IN ACRYLIC COPOLYMERS™ 

Scope .— This procedure is suitable for determining the amounts of the various 
acrylic acid and methacrylic acid esters in copolymers. It will not, however, dis- 
tinguish between acrylate and methacrylate esters of the same alcohol. 

Principle .— The method consists of 2 separate determinations. First, the total 
alkoxyl is determined by a modified Zeisel procedure. Secondly, the various alkoxyl 
groups, after being converted to the corresponding alkyl iodides, are separated and 
measured by gas chromatography. 

Apparatus. Distillation Unit for the Alkoxyl Determination.— (See Fig. 41-30.) 

Distillation Unit for the Alkyl Iodide Absorption.— (See Fig. 41-31.) 

Gas Chromatograph.— See “Apparatus,” p. 2041. The column is a 9-ft. length of 
)4-in. stainless steel tubing, packed with 20% di-2-ethylhexyl sebacate on firebrick 
(42 to 60 mesh). It is operated at a temperature of 70°C. and a helium pressure 
of 8 lbs. p.s.i. (flow rate of 52 ml. per minute). 

Reagents. Potassium Acetate Solution.— Dissolve 100 g. of potassium acetate in 
1 liter of a solution containing 900 ml. of glacial acetic acid and 100 ml. of acetic 
anhydride. 

Bromine Solution.— Dissolve 5 ml. of bromine in 145 ml. of the potassium acetate 
solution. Prepare fresh daily. 

Sodium Acetate Solution.— Dissolve 220 g. of sodium acetate in water and dilute 
to 1 liter. 

Dilute Sulfuric Acid.— Carefully mix 1 volume of reagent grade sulfuric acid with 
9 volumes of water. 

Hydriodic Acid, 57%.— Hydriodic acid forms with water a constant-boiling mix- 
ture (boiling point 126° to 127°C.), which contains 57% HI. The concentration 
of HI in the reagent used should be not less than 56.5%. If necessary, the acid 
may be purified by adding to it a small amount of red phosphorus and boiling for 

go Haslam, J., Hamilton, J. B„ and Jeffs, A. R., Analyst, 83, 66, 1958; Samsel, E. P„ 
Miller, D. L., and Coblcr, J. G., paper presented at the Regional Meeting of The American 
Chemical Society, Detroit, I960. ° 



20 to 30 min in a hood, sshile passing a stream of CO„ into the liquid n „„n 
is then earned out behind a safety glass shield in a hood, using an 111 glass , 
tilth a slots stream of CO„ running through the recener Caution -The disMl 



Tie 41 30 Distillation Unit for AIko\>l Determination 


should not be earned too far, since the phosphorus reaction product sometimes 
explodes near the end Keep the current of C0 2 going after the distillation « 
ended and until the apparatus has cooled Place the purified HI in small brown 
glass stoppered bottles, previously swept out with CO,, and seal with molten 
paraffin 

Procedure 1 Determination of Total Alkoxyl -Add 3 ml of water to the scrub- 
bing trap, and 10 ml of bromine acetic acid solution to receiver A (Fig 4130) 
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Attach the receiver to the distillation apparatus, B. Weigh a 50-mg. sample into 
tiie side-arm flask, C, add 3 cc. of melted phenol, and warm on a steam bath until 
the sample is dissolved. Occasionally it is necessary to add a small amount of 




Fig. 41-31. Distillation Unit for Alkyl Iodide Absorption. 

propionic anhydride to the phenol mixture, with further warming, to achieve solu- 
tion. Add C cc. of constant boiling hydriodic acid to the flask, and attach at once 
to the apparatus as shown. With some types of polymers, the addition of hydriodic 
acid will precipitate the sample. If this occurs, gently shake the reaction flask, 
from time to time so that the precipitate floats free in the boiling mixture. Connect 
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the side arm to a source of nitrogen and pass a current of the gas mto the apparatus 
at a rate of 2 bubbles per sec Immerse the flask in an oil bath maintained at 
150“ C and heat for 3 hr 

Wash the contents of the receiver into a flask containing 15 ml of sodium acetate 
solution Add formic acid dropwise to reduce the bromine and then add about 
6 drops more A total of 10 to 12 drops is usually required Add 3 g of potassium 
iodide and la ml of dilute sulfuric acid Titrate the liberated iodine with 01 \ 
sodium thiosulfate Make a blank determination 
Procedure 2 Separation of Alkyl Iodides — The hydriodic acid hydrohsis of the 
polymeric sample is carried out in exactly the same manner as before except that 
an absorber tube is substituted for the bromine recencr The details of the tube 
are shown in Fig 41 31 Place a small amount of drying agent (magnesium per 
chlorate) into the inlet section of the absorber tube With a hypodermic syringe 
add 0 25 cc of n heptane to the outlet section and assemble the appantus as shown 
Surround the tube with a dry ice bath at — 80°C and allow the reaction lo proceed 
at 150“C for 90 mm 

At completion of the hydrohsis disconnect the trip and allow it to warm to 
room temperature Bv means of a microsyrmge inject a small amount of the 
heptane solution into the gas chromatograph system 

Calculations —Measure the mditidual peak areas and compute the total area 


V m , 


Am, 

Am, + A e , + Atu 


X Vt 


v,t 


ill x 

Am, + A,t + A „ « 


V t 


Vbu - 


Am, + A„ + A bu 


Methyl methacrylate, per cent 
Ethyl acrylate, per cent 
Butyl acrylate per cent 


Vme X 0 1668 
sample weight 
V el X 0 1668 
sample weight 
V bu X 0 2133 
sample weight 


where V t — volume of 0 1 N NagSjOj required for total alkoxyl 
A» e =* area under methyl iodide peak, 

A,t = area under ethyl iodide peak 
A bu ~ area under butyl iodide peak, 

V mt «=> volume of 0 1 V NajS^s required to titrate CHjI, 

V,t — volume of 0 1 N NajS^a required to titrate C2H5I and 

V bu = volume of 0 1 V NajSjOj required to titrate CiH 9 I 

Greater accuracy in the analysis of 2 component systems may be attained through 

the use of a calibration curie The calibration cur\e is prepared by nnymg 
known mixtures through the hydrolysisgas chromatographic procedure and pot 
ting the recovery \ersus the amount added Alternatnelv the calculations may 1 
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based on the peak areas produced by known amounts of the alkyl iodides without 
resorting to the total alkoxyl-ratio procedure. 

TOTAL LONG CHAIN ALCOHOL ESTERS G1 

Scope .— 1 This procedure is suitable for determining acrylic acid esters such as 2- 
ethylhexyl, decyl, and lauryl acrylate in copolymers. The procedure measures the 
sum of the monomeric and polymerized esters. 

Principle .— The copolymer is dissolved in tetrahydrofuran and saponified with 
alcoholic KOH. The saponification mixture is acidified, and an aliquot is injected 
into a gas chromatography apparatus. The peak area produced by the alcohol 
formed during the saponification is compared with the area produced from known 
amounts of the monomeric acrylic acid ester carried through the same procedure. 

Apparatus. Gas Chromatograph.— Beckman GC-2A or equivalent, with hydrogen 
flame detector. 

Column.— The column consists of M in. I.D. stainless steel tubing, 4-ft. length, 
packed with 23% Oronite NI-W Dispersant on firebrick (42 to 60 mesh). 

Microsyringe, 0.0 to 10.0 /d. 

Parr Bomb, 22-mL— Stainless steel, with lead gasket. 

Oven.— Operating at 160°C., and equipped with a device for slowly rotating the 
bombs. 

Bottles, 1-oz.— French square. 

Reagents. Compressed Gases.— See following section, on operating conditions. 

Ethanol.— Formula 2B absolute. 

Tetrahydrofuran. 

Alcoholic Potassium Hydroxide.— Dissolve 15 g. of reagent grade KOH in 50 ml. 
of formula 2B absolute ethanol. 

Acrylate Monomer.— Commercial grade. 

Operating Conditions for Gas Chromatograph.— [a.) Helium gas pressure, 30 to 40 
p.s.i. (100 to 150 ml. per min.); (b) compressed air pressure, 16 p.s.i.; (c) hydrogen 
gas pressure, 7 p.s.i.; (d) column temperature, 160°C.; (e) attenuator, 5 X 10 2 ; (f) 
recorder, 0 to I mv. 

Standardization .— Accurately weigh 25 to 50 mg. of the desired acrylate monomer 
into the Parr bomb. Add 13 ml. of tetrahydrofuran and 3 ml. of alcoholic KOH 
solution. 

Assemble the bomb, making sure the head gasket is in place, and tighten with 
a wrench. Place the bomb in the rotating device in the oven and rotate slowly 
at 16°C. for 4 hr. Remove the bomb from the oven, and allow it to cool to room 
temperature. Remove the lid and transfer the contents of the bomb to a 25-ml. 
volumetric flask. Rinse the bomb and bomb lid with formula 2B absolute ethanol, 
and add the rinsings to the flask. Dilute to volume with the ethanol. 

Transfer a 10-ml. aliquot of the solution to a 1-oz. French square bottle and add, 
by pipet, 0.50 ml. of concentrated HC1. Cap die bottle and shake for several 
seconds. Allow the precipitate to settle. By means of a micro-syringe, inject 3 /d- 
of the supernatant liquid into the gas chromatographic apparatus. 

Measure die area of the resulting alcohol peak. 

Procedure .— Accurately weigh 400 to 500 mg. of the copolymer into a Parr bomb. 
Dissolve the sample in 13 ml. of tetrahydrofuran. Add 3 ml. of the alcoholic KOH 
solution, and proceed as directed in the second and third paragraphs, above. 

51 Cobler, J. G., Miller, D. L., and Samsel, E. P., The Dow Chemical Co., unpublished 
data. 
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Calculations.— Measure the area of the resulting alcohol peak Compare the 
sample peak area with the area produced by the standard monomer solution 

^ X £ 

Acrylic acid ester, per cent — q ^ X 1 00 

where A = milligrams of monomer in the standard, 

B — peak area of sample, 

C = peak area of standard, and 
D = sample weight in milligrams 


CELLULOSIC PLASTICS 

Cellulosic plastics are based on cellulose compounds such as esters (cellulose ace 
tate) and ethers (ethyl cellulose). 

CELLULOSE ACETATE 


O 


Polymer structure — I 


C 6 H 7 0 2 (0-C-CHj) 3 


PLASTICIZERS « 2 

Solvent. Ethanol n Hexane.— Dilute 1 volume of 2B ethanol with 1 volume ot 
n hexane 

Procedure —Dry the finel) subdivided sample at 100°C for 30 min , and cool it 
in a desiccator Weigh about 5 g of the dried sample accurately into a Soxhlet 
thimble Assemble the Soxhlet extractor, using a tared extraction flask Extract 
with the alcohol hexane solvent for 24 hr Remove the flask and evaporate the 
solvent nearly to dryness on the steam bath Transfer the flask and contents to a 
vacuum desiccator, and dry to constant weight 

Calculation.— 

Plasticizer, per cent = — X 1 00 


where A *= weight of the sample before extraction, 
B = weight of flask plus residue, and 
C - vievght of flask 


MOISTURE 63 

Procedure .— Weigh accurately about 5 g of the sample into a tared weighing 
bottle Place the bottle and contents in an oven for 2 hr at 100° to 105*C Re 
move the bottle from the oven, cover, and place it in a desiccator When cool 
remove it from the desiccator and revveigh 
Calculation.— 


Moisture, per cent 


weight of loss on heating ^ 
weight of sample 


#2 Whitnack, G C , and Gantz, E St Clair Anal Chetn , 24, 1060 1952 
ea ASTM Standards, Pt 8, D871 56 ASTM, Philadelphia, 460, 1958 
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ASH ™ 


Procedure— Dry the sample for 2 hr. at 100° to 105°C. Weigh accurately 10 g. 
of the dried sample into a 100-ml. porcelain crucible, which has been previously 
ignited and tared. Bum the sample directly over a flame. The sample should 
burn gently. Continue heating with a burner only as long as the residue burns 
with a flame. If desired, additional 10-g. portions of the sample may be added 
when the flame subsides. 

Transfer the crucible to a muffle furnace and ignite the carbon at 550° to 600°C. 
Allow the crucible to cool slightly, and then transfer to a desiccator. 'When cool, 
remove the crucible and reweigh. 

Calculation.— 


Ash, per cent 


weight of residue 
weight of sample 


FREE ACIDITY ™ 


Procedure— Place about 5 g. of sample, accurately weighed, in a 250-ml. Erlen- 
meyer flask, containing 150 ml. of freshly boiled, cold water. Stopper the flask, 
shake vigorously, and allow it to stand for 3 hr. 

Filter off the cellulose acetate. Wash the residue thoroughly with water. Com- 
bine the filtrate and washings, and titrate with 0.01 N NaOH to the phenolphtha- 
lein end point. Run a blank determination on 150 ml. of water. 

Calculation.— 


Free acidity as acetic acid, per cent 


net milliliters of NaOH X N X .060 ^ 
weight of sample 


COMBINED ACETYL™ 


Reagents. Ethanol, 75% by Volume.— Mix 790 ml. of formula 2B or 3 A de- 
natured ethanol with 210 ml. of H 2 0. 

Procedure .— Grind the sample to pass a No. 20 (840 -m) sieve, and dry for 2 hr. 
at 105°C. Weigh approximately 1 g. of the dried sample to the nearest 0.001 g. 
and transfer it to a 250-ml. Erlenmeyer flask. Add 40 ml. of the ethanol solution. 
Loosely stopper the flask, and heat for 30 min. at 50° to 60°C. Add 40 ml. of 
0.5 N NaOH, and heat again at 50° to G0°C. for 15 min. Stopper the flask tightly, 
and allotv to stand at room temperature for 48 hr. If the acetyl content is over 
43%, or if the sample is very hard, allow the flask to stand for 72 hr. 

Back-titrate the excess NaOH with 0.5 N HC1, using phenolphthalein as the 
indicator. Add an excess of 1 ml. of 0.5 N HC1, and allow the flask to stand over- 
night. Titrate the excess HC1 with 0.5 N NaOH until a faint pink end point per- 
sists after vigorous shaking of the flask. Cany a reagent blank through the com- 
plete procedure. 

Calculation.— 


Acetyl, per cent = 


l(A X Na) - (B X N b ) J X .043 

W 


X 100 


where A — net milliliters of NaOH, 
Na = normality of NaOH, 

B = net milliliters of HC1, 
Nb = normality of HC1, and 
JV — weight of sample. 


ASTM Standards, Pt. 8, D871-56, ASTM, Philadelphia, 461, 1958. 
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Procedure .— Dry the sample for 1 to 2 hr. at 105°C., and cool in a desiccator. 
Prepare approximately 340 ml. of a solution of cellulose acetate by adding cellulose 
acetate and solvent to the bottle in the following proportions. 


Ingredients, 

Percentage by weight 

Formula 

A 

B 

c 

D 

E 

F 

Cellulose acetate, per cent 

20 

a 

20 

15 

20 

10 

Acetone, per cent 

72 

EK 





. 1 96 per cent 

Acetone. i XK7 \ A 

[Water, 4 per cent 





80 


Ethanol, per cent 

8 


8 

8.5 



Methanol, per cent 






9 

Methylene chloride, per cent 



72 

76.5 


81 


Formula A, B, or E may be used for cellulose acetate having a maximum acetyl 
content of 40.5%; formula C should be used for cellulose acetate having an acetyl 
range of 40.5 to 42.7%, while either formula D or F may be used for cellulose 
acetate having an acetyl range of 42.7 to 44.8%. 

Close the bottle tightly and allow a short time for the solvent to penetrate the 
sample. Shake the mixture until a uniform solution is obtained. Place the bottle 
in the constant temperature bath at 25° ± 0.1 °C., and allow the solution to come 
to temperature. 

Open the bottle and drop a % 2 -in. stainless steel ball through the center of the 
column of solution. Time the fall of the ball between the calibration marks. If 
the observed time is less than 20 sec. or greater than 100 sec., repeat the measure- 
ment using a different ball. If the times of fall for successive measurements vary 
significantly, use freshly prepared solutions for each measurement. 

Determine the density of the solution in grams per milliliter by measuring the 
solume at 25°±0.1°C. of a known weight of the solution in a 100-ml., tightly 
stoppered, graduated cylinder. 

Calculation.— 


n = K(a — b)t 

where n = viscosity in poises, 

A' = apparatus constant, 

a — density of the ball in grams per milliliter, 
b = density of the solution in grams per milliliter, and 
l = time of fall in seconds. 


ETHYL CELLULOSE 

Polymer structure: [C6H 7 0 2 (0C2H 6 )3] — , 
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PLASTICIZERS 

Proceed as prescribed in ‘Plasticizers, p 2098, above employing a n heptane 
extraction for 8 hr , instead of the ethanol hexane extraction 


MOISTURE « 

The test is carried out in the same ua) as that for cellulose acetate, p 2098, alxnc 
ASH * 2 

The test is earned out in the same vva} as that for cellulose icetue p 2099, above 


CHLORIDES ™ 


Procedure — Diy the sample for 2 hr at 100° to 1()5°C Weigh accurate]} about 
10 g of the sample into a 500 ml, wide mouthed Lrlenmc)er flask Add 200 m) 
of hot water and 10 ml of concentrated HPvOg Heat the contents of the flask it 
the boiling point for I to 2 mm , and then cool to room temperature Add 5 00 m! 
of 0 1 A AgNO* and 5 ml ol 5% Fe(NO a ) s solution Heat the solution on a hot 
plate to coagulate the precipitated AgCl Bach titrate the excess AgNO, with 
0 1 A KCNS to the first appearance of a faint pink color 
Calculation.— 


Chlorides, per cent 


iu X \'a) - (B X A b)) X 0 0585 „ ]Q0 


where A = milliliters of AgNOi solution, 

A'a = normality of AgNOi solution, 

B — milliliters of KCNS solution, 

Nr “ normality of KCNS solution, and 
IV = weight of sample, m grams 


ALKALINITY 89 


Reagents Strontium Chloride Solution —Dissolve 100 g SrCC 6H_0 in vvitu 
and dilute to 1 liter 

Procedure.— Dry the sample for 2 hr at 100' to 105“C Weigh accuratel) about 
10 g of the sample into a 500 ml Erlenme>er flask Add 150 ml of water ami 
heat at the boiling point for 5 mtn Uld while stirring, 5 ml of SrCl. solution 
Allow the solution to cool, and titrate with 0 1 N HC1 to the phenolphthalcin end 
point 

Calculation.— 


Alkalinity as NaOH, per cent 


milliliters of HC1 X A X 040 
weight of sample 


ETHOXYL CONTENT 89 70 
Apparatus. Distillation Apparatus.— See Fig 41 SO 
Oil Bath.— Maintained at 145“ to 150°C 

Reagents.— Prepare the following reagents as prescribed, p 2093 
Potassium Acetate Solution. 

Bromine Solution. 


«TA$TM Standards, Pt 8, D914 50, ASTM, Philadelphia, 464, 1958 

® 8 ASTM Standards l’t 8, D914 50, ASTM, Philadelphia, 405, 1958 

69 ASTM Standards, Ft 8, D914 50, ASTM Philadelphia 400, 1958 

roSamsel. E P, The Dow Chemical Co, unpublished data 
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Sodium Acetate Solution. 

Dilute Sulfuric Acid. 

Hydriodic Acid, 57%. 

Formic Acid, 90%. 

Procedure .— Dry the sample at 105°C. for 30 min. Add 3 ml. of water to the 
scrubbing trap, B, and 10 ml. of bromine-acetic acid solution to receiver, A; then 
attach the receiver to the distillation apparatus (Fig. 41-30). Weigh 40 to 50 mg. 
of the dry sample into a No. 0 gelatin capsule, and drop into the boiling flask, C. 
(The weighing should be done as quickly as possible without sacrificing accuracy, 
because dry ethyl cellulose picks up moisture rapidly.) Add 2 ml. of melted phenol, 
a few silicon carbide chips to prevent bumping, and 6 ml. of constant boiling 
hydriodic acid. Attach at once to the distillation apparatus, using a few drops of 
HI to moisten the ground-glass joint. 

Connect the side-arm of the flask to a source of nitrogen, and pass a current of 
the gas through the apparatus at a rate of 2 bubbles per sec. Immerse the flask 
in an oil bath maintained at 150°C., and react for 40 min. 

Wash the contents of the receiver into a 500-ml. Erlenmeyer flask containing 
15 ml. of 22% sodium acetate solution, and dilute to 125 ml. with water. Add 
formic acid dropwise, with swirling, until the brown color of tire bromine is dis- 
charged and then add 6 drops in excess. After 3 min., add 3 g. of potassium iodide 
and 15 ml. of 1% sulfuric acid, and titrate the liberated iodine with 0.1 N sodium 
thiosulfate, using starch indicator solution near the end point. Carry the reagents 
through the same procedure. 

Calculation.— 


Ethoxyl, per cent = 


(A - B)C X 0.00751 
D 


X 100 


where A = milliliters of NaoSjOj solution required for titration of the sample, 
B — milliliters of NasSjOj solution required for titration of the blank, 
C = normality of the solution, and 

D = weight of sample in grams. 


VISCOSITY OF 5% SOLUTION™.™ 

Principle .— The sample is dissolved in a solvent and tire viscosity of the solution 
is determined at 25°C. in a modified Ubbelohde viscosimeter. For ethyl cellulose 
containing 45 to 47% ethoxyl, the solvent should be a 70:30 benzene-methanol 
solution. For ethyl cellulose having an ethoxyl content of 47% or more, the solvent 
should be an 80:20 toluene-ethanol solution. 

Apparatus. Ubbelohde Viscosimeter (Fig. 41-32).— The viscosimeter should have 
a capillary size so that at least 30 sec. is required for the solution to pass between 
the 2 calibration marks. Appropriate capillary sizes range from about 1.45 mm. 
for 10-centipoise solutions to 3.12 mm. for 200-centipoise solutions. 

Mechanical Shaker. 

Constant Temperature Bath.— Operating at 25° ± 0.1 °C. 

Reagents. 70:30 Benzene-Methanol.-Weigh 2100 g. of A.R. grade benzene and 
900 g. of absolute methanol into a 1-gal. bottle, and mix thoroughly. 

71 ASTM Standards, Ft. 8, D9I4-50, ASTM, Philadelphia, 469, 1958. 

7 = Mapes, D. A., The Dow Chemical Co., unpublished data. 
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80 20 Toluene Ethanol —Weigh 2400 g of redistilled toluene and 600 g of 
absolute 2B ethanol into a 1 gal bottle and mix thoroughly 
Procedure — \\ eigh exactly 3 g of ethyl cellulose which has previously been dried 
for 1 hr at 10o‘C into in 802 bottle and add 57 g of the correct sohent (either 



of the 2 abcn e) to make a 5% solution of the plastic. Place a piece of aluminum 
foil o\er the opening of the bottle and screw the cap on tightly Place the botte 
on the shaking machine and agitate until the sample is dissolved 
Transfer a portion of the solution to the Ubbelihde \iscosnneter so that t e 
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level of the liquid is just even with the bottom of the vent tube entrance. Place 
the viscosimeter in the constant temperature bath at 25° ± 0.1 °C. When the solu- 
tion attains the temperature of the bath, close the vent tube by placing a finger 
over the opening. Fill the calibrated part of the tube by exerting suction using 
a rubber bulb. 

Open the vent tube. Measure the time in seconds required for the liquid level 
to pass between the 2 calibration marks. Duplicate flow-time measurements should 
agree within 0.2 sec. 

Calculations.— 


Viscosity in centipoises = 


TiX DiXn 

r 2 X D 2 


where T i = time of flow of unknown solution, 

To = time of flow of standard viscosity oil, 

Di — density of unknown solution, 

Do = density of standard viscosity oil. and 
rt = viscosity of standard viscosity oil in c.p.s. 
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POISONS 


By Rolla N Harger and Robert B Forney 

Indiana University Medical Center 
Indianapolis Ind 


This chapter presents selected procedures for the detection and estimation of 
certain poisons in body materials Space limitation makes it necessary to cover 
only those substances which are most frequently responsible for the poisoning of 
human beings 

Most of the analytical methods presented are those which the authors hate used 
for years with satisfactory results Recent treatises on toxicology * * i * 3 * * * * 8 * * list many 
alternate methods which are probably equally reliable 

CHOICE AND HANDLING Or BODY MATERIALS 
FOR TOXICOLOGICAL ANALYSIS 

Living Subjects — ' The materials commonly analyzed are blood, urine sain a 
breath and hair For carbon monoxide one uses blood, in which about 0 3% of 
potassium oxalate is dissolved to prevent coagulation Blood, urine, saliva, or 
breath may each be used for estimating the presence, and level, of ethanol or 
methanol in the body The first three should be presen ed by the addition of about 
0 5% of sodium fluoride, which also serves as an anticoagulant for blood Tests 
for mercury, lead, barbiturates, salicylates or alkaloids should employ blood or 
urine In arsenic poisoning, the poison is found m urine or blood, and m delayed 
or chronic, arsenic poisoning this element accumulates in the hair and nails For 
satisfactory results the analyst should be furnished with a minimum of 10 ml ol 
blood or saliva 100 ml of urine, and 0 5 g of hair or nails Five ml of the fluids 
will suffice lor ethanol or methanol 

Autopsy Materials —If possible, these should be obtained prior to embsAmmg 
because embalming introduces formaldehyde, methanol, and perhaps some other 

i Bamford, F , Poisons Their Isolation and Detection, 3d Ed , Revised by Stewart, C P-, 
Philadelphia, Blakiston, 1931 

-kave S, Handbook of Emergency Toxicology, Springfield, 111, Charles C Thomas 
Publisher, 1934 . 

3 Gonzales, T A , ance, M , Helpern, M , and Umbcrger, C J , Legal Medicine, Patno 

ogy and Toxicology , New \ork, Appleton Century Crofts, 1954 . 

* Kaye, S, and Goldbaum, L R., Toxicology, Chapter 24 in Legal Medicine, j 

Gradwohl, R B H,St Louis, Mosby, 1954 . 

s Stewart, C P, and Stolman A, Editors and contributors of certain chapters, Toxi 
ogy Mechanisms and Analytical Methods New \ork and London, Academic Press, • 

1960, Vol II, 1961 
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poisons, into the tissues. The organs submitted for analysis should always include: 
the stomach ligated at both ends and with no loss of contents, one kidney, about 
one-fourth of the liver (more in the case of a small child), blood from the heart 
or a large vein, and urine. A rib bone furnishes valuable evidence in suspected 
lead poisoning. In death from inhaled HCN, lung tissue contains the highest 
concentration of cyanide. In morphine poisoning the concentration in bile is 
many times greater than that in tissues, blood, or urine. 

These autopsy materials should be placed in clean containers with tight lids. 
New fruit jars or paraffined cartons are satisfactory. To prevent diffusion of poison 
between samples, each sample should be stored in a separate container. 

All samples from living or dead subjects should be labeled, sealed, and refriger- 
ated. Storage in a deep-freeze will minimize later postmortem changes. At all 
times, the samples should be in the sole custody of a responsible person, whose 
testimony can trace the sample from its source to the analyst. Each tissue is 
weighed and run through a meat grinder and thoroughly mixed, or a weighed por- 
tion may be homogenized with a measured volume of water. The analyst should 
use only a portion of each sample, so that later check analyses may be performed, 
particularly if the first are questioned. If the quantity of stomach contents is too 
small for both the preliminary tests and the later systematic procedure, the pre- 
liminary tests should be omitted. 

PRELIMINARY TESTS 

If any of these tests is positive, one can usually avoid the systematic procedure 
described in the section beginning on p. 2110. 

CYANIDE 

Procedure .— Moisten one end of a narrow strip of filter paper with die modified 
Schonbein reagent (p. 2111), and shake the strip to remove excess liquid. Slightly 
open the jar containing the stomach and contents and expose die impregnated 
end of the strip to the jar air for about 15 seconds. Ingested cyanide will usually 
evolve sufficient HCN to produce a distinct blue color. 

FLUORIDE OR OXALATE 

Procedure .— To about 5 g. of stomach contents add an equal volume of water, 
make slightly acid to litmus, and filter through a small fluted filter until clear. To 
the filtrate add a few drops of 5% CaCL solution. If no turbidity appears within 
a minute, toxic amounts of fluoride and oxalate are probably not present. If a 
precipitate appears, centrifuge in a conical tube, drain off the fluid, suspend the 
residue in 1:50 ammonia solution, again centrifuge and discard the fluid. Heat 
the residue with 2 ml. of 5% H ; ,S0 4 and titrate with 0.01 N KMn0 4 . Oxalate, if 
present, will cause a reduction of the permanganate. 

To test for fluoride, transfer the contents of the centrifuge tube to a platinum 
crucible, add 0.5 ml. of 40% Na OH, and evaporate to dryness. Heat over a flame 
until no carbon remains. Cool, and conduct the etching test described on p. 424 
of Vol. I, adding 2 ml. of concentrated H 2 S0 4 to the crucible just before cover- 
ing it with the paraffined glass plate with a small 0 scratched through die paraffin. 
If toxic amounts of fluoride are present in the stomach contents, one will usually 
obtain a distinct etch on die glass plate. 



2108 


POISONS 


Note— In fluoride poisoning 5 g of ashed tissues or blood do not usually contain suffi 
cient fluotide to produce a visible etch by this method 

ARSENIC OR MERCURY 

Procedure (Remsc/i Test )— Obtain a piece of sheet coppei about 0015m 
thick Cut a three fourths inch square and place it in a beaker under a thin layer 
of water By means of a pipet direct a stream of concentrated HN0 3 on the 
surface of the strip until it is uniformly bright At once dram off the fluid and 
rinse the strip with water leasing it covered with a little water Add to the 
beaker 50 ml of water 8 ml of concentrated HC1 and 5 g of the stomach con 
tents Cover the beaker with a watch glass and boil the fluid gently for 15 minutes. 
Drain off the fluid wash the strip twice with water and note any discoloration 
No change usually rules out toxic amounts of arsenic or mercury A black or 
brown stain may be due to arsenic antimony silver or bismuth Mercury gives a 
gray silvery coating to the copper Wash the strip with water alcohol and ether 
and allow to dry Roll the strip around a glass rod and slide it into a narros 
Pyrex test tube Heat the closed end of the tube in a flame for about one minute 
keeping the upper portion of the tube cool and holding it at an angle of about 4a 
Note any sublimate on the tube above where it was heated With mercury there 
may be a film of microscopic globules of the metal which can be seen under the 
microscope If mercury is present vaporizing a tiny crystal of iodine in the tube 
will form red mercuric iodide \rsemc is indicated by a white film of arsenic 
trioxide the octahedral crystals of which may be identified by microscopic exami 
nation using high magnification Pentavalent arsenic does not deposit readily on 
copper although a portion of it may be reduced to the trivalent state on boiling 
with organic matter 

REDUCING \ AI’ORS 

Reagents Sulfuric Acid, Approx 16 A —In a 125 ml flask place 40 ml of good 
distilled water W ith shaking slowly add 30 ml of clear C P concentrated H S0 1 
Cool The solution should contain no impurities which will reduce permanganate 
To test this add 1 drop of OOo \ KMii 0 4 to 10 ml of the acid solution The pink 
color should persist for at least 10 minutes Some C P sulfuric acid does con 
tain traces of such impurities 

Permanganate 0 05 A —In a 100ml volumetric flask place 01o8 g of CP 
KMnO, Add about 80 ml of double distilled water and shake vigorously until 
V>VT) y/iriVrJrt. tA *Jr«_ ■pwrmfrzga?mvt -is -ArtftfAveA NWkt -up •<& Yift ’zw.x. w/*JJ. and 

place m a glass stoppered bottle If stored in a dark place the permanganate will 
retain its strength for several months 

Procedure —Allow one of the jars of body material to warm to about room teni 
perature In a small glass bubbler tube place 5 ml of the 16 A sulfuric acid and 
add 0 1 ml of the 0 0a A permanganate Connect a long glass ell to the bubbler 
tube inlet Using an atomizer bulb with the valves reversed draw air from within 
the sample jar through tire acid permanganate reagent keeping the jar covered as 
nearly as possible If the tissue or fluid in the jar contains more than 0 1% o 
ethanol 5 bulbfuls (about 200 ml ) of the air should discharge all of the purple 
color Other alcohols and ether will also remove tire permanganate color but 
acetone will not 

With urine the test can be conducted by using a second bubbler tube for aerat 
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ing the urine. To prevent foaming of the urine, add one drop of liquid petro- 
latum containing 6% of zinc stearate. 

ETHYLENE GLYCOL 

Procedure .— Dilute 1 ml. of urine with 100 ml. of water. Test 1 ml. of the di- 
luted urine, using the procedure described in ethylene glycol procedure for protein- 
free filtrate of blood or tissues (p. 2138). With urines containing much ethylene 
glycol, a strong red color will develop within 20 minutes. Normal urines will yield 
a faint red color when tested at 1:100 dilution. 

CARBON MONOXIDE 

Reagent. Pyrotannic Acid.— In 50 ml. of water dissolve 0.5 g. of pyrogallic acid 
and 0.5 g. of tannic acid. This solution will keep for a few days. 

Procedure .— Dilute 1 ml. of whole blood with 9 ml. of water and mix. Add 10 
ml. of the pyrotannic acid, stopper the tube, and shake for a few seconds. Observe 
at the end of 15 minutes. With normal blood the initial red color changes to a 
slate-gray, while blood containing CO-hemoglobin retains part, or all, of the red 
color, depending on the fraction of the hemoglobin bound with carbon monoxide. 
Oxalated blood gives a brighter color than does blood preserved with fluoride. 



SYSTEMATIC PROCEDURE FOR 
SEPARATING AND DETECTING 
CERTAIN POISONS FROM 
BODY MATERIALS 

VOLATILE POISONS 
STEAM DISTILLATION 

Apparatus— An assembl) of the type shown m Fig 42 1 is comement To 
facilitate back drainage of fluid which condenses in the kjeldahl connecting bulb 
a second outlet from the distilling flask leads to a tube sealed to the side of th 
bulb The upper end of the condenser tube is fitted with a two hole rubber 
stopper one hole of which carries the exit tube from the kjeldahl connecting bulb 
and die second an ell which is normal]) closed b\ a clamped rubber tube Thi 
ell is for introducing a little air to produce luminescence if yellow phosphom 
sapor is erolred To detect such luminescence the distillation must be conducted 
in a dark room or with the condenser enclosed in a light tight case This test for 
phosphorus ma\ be omitted and a portion jf the distillate oxidized with bromine 
water and tested lor phosphate as described on p 2144 

Procedure —Start the burner under the steam generator Into a tared aOOml 
trlenmeser flask weigh 50 g of hashed tissue or stomach contents and add about 
00 ml of water and 1 g of solid tartaric acid 

Note— II a general unknown for poisons is being run one maj save time b\ using a 
aO g composite of sioniach and contents Iner kidner etc carefull) weighing each por 

Connect for distillation and pass a rather rapid current of steam into the dis- 
tilling flask heating the flask with a low flame At the moment the flask contents 
begin to bod lower the flame under the steam generator to minimize foaming 
which should subside within o minutes Then the steam current is increased to 
produce rather rapid distillation Collect about 90 ml of distillate Run about 
o ml of water through the condenser tube and make the distillate up to 100 ml 

Most volatile poisons will be carried over quantitatnel) in the first 90 ml of dis 
tillate Horses er if phenols or chloral are found it xv ill be necessary to resume 
the distillation and continue until a small fraction of the distillate shows no more 
of the substance 

Note Some works on toxicologs recommend a further distillation of the tissue suspen 
sion after making it alkaline to remose solatile bases This is \er) time consuming be 
cause the alkaline material foams badl) and quantitatne separation of some of these oa 
requires a very large volume of distillate Me hare found chloroform extraction a roue 1 
simpler procedure for separating such bases 
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QUALITATIVE TESTS ON THE DISTILLATE 
Small aliquots of the distillate are used for these tests. If a giren poison is 
found it is then determined quantitatively, using a larger aliquot of the distillate. 
Quantitative procedures are giren in the section beginning on p. 2124. 



He. 42-1. Assembl) for Steam Distillation of Bodr Materials The Left Inlet at the Top 
of the Condenser Is Ordinarilr Closed ruth a Clamp. 

CYANIDE 

Modified Schonbein TestA Reagent.— Weigh out appioximately 50 mg. of finelv 
pondered gum guaiac and shake in a stoppered flask rvith 25 ml. of 95% ethanol 
Transfer 10 ml. of the supernatant fluid to a second flask and add 3 ml. of 0.1% 
copper sulfate in rtater containing 3 ml. of 1.0 N H o S0 4 per liter. 

Note— We hare found that the added trace of acid helps to prerent a false positire 
reaction The reagent retains its sensitiutr foi at least 24 hours, hut the alcoholic solu- 
tion of gum guaiac deteriorates in a fen hours. Some samples of gum guaiac function 
hcttei than others 


«Sundberg, T., Srcnsk. Kem. Tids , 33, 1112, 1921; Chcm Abs , 13, 3431, 1921. 



2112 


POISONS 


Procedure —Cut a strip ot ordinary filter paper about 1 cm wide and 8 cn 
long Moisten one end with the Schonbein reagent and shake off any excess flu d 
Prepare this just before the first drop of distillate falls from the condenser insert 
the moistened end of the strip into the receiving flask and hold it near the falli g 
drops for about 20 seconds If HCN is being esohed the reagent on the strip will 
turn blue Air containing aO p p m (aa micrograms per liter) of HCN will gu C a 
strong blue color in 5 seconds and as little as a p p m will gi\e a faint blue color 
in 20 seconds 

If the Schonbein test is positne at once add I ml of 10% N iOH to the receiver 
and raise it so that the end of the condenser dips into the fluid Continue the 
distillation until about 00 ml of distillate has collected Rinse the condenser tube 
and make the distillate up to 100 ml 

Prussian Pine Test Procedure —Place 5 ml of the distillate in a test tube and 
idd Oj ml of 10% \ iOH 3 drops of approximate!) 5% ferrous sulfite sdutioi 
(fre slily prepared) ant! 2 drops of 10% ferric chloride solution Heat almost to 
boiling for ibout one minute Cool somewhat add 4 drops of concentrated HU 
and mix The HC1 will dissolie the iron h)dro\ides and if c>jmdc is present tie 
fluid as ill assume a distinct blue color On standing the Prussian Blue (ferric kno- 
ts irndc) will usual!) precipitate This dso is a sensitise test 

FORMALDEHYDE 

Embalmed tissues and blood trom »n embalmed body contain fonnaldehsdt 
and also methanol sshich alt\a)s accompanies formildeh)de 

Scluff Ehoie Test 7 Reagent —Place in a 200 ml flask 0 2 g of rosanilinc (fud 
sine) and idd 120 ml of boiling ssater Shake ssell until solution is complete 
C ool and add 2 g of sodium bisulfite (meta) clissolscd in 20 ml of ssater and tins 
\dd 2 ml of concentrated MCI dilute to 200 ml and again mix The rngut 
b< tomes almost colorless in about one hour Place hi i glass stoppered bottle an I 
store in a refrigerator It w ill keep well for at least one month 

Procedure Io 3 or 1 ml of the distill ite idd 2 ml of the Sell iff Elsose reagent 
If no red color ties clops within 15 minutes formaldehyde is absent If formal it 
hack is present it will interfere with the tests for methanol and ethanol listed 
btl »sv md they should be omitted 1 litre arc methods for removing the forma! k 
hade and then estimating methanol and ethanol in the distillate but unless tic 
t mb timing materiils used to preserve the body ire shown to contain no ethanol 
there is no point in tr)ing to estimate ethanol or methanol 

ACETONE 

Lef’iil Test Procedure PI tee in i small test tube a few milligrams of pos deled 
sodium nitrofernc) nude (iiitroprussidc) and add 3 ml of the distillitc Shake 
dissolve the powder winch s ill give a f mu brossn color to the fluid \dd 1 dr | 
of j 0% NaOII ami mix In the ibstnce of acetone the ilk th will prod it* J 
scllow color I he presence of acetone causes the appearance of a strong mange 
color which fades within about 5 minutes 

Acetest Procedure — 1 Jus is a moelificitton of the Legal Test cmplo)»tg a ' l ,l,c 
tablet (Cat No 2381 \mcs Co rikhart Ind ) Place an Acetcst tablet on a piece 
o! white paper Moisten with 2 drops of the distillate and observe at the cud 0 
30 seconds \cttone products a color varying from light lavender to deep purpe 

t\\ light ( O J I ud Hj, Client 19 750 1927 
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Deniges Test. Reagent.— In a flask place 4 g, of yellow mercuric oxide and 32 
ml. of water. While shaking, add 16 ml. of concentrated H 2 SO^, followed by 
32 ml. of water. 'When clear, place in a glass-stoppered bottle. 

Procedure.— To 1 or 2 ml. of the distillate add two volumes of Deniges’ reagent. 
Heat to about 90°C. for 5 minutes. A white precipitate indicates acetone, either 
preformed or from the decomposition of isopropyl alcohol. In ketosis, some 
acetone is present in the body. 

VOLATILE REDUCING SUBSTANCES 
Procedure .— (Omit if formaldehyde is present.) Transfer 2 ml. of the distillate 
to a test tube and dilute with 3 ml. of water. Add 1 ml. of 0.0434 N K„Cr.,0 7 
solution (see Ethanol, p. 2136). Next, add 5 ml. of concentrated H„S0 4 and mix 
by stirring with a glass rod ending in a ring at right angles with the rod. Run a 
blank with 5 ml. of distilled water. If the unknown does not show a decrease of 
yellow color, this rules out ethanol, methanol, and other reducing substances. If 
the 50 g. of body material which was steam-distilled contained more than 0.05% of 
ethanol or 0.023% of methane 1 all of the yellow color will disappear, leaving the 
green color of chromic sulfate. 


METHANOL 

Wright-Elvove Test . 7 — (Omit if the distillate contained formaldehyde.) In this 
test methanol is converted to formaldehyde, which yields a red to violet color with 
the Schiff-Elvove reagent. We have found that the presence of a small amount of 
ethanol results in a much more intense color. Ethanol alone gives no color. 

Reagents. 14% Ethanol .— Dilute 15 ml. of 95% ethanol with distilled water to 
a volume of 100 ml. 

Acid Permanganate .— Add 15 ml. of phosphoric acid (ortho, syrupy) to 90 ml. of 
water and dissolve in it 3 g. of KMn0 4 . Transfer to a glass-stoppered bottle and 
store in a refrigerator. It will function well for several months. 

Oxalic Acid in 16 N H.,SO r — Slowly pour 50 ml. of concentrated H.,S0 4 into 
62 ml. of water, while stirring the latter. Cool, and dissolve in it 5 g. of oxalic 
acid. Store in a glass-stoppered bottle. It will keep indefinitely. 

Schi[}-EIvove Reagent.— See formaldehyde test, above. 

Procedure.— In a test tube place 2 ml. of the distillate. Add 0.2 ml. of the 14% 
ethanol and 1 ml. of die acid permanganate. Mix and allow to stand for 10 min- 
utes. Reduce the excess of permanganate and MnOo by adding 1 ml. of the oxalic- 
sulfuric acid solution and shaking the tube. As soon as the fluid clears add 2 ml. 
of the Schiff-Elvove reagent and mix. Examine at the end of 30 minutes. If 
methanol was present the fluid will assume a violet or pink color. 

ETHANOL 

Oxidation to Acetaldehyde .— (Omit if formaldehyde or methanol is present.) In 
the absence of formaldehyde and methanol a reduction of dichromate in the test 
described above usually indicates the presence of ethanol. 

Apparatus. Copper Spiral .— Obtain an 18-in. length of 16- or 18-gauge copper 
wire. Form a spiral at one end by coiling the wire around a f )i G -in. rod, making 
about 8 turns with a small space between turns. Bend the straight portion so that 
it is in line with the spiral, and make a loop at the end to serve as a handle. 

Schiff-Elvove Reagent.— (See formaldehyde test, above.) 
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Stannous Chloride Solution .— Dissolve 10 g. of C.P. stannous chloride crystals in 
25 ml. of concentrated HC1. Place in a glass-stoppered bottle and store in the 
dark. It will keep well. For use, dilute 0.2 ml. with 40 ml. of water. 

Procedure.— Transfer 20 ml. of the distillate to an evaporating dish and add an 
equal volume of saturated bromine-water. Evaporate to dryness and dissolve the 
residue in 5 ml. of 5% H 2 S0 4 . To 3 ml. of the solution add 1 ml. of the molyb- 
date-sulfuric acid solution, quickly followed by 1 ml. of the dilute stannous chloride 
solution. As little as 2 micrograms of Dhosphorus will produce a blue color; 10 
micrograms will give a strong blue color. If a blue color develops, reserve the 
remaining solution for quantitative estimation as described on p. 2144. 

CHLOROFORM-SOLUBLE POISONS 

The classical procedure for isolating acid, basic, and neutral organic compounds 
from body tissues and fluids is to extract the finely-divided materials successively 
with 50%, 90%, and absolute, alcohol, discarding the undissolved material after 
each extraction. The final, absolute alcohol, extract is evaporated to a syrup and 
the residue is dissolved in a little water. The water solution is then shaken with a 
series of immiscible solvents, first while acid, and later, after being made alkaline. 
This procedure takes much time and uses a large amount of alcohol. 

We have found 9 that chloroform extraction of the aqueous portion of the resi- 
due remaining after steam-distillation provides a very simple and much shorter 
method, which gives greater purity and a better yield of the compounds extractable 
by immiscible solvents. Most of the tissue lipids are eliminated by centriluging 
the hot residue from the steam-distillation, prior to separating the aqueous phase. 
This aqueous fraction and chloroform are placed in a large, flat dish, which is 
slowly tilted back and forth through an arc of about 6°. The gentle, continuous 
movement of the two thin layers facilitates equilibrium of dissolved materials, with 
almost no formation of emulsions. Stomach contents and urine may be extracted 
directly. The tilter may be driven by a geared-down electric motor, but a float 
moved by a slowly oscillating water level is much simpler and more easily con- 
trolled. 

Extraction Apparatus. Water-Driven Tilter.— This is shown in Fig. 42-2. A 
wooden platform, 11.5 inch square (I) is supported along its middle by a hori- 
zontal, free-moving shaft. An arm (2) extending from one end of the platform is 
attached to a vertical rod which ends in a cylindrical float (3) 2.5 inch high and 
2.5 inch in diameter. This float moves freely up and down inside a slightly larger 
metal cylinder (4) which is about 4.5 inch high and 3 inch inside diameter. A 
slow stream of water enters cylinder (4) near its base and leaves from an outlet on 
the opposite side through a short siphon. The outlet is a 1-inch length of five- 
eighths inch brass tube, placed about 1.5 inch above the bottom of cylinder (4). 
The siphon tube fits loosely inside the brass tube, with a short sleeve of rubber 
tubing making the joint water-tight. The glass siphon (5) has a vertical loop which 
rises above 1.5 inch above the outlet tube. At a point where the descending limb 
of this loop is level with the metal outlet tube, the siphon tube is bent at an 
angle of 135° to the plane of the loop, and the siphon tube ends about 2.5 inch 
below this point. When the flow of water through the inlet is less than the speed 
of flow through the siphon, this causes cylinder (4) to fill and empty intermittently, 
in the manner of a Soxhlet extractor. If the ratio of inlet flow is about half that 

9 Harger, R. N., and Forney, R. B., J. Pharmacol. Exptl. Therap., 98, 12, 1950. 
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of the siphon the float will rise and fall at a fairlj uniform speed If the flon 
through the inlet is too slow the siphon will not start and if too fast, the siphon 
stream will not break Breaking of the siphon stream is facilitated by the 135« 
angle and the short length of the tube beyond this point The siphon empties 
into a convenient drain 

The arc through which the platform tilts is controlled by a short metal arm ( 6 ) 



Tic 42 2 Water Dm en Tilting Extractor for Immiscible Solvents A Complete Assem 
1>1> 1 Tilting Platform 2 Aim Attached to Float 3 Float 4 Metal C)hnder 5 Glass 
Siphon 6 Short Arm Moving Between 2 Metal Stops 7 Locking Pin 8 \ertical Sprui" 
to Compensate for Shifts in Liquid B Enlarged View of Siphon C Enlarged View of 
Short \rm Moving Between Stops and Locking Pm D Suction Flask for Removing 
fluid La>ers 


which moves between two metal stops clamped to a vertical rod attached to the 
fast? <jf Cite apparatus A. iso attached to this vercicaf rod nr a sliding crrawJ pus 
which is used to lock the platform in a horizontal position when adding or re 
moving the liquid layers in the flat dish 

A flat weight is fastened to the lower side of the tilting platform near the end 
farthest from the float having a weight which will not quite balance the weight 
of the metal arm and float 

To compensate for the shift in weight when the dish tilts and the liquids flow 
to one end of it a straight piece of rather stiff metal spring ( 8 ) is rigidly attache 
to the supporting shaft and vertical to the plane of the platform The lower 
portion of the spring is held in the slot of a movable arm which is clamped to one 
of the vertical supports holding the shaft bearing The tension formed by ben ing 
this spring may be varied by raising or lowering the movable arm containing 
slot When using more than one extraction dish the tension on this spring nms 
be increased 



SEPARATING AND DETECTING CERTAIN POISONS 2117 

The flow of water should be regulated so that the tilter makes from 6 to 10 com- 
plete excursions per minute, which represents a water flow of 1 to 2 liters per 
minute. Since a large portion of the chloroform used is recovered by distillation, 
the condenser for this purpose may advantageously be placed between the water 
supply and cylinder (4). 

Flat-Bottomed Dishes.— These should have an inside diameter of 8 or 9 inches, 
with rather shallow sides. Crystallizing dishes are satisfactory but somewhat expen- 
sive. Pyrex baking dishes No. 221 are cheaper and function quite well. Since 
they stack easily, two or three of them may be tilted at one time. Only one lid is 
needed during the extraction. 

Suction Flask for Separating Liquid Layers.— (Fig. 42-2, D). A 200-ml. Erlen- 
meyer flask is fitted with a 2-hole rubber stopper. One hole carries a glass U-tube 
bent at an angle of about 45°, one limb of which is about in. long and the 
other 6 or 7 in. long. The short limb extends through the rubber stopper for 
about three-fourths inch. The other stopper hole carries a straight glass tube about 
2 in. long. By applying gentle suction to the short tube, one can collect through 
the longer tube all of the chloroform layer following an extraction. To avoid 
using the mouth for this purpose, one should employ an ordinary atomizer bulb 
with the valves reversed. 

Separatory Funnels.— Pyrex, Squibb Type, 125 ml. (Corning No. G400) are satis- 
factory. Use water only for lubricating the stopcocks. 

Preparation of Samples for Extraction. Urine.— This may be extracted directly, 
using 50 to 100 ml. 

Stomach Contents.— A sample weighing 20 to 50 g. is used. If it is very viscous, 
water is added until it will flow freely. Direct extraction is then carried out. 

Tissues.— The flask containing the residue from the steam-distillation is re- 
weighed and the weight of its contents obtained by difference. A Hanson Diet 
Scale of 500 g. capacity is convenient for this purpose, since one may shift the dial 
to allow for the weight of the flask. If not still hot, the flask contents are again 
heated to boiling. The hot suspension is immediately transferred to a 250-ml. salt- 
mouth bottle and centrifuged at about 1200 r.p.m. for 5 minutes. This separates 
the suspension into a packed layer of tissue at the bottom, an aqueous layer, and 
a small layer of melted fat at the top. The aqueous layer, which usually com- 
prises about ttvo-thirds of the total material in the bottle, is then drawn off by 
means of the suction flask (Fig. 42-2, D) and weighed. Mouth suction is advised 
for separating this aqueous layer, and one should apply a faint pressure when the 
inlet tube penetrates the fat layer. The aqueous portion is now ready for ex- 
traction. 

Since the solid layer of packed tissue is mostly water, this means that the con- 
centration of any alkaloids or neutral compounds is about the same in the aqueous 
fraction as in the total residue from the steam-distillation. With barbiturates the 
concentration is much greater in the fat layer, but since this layer is usually a very 
small per cent of the total, the major part of barbiturates will be dissolved in 
water. 

Chloroform Extraction. Extraction at pH 9.— Place the fluid, usually measuring 
50 to 150 ml., in the extraction dish. While rotating the fluid in the dish, add 
strong ammonia water, dropwise, until a pH of approximately 9.0 is reached, as 
shown by tests with Hydrion paper. If the fluid becomes too alkaline, add the 
necessary amount of strong HC1. 
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Lock the tiller platform in the horizontal position and set the stops controlling 
the movement of arm (6) so that there is a space of about 7 mm between this am 
and each of the stops Place the dish on the locked platform and tilt the dish 
toward the operator b) placing a small block under the end of the dish opposite 
him SIowlv pour 100 ml of chloroform on the exposed part of the dish bottom 
so that it flows smooth!) beneath the aqueous fluid Remove the block cover the 
dish and center it on the platform Start the flow of water and withdraw die 
lock pin Regulate the water flow so that the siphon operates intermittentlv 
If the short arm (6) does not move the full distance between the two stops shift 
the dish sltghtl) to the left or right to produce proper tilting of the platform 

Operate the extractor for 30 minutes at a tilting speed of about 8 complete 
excursions per minute At the end of this time lock the platform in die hon 
zontal position tilt the dish forward b) means of the block and allots the two 
fluids to separate for a few minutes Using the suction flask remove the chloro- 
form lavcr emplo)ing the modified atomizer bulb for suction and pinching the 
connecting rubber tube before squeezing the bulb \\ ah a little practice one can 
complete]) remove the chloroform without bringing over more than a few ml of 
the aqueous portion 

Transfer the chloroform extract to a 125 ml Squibb separator) funnel having 
a well ground stopcock which is lubricated onl) with water Allow any water 
present to rise to the surface and filter the chloroform extract through a drv paper 
into a 300 ml Lrlenmevcr flask Return the water portion to the dish and repeat 
the txtrtction with another 100 ml of chloroform \t the end of 30 minutes of 
tilting sepaiatc the second chloroform extract and filter it into the flask containing 
the first extract Further treatment of the combined extracts is described in the 
section below 

Extraction at pH 6 —To the aqueous fluid in the extraction dish add strong 
HC1 dropwise until the fluid reaches a pH of about GO Extract tins fluid with 
100 ml of chloroform for 30 minutes separate the chloroform and filter it into 
a second 300 ml flask Save this extract for further operations described in the 
next section 

Treatment of Chloroform Extracts Extract from Aqueous Fluid at pH 90- 
Rccover most of the 200 ml of chloroform from the extraction at pH 9 using 
corks (not rubber stoppers) to connect the tube from the flask to the condenser 
1*1 ice two glass beads in the flask and distill until about 10 ml of chloroform 
rcmvin m the flask Do not heat to dryness Transfer the concentrated chloro- 
form extract to a 90 mm glass evaporating disli and use small portions of chloro 
form to rinse out the flask and add the rinsings to die dish Add 3 drops of con 
centrated HC1 to prevent loss of an) nicotine and evaporate to dr)»ess on the 
steam bath Note the quanta) and appearance of an) residue m the dish Tim 
residue represents an) alkaloids originall) present in the aqueous lajcr on the tihcr 
except part of the morphine plus most of an) barbiturates in this lajcr 

\\ ith the dish still warm, add 5 drops of concentrated HCl, rotating the dish 
to moisten the inner surface wuh die acid Add about 15 ml of water and heat 
on die steam bath for 15 minutes, stirring occasionally with a short glass too 
Place the dish in a la)er of ice water for about 5 minutes in order to solidif) an) 
fat droplets present These droplets will usually adhere to the sides of the dis 
so that the fluid ma; be separated b) decantation . 

Select a GO ml Squibb separatory funnel with a well ground stopcock Lu n 
cate this stopcock with water only Decant the fluid in the dish into the * f P arJ 
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tory funnel and rinse die dish with two 1-ml. portions of water, adding the rinsings 
to the funnel. Shake the liquid in the funnel with an equal volume of ether. 
Drain the aqueous layer into a small flask, pour the ether portion back into the 
evaporating dish and evaporate it. If a noticeable residue remains in die dish, 
repeat the extraction with ether and evaporate this second ether extract in die 
same dish. Place 1 ml. of water in the separatory funnel, stopper and shake, and 
add this to the acid solution in the flask. 

Rinse the separatory funnel and its stopcock joint with distilled water, to re- 
move all traces of acid. Return the aqueous solution to the separator)’ funnel and 
add strong ammonia water, dropwise, until a pH of about 9.0 is reached. Shake 
out twice with 10-ml. portions of chloroform. Pass the chloroform extracts through 
a small dry filter, collecting the filtrate in a weighed glass evaporating dish. Add 
2 drops of concentrated HC1 and evaporate to dryness. Record the weight of any 
residue obtained and observe its appearance. Save it (Fraction A) for the quali- 
tative tests for alkaloids described in the following section, and for quantitative 
determinations listed in the section. Alkaloids, on pp. 2124 and 2125. 

Extract from Aqueous Fluid at pH 6.O.— Distill off most of the chloroform from 
this extract and transfer the concentrated extract to the dish containing the ether 
soluble extract from the preceding section. Evaporate to dryness, cool, and ob- 
serve any residue in the dish. Barbiturates, if present in appreciable amounts, 
frequently crystallize at this point. 

To remove any fat which may be present, use the method of Cheramy and 
Lagarge. 10 To the contents of the dish add about 5 ml. of strong ammonia water 
and 20 ml. of water. Heat on the steam bath for 15 minutes, stirring at intervals 
with a short glass rod. Transfer the hot fluid to a weighed Erlenmeyer flask and 
record the weight of fluid. At once, add 5 ml. of 10% BaCl,-2H 2 0 solution, 
stopper the flask, and shake well. Any fat present will precipitate as barium soaps 
plus fat. Filter, while still hot, through a small fluted paper. The material usually 
filters rapidly, giving a clear filtrate. Collect the filtrate in a weighed flask and 
record its weight, which represents an aliquot of the total including the barium 
chloride solution added. 

Re-wash the separatory funnel and transfer the filtrate to it. Add concentrated 
HC1 dropwise until the fluid is distinctly acid to litmus. Allow to cool somewhat, 
and extract twice with 10-ml. portions of ether. Pass the ether extracts through 
a dry filter paper and evaporate to dryness in a weighed glass dish. Record the 
weight of any residue obtained and note its appearance. Save it (Fraction B) for 
tests for barbiturates, etc., given on p. 2122, and in the section on p. 2130). 

QUALITATIVE TESTS FOR COMPOUNDS EXTRACTABLE 

BY CHLOROFORM 

ALKALOIDS: GENERAL PRECIPITATION TESTS 

Preparation of Solution .— Dissolve the residue in the weighed dish containing 
Fraction A in dilute HC1, stirring well to complete solution. Add ammonia water 
dropwise to give a pH of about 9.0; extract twice with chloroform, and make up 
the total extract to a volume of 25 ml. Use small aliquots of this (Solution A) for 
the tests below. 

io Cheramy, P., and Lagarge, J., J. pharm. chim. (8) 12, 366, 1930; Chem. Abs., 25, 894, 
1931. 
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Reagents —There are man) alkaloid precipitants They are not specific for 
alkaloids but a negative result usually rules out toxic quantities of most alkaloids. 
Three precipitants are listed 

Phosphotungslic Acid Dissolve 20 g of sodium tungstate and H g of disodium 
phosphate in 100 ml of water and add concentrated HNO a until the solution a 
distinctly acid to litmus 

signers Reagent This is 0 I \ iodine in 1 8% kl prepared as usual 
Silicotungstic Acid —Dissolve 10 g of the compound in 100 ml of water 
Procedure Take 5 mV of the Solution A and shake with 3 ml of distilled water 
to remove traces of ammonia which will interfere with the test for nicotine Filter 
the chloroform layer through a dr) paper into an evaporating dish Shake the 
aqueous layer with 3 ml of chloroform and filter the chloroform into the dish 
Add I drop of concentrated HC1 to the dish and evaporate the contents todnnevs 
Dissolve the residue in 3 ml of 0 1 \ HC1 

1*1 ice 0 5 ml portions of the HCl solution in three narrow test tubes In one 
idd 1 drop of the phosphotungstic acid solution and to the second add 1 drop of 
\\ igncrs reagent The absence of a turbidity or precipitate in both tests imnlh 
rules out alkaloids If these arc negative one can omit the later tests for dkilo I 
except those for nicotine strvchmne tnd morphine 

I o the third tube atld 1 drop of the siluotungstic acid solution \icotme gnei 
a white turbidity later becoming crystalline 

Save the remaining HCl solution for certain later tests 

STRYCHNINE 

Tailing Purple Test— Place 2 ml of Solution A in a small porcelain evaporating 
dish having a round bottom and evaporate to tlrvncss Add 0 j ml of concemrucl 
(PH SO., and stir with a gl iss rod to effect solution \dd a small crystal o( 
K Cr O and rotate the dish to bring the acid in contict with the dichroinau 
Strychnine yields a play of colors blue violet purple orange 

Taste — \ppl> a few drops of the HCl solution used in the alkaloid prccipitati n 
tests to the tip of the tongue Strvchmne gives an intensely bitter taste which 

persists for at least 15 minutes Quinine also tastes bitter but the degree is mud 

less and the acrid taste is soon gone Save the remaining solution for the Frog Test. 

Frog Test— Perform only if the Fading Purple and Taste Test above arc posi 
live Jo 0 o ml of the HCl solution used in the T iste Test add 0 1 ml of 0 M 
NaOH Obtain a lively frog weighing about one ounce While holding the 

iiumal by the hind legs inject 0 5 ml of this solution into the lymph sac immcih 

ttcl\ beneath the skin of the back it the root of the legs Place the frog in a 
large closed glass jar moistened with water and obsersc for one hour One micro 
„ram of strychnine per gram of frog will usually produce typical convulsions wtihm 
30 minutes with the frogs hmd legs kept rigidly extended 
Extraction by Chloroform from / 0 N HCl —Unlike most alkaloids except heroin 
strychnine is extractable from 1 0 A HCl by chloroform the distribution ratio 
being about 55 45 for 1 0 \ HCl chloroform J The corresponding ratios fit 
p!I 2 pH 3 and pH 4 are respectively 07 3 97 3 and 73 27 Thus shaking 
10 ml of 1 0 \ HCl containing strychnine with 20 ml of chloroform will tuns « 
ibout 63^ of the strychnine to the chloroform phase Tins projaerty may be use 
to sep irate strychnine from many other orgtnic bases including quinine (Itr ® r j I j 
only if the original chloroform solution gave the fading purple reaction) 
o ml of pure chloroform to 1 ml of Solution A above and shake with 3 m ® 
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1.0 N HC1. Filter the chloroform layer, evaporate to dryness, and try the Fading 
Purple Test with the residue. This residue should still give a positive reaction. 

MORPHINE AND DERIVATIVES 

Marquis Test. Reagent.— To 3 ml. of concentrated C.P. H 2 S0 4 add 2 drops of 
U.S.P. formaldehyde solution and mix. 

Procedure.— In a small round-bottomed porcelain dish place 2 ml. of Solution A 
and evaporate to dryness. To the residue add 2 drops of Marquis reagent. 
Morphine and heroin give a red color, changing to violet and then to blue. 
Codeine and dilaudid yield a violet color, but no initial red. Amphetamine and 
phenylethylamine give an orange precipitate. 

Separation of Heroin.— hike strychnine, heroin is extractable by chloroform from 
1.0 N HC1 solution, the distribution ratio being about 60:40 for 1.0 N HClichloro- 
form. Evaporate 2 ml. of Solution A to dryness and dissolve the residue in 5 ml. 
of 1.0 N HC1. Shake out twice with 10-ml. portions of chloroform. Filter the 
combined chloroform extracts through dry paper and evaporate to dryness in a 
small porcelain dish. A typical color reaction with Marquis reagent indicates 
heroin. Save the aqueous portion for the following test. 

XotE.— If heroin is found to be present, extract the aqueous poition a third time with 
chloioform to remove final tiaces of this alkaloid. 

Separation of Codeine.— At pH 6.0 the water:chloroform codeine partition ratio 
is 40:60, while that of morphine is about 98:2. To the aqueous portion from the 
preceding section add 2 g. of sodium acetate crystals, and shake to give a pH of 
approximately 6.0. Extract twice with two volumes of chloroform. The residue 
from the evaporated chloroform extract should give a positive Marquis reaction 
if codeine is present. Save the aqueous portion for the next test. 

Separation of Morphine.— At pH 9 the partition ratio of morphine between 
water and a 9:1 mixture of chloroform and ethanol is 51:49. 

To the aqueous fraction from the preceding section add, dropwise, a strong 
ammonia solution to give a pH of about 9.0. Extract twice with two volumes of 
the 9:1 chloroform-ethanol mixture. Evaporate the chloroform-ethanol extract and 
test the residue with Marquis reagent. Morphine, if present, will give its typical 
color reaction of red, violet, and blue. 

COCAINE 

Taste Test.— In the taste test (see under Strychnine, p. 2120) the presence of 
cocaine will produce numbness of the treated end of the tongue, and of the lips. 

Formation of Picrate.— To the HC1 solution remaining from the frog test for 
strychnine, add some saturated aqueous picric acid solution. If crystals form, 
examine them under the microscope and compare with the crystals formed by 
treating a weak, known solution of cocaine with picric acid. 

ATROPINE 

Vital i’s Test.— Place in a round-bottomed porcelain dish 2 ml. of the Solution A 
and evaporate to dryness. To the residue add 2 drops of fuming HN0 3 and again 
evaporate to dryness. Cool, and add 2 drops of a freshly-prepared, strong solution 
of KOH in 95% alcohol. Atropine produces a marked violet color, soon changing 
to red, and then fading. 
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MCOTINE 

(See Precipitation Tests above) If silico tungstic acid produced a white precipi 
tate this suggests nicotine 

Procedure — Ev aporate 1 ml of Solution A to dryness Add a drop of ammonia 
solution and heat on the steam bath for 30 minutes This should volatilue aiy 
nicotine and 0 1 N HC1 washings from the dish should no longer yield a white tur 
bidity on adding sihcotungstic acid solution 

£t//\/A£ 

Procedure —The residue left on evaporating 1 ml of Solution A is dissohed in 
2 ml of 5% H 2 S0 4 If quinine is present the resulting solution will exhibit a 
strong blue fluorescence under ultraviolet light 

CAFFEINE 

While caffeine is not a poison it is often present in stomach contents and will 
appear in the alkaloid fraction 

Murexide Test —In a round bottomed porcelain dish place 1 ml of Solution 1 
and evaporate to dryness To the residue add 2 drops of concentrated HC1 and a 
tiny crystal of h.C10 3 Again evaporate to dryness On moistening this residue 
with strong ammonia solution a bright purple red color is formed if cafieine n 
present 

ACONITINE 

In the taste test (see under Strychnine p 2120) aconitine will cause a peculiar 
tingling and numbing sensation of the tongue and lips 

If the beating exposed heart of a frog is moistened with an extremely dilute 
solution of aconitine the heart will stop with the ventricles contracted 

BARBITURATES ASD OTHER ACIDS— GE\ ERA L TESTS 

Preparation of Solution —Dissolve the ether soluble extract in its dish (Fraction B 
p 2119) in ether transfer to a glass stoppered cylinder and make up to 2 o ml 
(Solution Ii) Use small aliquots of tins solution for the following qualitative tests 

Reaction with Millans Solution Reagent —Weigh 20 g of metallic mercury and 
transfer to a flask PI ice the flask in a fume hood and add 14 ml of concentrated 
HNO, Allow to react until the evolution of brown fumes ceases Dilute with 
20 nil of water and allow any remaining mercury to settle Transfer die aqueous 
fluid to a glass stoppered bottle 

Procedure —Place 2 ml of Solution B in a small round bottomed dish and evapo- 
rate to dryness Add 05 ml of water and heat on the steam bath for 2 muiutis 
While still hot transfer 1 drop of the water extract to the center of a small vvatd 
glass Place a drop of the Millon s reagent on the glass close to the first dmp 
Slowly tilt the glass to merge the two drops If barbiturates are present a white 
turbidity will appear at the junction of the two drops and the turbidity will dis 
ippear when an excess of the Millon s reagent mixes with the other fluid This is 
a very sensitive test If it is negative toxic amounts of barbiturates are not present 

Zuikker Test 11 Reagents Cobalt hitrate Solution — DissolveO 5 g of Co (Is 
6H 2 0 m 50 ml of absolute ethanol and store in glass stoppered bottle ,s 
solution keeps well 

ii Zvvikker j J L Pharm Wcekbl 68, 975 1931 Chem Abs 26, 395 1932 
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Alcoholic KOH.— Warm 0.5 g. of KOH pellets in 50 ml. of absolute ethanol until 
solution is complete. Cool, and store in a rubber-stoppered bottle. 

Procedure.— Evaporate 2 ml. of Solution B and dissolve the residue in 3 ml. of 
absolute ethanol. Transfer 2 ml. of the solution to a small test tube and, while 
shaking, add 0.2 ml. of the cobalt nitrate solution followed by 0.2 ml. of the KOH 
solution. Most barbiturates yield a deep blue color, which fades somewhat in 5 
minutes. The limit of sensitivity is about 0.1 mg. of barbiturate per ml. of the 
ethanol solution used. Thio-barbiturates do not respond to diis test. 

DIFFERENTIAL TESTS FOR BARBITURATES 

Modified Ekkert Test.— Evaporate 2 ml. of Solution B in a porcelain dish. Add 
2 ml. of concentrated H.,S0 4 . Stir and heat on the steam bath for 5 minutes. Add 

2 drops of U.S.P. formaldehyde and mix slowly. Phenobarbital gives a pink color, 
changing to a mahogany shade. Amytal, pentobarbital, and several other barbitu- 
rates yield a yellow color. Barbital, ortal and neonal, give no color. 

Permanganate Oxidation. 1 -— Evaporate 2 ml. of Solution B and dissolve the 
lcsidue in 3 ml. of 0.1 N NaOH. Add 0.5 ml. of 0.05 N KMn0 4 (1.58 g. per 1.) 
and mix. Unsaturated barbiturates, such as seconal, dial, and alurate, give an 
immediate green color, later changing to yellow-brown. As little as 0.1 mg. of 
these barbiturates will yield a greenish-purple. 

Melting Point.— The barbiturate residue should usually be purified, preferably 
by sublimation. Evaporate in a tiny lipless beaker enough of Solution B to yield 
about 1 mg. of the baibiturate. Cover the beaker with a small watch glass and 
heat the beaker on the block of a thermostatically-controlled melting point appa- 
ratus, keeping a little water in the watch glass. Start with a temperature of about 
150° and gradually increase the block temperature until sublimation begins, and 
maintain this temperature. Place a few crystals of the sublimate on a microscope 
cover slip and determine the melting point. Sublimation may also be performed 
by evaporating the ether solution in a 16-mm. solt glass test tube, using a current 
of air drawn past the surface of the ether by means of a glass tube clamped so that 
it is held about one-fourth inch above the liquid, and then heating the test tube 
in a paraffin bath fitted with an asbestos board cover, with the test tube connected 
to a good mechanical vacuum pump. When the sublimate has collected on the 
part of the tube above the asbestos board, the tube is removed, wiped clean, and 
the portion below the sublimate cut off by means of a hot Nichrome wire. 

Most barbiturates, if present in Fraction B, will crystallize in time. Seconal is 
an exception; it practically always remains an oil. However, on flowing CHC1 3 
vapor over this oil, its surface will show transient crystallization, probably due to 
formation of an unstable seconal-CHCl 3 double compound. 

SALICYLIC ACID 

In poisoning from aspirin or methyl salicylate the body will contain large amounts 
of salicylates, which will be found as salicylic acid in die extract containing die 
barbiturates. 

Color with Ferric Iron. Reagent.— Dissolve 1 g. of Fe(N0 3 ) 3 < 6Ho0 in 100 ml. 
of water and add to die solution 0.5 ml. of concentrated HN0 3 . 

Procedure.— Evaporate to dryness 2 ml. of Solution B. Warm the residue with 

3 ml. of water to effect solution. Cool, and add 1 drop of die ferric nitrate reagent. 
Salicylic acid yields a purple color. 

12 Hargreaves, G. W., and Nixon, H. W„ J. Am. Pharmaceut. Assn., 22, 1250, 1933. 



QUANTITATIVE DETERMINATION OF 
CERTAIN POISONS 


If the qualitame tests described in the last section did not meal any poison 
quantitame analyses for any of the poisons listed in that section are usually not 
indicated With lead, no qualitame test was gnen and if lead poisoning « sus- 
pected the analyst should conduct the quantitajne procedure Howeser, ue 
should mention that traces of lead, arsenic and mercury are usually present in body 
materials from normal people, so the finding of such traces means nothing 

Most of the quantitatne procedures described in this section imohe the used 
spectrophotometric measurements Besides knowing how to operate these instru 
ments the analyst should clearly understand transmittance (transparency) and oj>- 
lical density (O D), the relation between the two, and the formula for calculating 
concentration of the unknown from its O D and the OD of the standard used 
To obtain best analuical results the concentration of the compound employed 
should gi\e a transmittance between 25% and 80%, le OD \alues between ap 
proximately 0 60 and 0 10 respectnely Where a wsible color is used for the 
determination an ordinary photoelectric colorimeter operating between 400 and 
800 mu may be employed 

The poisons for which quantitame procedures are presented in this section are 
listed alphabetically with Alkaloids and Barbiturates each corering a group d 
compounds 


ALKALOIDS 

PRELIMINARY APPROXIMATION 

Where no alkaloid is present in the 50 g sample of body material which mo* 
carried through the procedure described in the last section, the weight of Fraction I 
is usujlly only about 0 5 to 2 mg If the qualitame tests indicate a gnen alkaloid 
the weight of Fraction A in excess of 1 or 2 mg may gne a rough estimate of the 
quantity of alkaloid present This applies particularly to stomach contents wlicie 
many milligrams of alkaloid may be recovered if death occurred soon after ingestion 
of the poison 

Some further idea of the quantity of alkaloid piesent may be obtained from the 
intensity of the color reactions, the yield from precipitation tests, and the degree 
of biological effects such as taste and frog tests with strychnine, when these results 
are compared with the results obtained by subjecting rarying known amounts o 
the alkaloid to these tests 

ULTRAVIOLET SPECTROMETRIC ANALYSIS * 4 5 

Alkaloids, like many other organic compounds exhibit strong light absorption 
in the ultrauolet region Thus, the O D of a 1 mg per cent solution of strychnine, 
at warelength 255 ny*, exceeds the OD of the same concentration of KMnOj 3 
2124 
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the visible wavelength 520 m/t. These two wavelengths are the points of maximum 
light absorption for the two compounds. If we plot the O.D. of a given concen- 
tration of strychnine against wavelength in the range from 220 to 350 mu, we 
obtain a curve which is typical for this compound. If the strychnine is dissolved 
in 0.5 N H 2 S0 4 , its O.D. curve has a maximum at 255 m/i and a minimum at 
230 m/t. The other alkaloids behave similarly, each giving its characteristic curve. 
When dissolved in 0.5 N H 2 S0 4 , the alkaloids mentioned in the section on chloro- 
form-soluble poisons exhibit the following m/t wavelength maxima and minima, 
respectively: aconitine: 200, — ; caffeine: 272, 247; cocaine: 233, 225; codeine: 286, 
258; heroin: 280, 253; morphine: 285, 262; nicotine: 259, 230; quinine: 250, 230; 
and strychnine; 255, 230. With some of the alkaloids the curve has more than one 
hump, giving additional maxima and minima. 

Apparatus .— The Beckman DU quartz spectrophotometer is widely used for this 
type of analysis. The cells for holding the fluid are made of fused silica with 
transparent windows, and have an internal, horizontal cross section of 1 cm. Cells 
of ordinary glass cannot be used for work in the ultraviolet range. 

This type of spectrophotometer, equipped with an automatic recording device, 
saves much time in plotting the O.D.-wavelength curve of the solution being tested. 
However, this curve can be obtained with the Beckman DU instrument, but the 
100% transmittance of the control fluid must be re-set for each change of wave- 
length. 

Procedure .— Measure an aliquot of Solution A estimated to contain about 0.2 mg. 
of the alkaloid indicated by the qualitative tests. Evaporate to dryness, dissolve 
the residue in 3 ml. of 0.5 N H 2 S0 4 , and make up to 5 ml. with the acid. (If 
nicotine is the alkaloid, add 1 drop of concentrated HC1 before evaporating to 
dryness.) Place about 3 ml. of this acid solution of the alkaloid in one of the 
silica cells, and in a second cell place 3 ml. of the 0.5 N H 2 S0 4 . Set the wave- 
length of the instrument at the point ol maximum absorption for this alkaloid, 
which is given above. Adjust the transmittance of the cell containing the control 
to 100%, and read the O.D. of the unknown. Calculate the concentration of the 
alkaloid in the unknown by comparing its O.D. with an O.D. curve made by read- 
ing a series of standards containing 2 to 20 micrograms of the alkaloid per ml. of 
0.5 N H 2 S0 4 . 

For further identification of the alkaloid, read the unknown at the minimum 
point of the O.D.-wavelength curve for the alkaloid, and also take readings with 
the wavelength set about 5 m/t on each side of the maximum of the O.D. curve 
for the alkaloid. While the complete O.D. curve is not absolutely essential, it does 
furnish valuable identification evidence. 

DETERMINATION OF MORPHINE IN URINE 

If morphine is present in urine or tissues, a large portion of the alkaloid is com- 
bined, mostly with glucuronic acid, which compounds are not extractable in the 
immiscible solvents used. In the method for tissues described in the section begin- 
ning on page 2110, the heating with tartaric acid during the steam-distillation will 
free most of the morphine from the combined state. In analyzing urine for mor- 
phine one must first hydrolyze any morphine compounds present. 

Procedure .— To 50 ml. of urine add 5 ml. of concentrated HC1 and autoclave 
at 15 lbs. pressure for 30 minutes. Cool, and adjust die pH to about 8.2 by the 
di op wise addition of 40% NaOH and testing with Hydrion paper. Add- 25 ml. of 
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benzene and 25 ml of jsobutanol and agitate in a mechanical shaker for 15 minutes 
Allow the la)ers to separate and discard the aqueous layer To the benzene 
isobutanol layer add 10 ml of 0 1 N HCl and shake for 15 minutes 

Aliquots of the acid layer may be evaporated to dryness and the residue tested 
for morphine by the qualimive procedures listed above (pp 2119-2123) Theresi 
due from another aliquot may be dissolved in 05 A' H 2 S0 4 and read in the spectro- 
photometer as described above However, unless the urine contains much mor 
plune, other extractives will interfere with the spectrophotometnc analysis and the 
qualitative tests To separate the morphine from other extractives one should use 
paper chromatography or paper lonophoresis Since a clear description of these 
two procedures is beyond the scope of tins chapter, the reader is referred to Chapter 
9, of this work and other publications * s which deal adequately with these 
methods 

SEPARATION OF MIXED ALKALOIDS 

Fortunately, most cases of alkaloid poisoning involve but one compound but 
occasionally mixed alkaloids are encountered Here the qualitative tests may help 
but the best solution is to use paper chromatography or paper lonophoresis, run 
ning parallel control spots of known samples of the suspected alkaloids 

ARSENIC 

METHOD OF RAMBERG AND SJOSTROM 13 

Body tissues or fluids are completely wet ashed with HNO s and H_S0 4 and any 
remaining HNO a is destroyed by digesting with aqueous ammonium oxalate leav 
mg arsenic in the pentavalent state After diluting with water, concentrated HCl 
hydrazine sulfate, and a little bTomide are added The resulting AsCij plus much 
of the HCl, are distilled and absorbed in water A trace of methyl orange is added 
to the distillate, and the AsCI 3 in it is titrated with kl>r0 3 The methyl orange 
will be decolorized at the moment excess bromate is added 

Apparatus — This apparatus assembled for distillation, is shown in Tig 423 
The 300 ml Pyrex kjeldahl flask is connected to the air condenser by a 29/42 
standard taper joint The receiver is a 200 ml Erlenmeyer flask with file markings 
indicating volumes of 150 ml and 175 ml The receiver is cooled in a beaker 
containing water A stream of water enters the beaker at one side and leaves on 
the opposite side through a constant level siphon 

Note— lor analyzing small samples we use a 100 ml kjeldahl flask with 19/30 standard 
taper joint and a proportionally smaller air condenser The tecetvcr flask has a capacity 
of 125 ml , or 50 ml and is graduated at one half or one fourth of the volumes used for 
the large apparatus 

Reagents — All reagents must be arsenic free. 

Sulfuric Acid, CLP. 

Nitric Acid, C.P. 

Hydrochloric Acid, C.P. 

Ammonium Oxalate Solution.— Dissolve 20 g of cp. ammonium oxalate in 500 
ml of water. 

Ji Ramberg, L, and Sjostrom G Report of Swedish Arsenic Commission Sec 8 1919 
(In Swedish), Brahme, L , Acta Med Skandinav , Suppl V, 67, 1923 
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Hydrazine Sulfate.— Eastman No. 575 has proved satisfactory. 

Potassium Bromide Solution.— Dissolve 5 g. of KBr in water and make up to 
50 ml. 

Potassium Bromate Solution.— Dissolve 0.1485 g. of c.p. KBr0 3 in water and make 
up to 1 liter. One ml. is equivalent to 0.2 mg. of As (element). 



Fig. 42-3. Assembly for Distillation of Arsenic as AsClj: A, Kjeldahl Flask, 300-ml., or 
100-ml.; li. Air Condenser; C, Receiving Flask; D, Constant Level Siplion. 

Methyl Orange Solution.— Dissolve 0.1 g. of methyl orange in 20 ml. of water 
plus 1 ml. of 10% NaOH, using heat if necessary. Dilute to 100 ml. and mix. 
Filter if any sediment is present. 

Procedure— (All digestions must be conducted in a fume hood!) 

In a 200-ml. casserole place 10 g. of tissue or stomach contents, or 50 ml. of urine. 
Add 15 ml. of concentrated HNO a and heat on the steam bath with stirring until 
the evolution of nitrogen oxides ceases and the contents of the casserole have a 
clear yellow color. It may be necessary to add more HNO s during this process. 
With urine, the fluid should be evaporated almost to dryness. When the reaction 
ceases and the casserole contents have a clear, yellow color, slowly add 20 ml. of 
concentrated HoS0 4 . If the fluid in the casserole turns dark, add more HN0 3 , 
about 1 ml. at a time, and continue to heat on the steam bath until the fluid again 
has a clear, yellow color and does not darken on heating for 5 minutes on the 
steam bath. 
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Transfer the contents of the casserole to the kjeldahl flask washing out the last 
portion with a little water and adding it to the flask Add 2 glass beads to the 
flask Digest the contents of the Kjeldahl flask over a low flame When the v ater 
and excess HN0 3 are boiled away the flask contents will probably turn dark 
Immediately remove the flame and cautiously add HN0 3 in portions of about 
0 5 ml until the hot contents of the flask have changed to a dear yellow color 
Continue the alternate heating and addition of HNO s until the flask contents no 
longer turn dark when they are heated to the point where fumes of S0 3 are evolved 
Then boil gently for 15 minutes If further darkening of the flask contents occurs 
additional 0 5 ml portions of HNO a must be added and the digestion continued 
until there is no darkening on digesting the flask contents for 15 minutes The 
flask contents should now be clear and colorless except for a trace of yellow due 
to iron 

Mlow the flask contents to cool in air for 10 minutes and then hold the flask in 
running water to cool to room temperature By means of a pipet slowly add 
25 ml ol the ammonium oxalate solution shaking the flask during this time Ths 
will cause evolution of nitrogen oxide fumes Boil the flask contents until all of 
the w iter is evolved and fumes of S0 3 appear Reduce the flame and boil gently 
for 15 minutes Again cool the flask in air for 10 minutes and then in running 
water Next introduce 20 ml of water by means of a pipet so that it washes dovn 
the mouth and neck of the flask Mix by shaking and cool in running water to 


room temperature 

Clamp the air condenser in the position shown in Fig 42 3 Place in the receiv 
ing flask 150 ml of water and support the flask and beaker so that the condenser 
lube dips about one fourth inch below the surface of the water Mount the inlet 
tube and outlet siphon on the beaker Attach the drain tube of the siphon to a 
water cock and run in water to fill the siphon and partly fill the beaker pinching 
the small rubber tube at the top of the siphon Connect the siphon outlet tube 
to a convenient drain Start the water flow into the beaker and adjust the height 
of the siphon jacket so that the water level in the beaker is about even with the 
175 ml mark on the receiving flask but not high enough to float the flask 

riame the neck of the Kjeldahl flask until its interior is dry and allow it to cool 
Add to the Kjeldahl flask 1 g of solid hydrazine sulfate 50 ml of concentrated 
HC1 and 0 5 ml of the KBr solution avoiding wetting the ground joint of the 


flask with the fluids Mix the flask contents by gentle shaking and at once connect 
the flask to the air condenser Seal the ground joint by placing a drop of conceit 
tratecl H S0 4 at the top of the joint Start the distillation using a flame about 
2 in high and continue the distillation until the contents of the receiving flask 
reach the 175 ml mark This usually takes about 10 minutes During the distil 
lation the support holding the beaker should be lowered at intervals so that the 
air condenser tube never projects more than about one fourth inch below the sur 
face of the fluid in the receiver to avoid serious back suction of the fluid from 
the receiving flask When the 175 ml mark is reached quickly lower the beaker an 


receiving flask and turn off the flame 

Transfer the distillate solution to a 200 ml volumetric flask add 6 ml con 
centrated HC1 and make up to the mark with water Take 10 ml of this solution 


and pass H 2 S into it to give a rough idea of amount of arsenic present 
For the titration with KBr0 3 use one half of the distillate solution unless a 
distinct yellow color or precipitate resulted from the test with H 2 S In this even 
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use 50 ml. of the distillate solution. Use a 5-ml. micro-buret for the titration. 
Warm the fluid to be titrated to about 60° and add one small drop of the methyl 
orange solution. Run in the bromate solution slowly. When the end point is 
almost reached, as shown by the partial disappearance of the methyl orange color, 
add the bromate 1 or 2 drops at a time, waiting 15 seconds between additions. 
In tin’s way a single drop of the bromate solution will complete the decolorization 
of the methyl orange. Run a complete blank with distilled water, using approxi- 
mately the same amount of nitric acid required to oxidize the sample of body 
material analyzed. 

Calculation.— Since 1 ml. of the bromate solution oxidizes 0.2 mg. of trivalent 
arsenic, then: 

(ml. of bromate used for the unknown 

— ml. of bromate used for the blank) X 0.2 = mg. of As (as metal) 

in the aliquot titrated. With good reagents, the blank titration should not exceed 
0.2 ml. of the bromate solution. 

GUTZEIT METHOD 

Analysis by the Gutzeit method of a portion of the distillate solution remaining 
after the bromate titration serves admirably to check the accuracy' of the latter 
procedure for arsenic. 

Apparatus. Reaction Bottle.— Use a 2-oz. wide-mouthed glass bottle, fitted with a 
1 -hole rubber stopper. 

Guard Tube.— This is a straight calcium chloride-type tube, with the enlarged 
portion about 16 mm. x GO mm. 

Tubes for Gutzeit Papers.— Obtain glass tubing having an inside diameter of 
about 2.8 mm. Cut in I20-mm. lengths and flame the ends. Clean, dry, and store 
in a stoppered test tube. 

Gutzeit Paper Strips.— Hanford-Pratt sheets of machine-cut strips are excellent. 
As cut, they are double the length required for an analysis. 

Reagents. Mercuric Bromide Solution.— Dissolve 10 g. of HgBr„ in 200 ml. of 
95% ethanol. 

Lead Acetate Solution.— Dissolve 25 g. of lead acetate in 500 ml. of water and 
add 1 ml. of glacial acetic acid. 

Copper Sulfate Solution.— Make up, 5% in water. 

Zinc Metal.— Baker & Adamson's arsenic-free zinc shot functions well. 

Cotton Impregnated with Lead Acetate.— Obtain a 6-in. square of good absorbent 
cotton. Immerse it in the lead acetate solution and squeeze out the excess of liquid. 
Spread the cotton out flat, peel off thin layers, and tear them into two-incli fluffy 
pieces. Store these pieces in a rubber-stoppered, wide-mouthed bottle so they will 
remain moist. This material will keep well. 

Impregnated Gutzeit Strips.— Cut a Hanford-Pratt sheet in half, crosswise. Take 
one of the halves and make it into a roll and slip it into a large test tube. Cover 
it with the HgBr 2 solution for 30 minutes. Pour the fluid back in the bottle, re- 
move the sheet, and blot lightly between filter papers. Hang for 3 minutes in an 
oven heated to about 80°C. Cut the strips from the solid portion and store in a 
cork-stoppered test tube. These impregnated strips will remain active for 6 months. 
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but their sensitivity decreases with tune For this reason strips from a gnen batch 
should be used for both unknown and standards 

Arsenic Standard — eigh out 0 373 g of cp As_0 3 Place m a flask and warm 
with 10 ml of 20% NaOH until dissohed Transfer to a 500 ml \olumetnc flail 
and dilute with 400 ml of water Add 15 ml of concentrated HC1 make up to 
oOO ml and mix One ml contains 1 mg of As (dement) Dilute 1 100 for 
working standard 

Procedure — Place in the reaction bottle an aliquot of the distillate solution con 
taming 20 micrograms of arsenic as calculated from the bromate titration \dj 
sufficient 1 4 HC1 to give a volume of 40 ml and add 2 drops of the CuSO 
solution 

Fill the guard tube with cotton moistened with lead acetate solution Connect 
one of the narrow glass tubes to the large end of the guard tube b) means of a 
rubber stopper Push an impregnated strip into the narrow tube and bend a 
little of the top of the strip so it will slide no further down the glass tube In the 
same maimer prepare a second Gutzeit generator containing 20 micrograms of \i 
in 40 ml of 1 4 HC1 Weigh two la g portions of the zinc shot Add one portion 
of the zinc to a generator bottle and quickly close the mouth with the guard tube 
Gutzeit strip assembly Immediately do the same with the other generator Mlow 
the reaction to proceed for 30 nnnutes and compare the stains on the two Gutzeit 
strips If the bromate titration tv as correct the length and depth of the oran«e 
stains should be the same If the unknown shows less stain then the analvsis 
should be repeated using a series of standards in the neighborhood of the un 
known From the standard which matches the unknown one can easilv calculate 
the concentration of arsenic in the distillate solution 


BARBITURATES 

Tor the quantitative procedures use aliquots of Solution B which is made bi 
dissolving Fraction B in ether The weight of Fraction B is of course the maxi 
mum quantity of barbiturate present Where this fraction weighs more than 20 
mg it is frequently almost pure barbiturate 


MODIFIED METHOD OF KOPPWYI ET AL " 

Reagents Isoprop) lamme Solution —Dissolve 5 ml of isopropylamiiie in 9a ml 
of absolute methanol Stored in a refrigerator it keeps quite well 

Cobaltous Acetate Solution —Dissolve 0 5 g of Co(C H a O )_ 4HO in 50 ml of 
absolute methanol This solution deteriorates after about 2 weeks 
Procedure —Transfer to an evaporating dish an aliquot of Solution B represent 
mg 0 5 to 2 0 mg of the residue from Fraction B Evaporate to dryness and dtf 
solve the residue m 1 ml of CHC1 3 Pour this solution into a smdl test tube and 
rinse the dish with small portions of CHC1 3 to give i volume of exaetl) 2 ml w 
the test tube \dd 0 3 ml of the cobaltous acetate solution and 1 0 ml ot the 
isopropy lam me solution shaking the tube after each addition Compare thcOD 
with that of 2 ml portions of CHC1 3 containing 0 3 to 10 mg of the barbiturate 
thought to be present treated like the unknown Read the O D at wavelength 
j20 nvi 1 hiobarbuuratcs will not give tins reaction 


n koppami T Dille J W Murphv \\ S and krop S J \m Pharmaceut Assn 
23, 1074 1934 
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Calculation.— 

, . , , O.D. of unknown 

strength of standard X - — — - = strength of unknown 

O.D. of standard 

DIFFERENTIAL ULTRAVIOLET SPECTROMETRIC 
METHOD 3 - 4 - 5 

The O.D.-wavelength curve for most barbiturates is very different at pH 13.7 
(0.5 N NaOH) and at pH 10.3. If a given concentration of a barbiturate is read 
at 260 mu, the O.D. at pH 13.7 will be about four times as great as the O.D. at 
pH 10.3 and may be used to determine the weight of barbiturate present, as this 
procedure cancels out the effect of most other extractives. This differentia! method 
of Goldbaum 15 has proved very valuable in determining microgram quantities of 
barbiturates in the presence of appreciable amounts of other extractives. 

Reagents. Sodium Hydroxide, 0.5 Ah— This has a pH of about 13.7. 

Ammonium Chloride, Saturated Solution.— Warm 500 g. of NH 4 Cl with 1 liter 
of distilled water until solution occurs, and cool. The excess will precipitate on 
cooling, leaving a permanently saturated solution. When 0.5 ml. of this solution 
is added to 3 ml. of 0.5 NaOH a pH of about 10.3 results. This replaces the 
borate buffer previously used, and was developed by Abernethy and Curphey. 10 

Procedure.— Evaporate an aliquot of Solution B representing about 0.1 mg. of 
barbiturate. Dissolve the residue in 5 ml. of 0.5 N NaOH and read this in the 
spectrophotometer at wavelength 260 m/n To 3 ml. of this solution add 0.5 ml. of 
saturated NH 4 C1 solution. This gives a pH of about 10.3. Read this solution 
in the spectrophotometer at wavelength 260 m/i. Multiply the O.D. of the second 
reading by 3. 5/3.0 and subtract it from the O.D. of the first reading. Compare the 
difference in O.D. with a difference curve obtained by running standards of the 
barbiturate by the double procedure used for the unknown. Further evidence 
confirming the identity of the barbiturate is obtained by running the above pro- 
cedure with the unknown at wavelength intervals of 10 mu over the wavelength 
range of 230 to 280 m/x and comparing with tables for this differential analysis of 
various barbiturates. 4 ’ 5 

SEPARATION OF A MIXTURE OF BARBITURATES 

In cases of barbiturate poisoning one often encounters a mixture of barbiturates. 
While some separation can be secured by extraction with the aqueous phase at 
different pH values, this usually does not effect complete separation. As with 
alkaloids, the best procedure is to use paper chromatography or paper ionophoresis. 
The former method is well presented by Curry in a recent publication. 5 

BORIC ACID 

METHOD OF SMITH, GOUDIE, AND SILVERTSON 17 

In the presence of about 88% H 2 S0 4 , boric acid gives a red color with carminic 
acid, and the resulting color is determined photoelectrically. 

Reagents. Sulfuric Acid, Concentrated, C.P. 

15 Goldbaum, L. R., Anal. Chem., 24, 1605, 1952. 

io Abernethy, R. J., and Curphey, T. J., Personal communication. 

it Smith, 5V. C., C.oudie, A. J., and Silvertson, J. N., Anal. Chem., 27, 295, 1955. 
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Carmimc Acid in Concentrated EUSO.,.— Dissohe 50 mg of carminic acid « 
about 250 ml of concentrated H,S0 4 and store in a glass stoppered bottle Fisher 
No A 93 carminic acid is satisfactory 

Hydrochloric Acid, Approximately 6 0 2V — Mix equal tolumes of concentrated 
HC1 and water 

Lithium Carbonate, Anhydrous, C-P. 

Boron Standard Stock Solution —Dissohe 0 2203 g of cp crystalline Na,B 0 
10H 2 O in water and make up to 250 ml One ml contains 100 micrograms of 
boron 

Procedure —Place in a platinum crucible or small platinum dish approximately 
0 1 g of Li 2 CO s and add 2 ml of blood or 2 g of tissue Dry on the steam bath. 
Place m a muffle furnace, gradually raise the temperature to 650°C , and maintain 
at this temperature for 90 minutes, or until free from carbon Cool, and add 2 mL 
of the 1 I HC1 solution Stir to effect solution and pour into a 15 ml coma] 
centrifuge tube Centrifuge until clear 

Transfer 1 ml to a 20 x 150 mm boron free test tube Add 5 ml of concentrated 
H_S0 4 and 5 ml of the carminic acid solution Mix with a glass rod ending in a 
15 mm ring at right angle to the rod Coter the mouth of the tube with a small 
watch glass and allow to stand for 5 minutes Read in a photoelectric colorimeter 
set at watelength 575 mu Compare the optical density with the OD cun e ob- 
tained by running the entire procedure tilth 2 ml portions of water containing 
5 to 30 micrograms of boron 


CARBON MONOXIDE 

MODIFIED METHOD OF CHRISTMAN AND RANDALL” 

The blood is introduced into an exacuated bottle laked with water, and treated 
with acid femcxamde This forms brown methemoglobin and liberates CO and 0_ 
from combination tilth hemoglobin The etohed gases are transferred to anetani 
ated receiter containing standard PdCL solution The resulting reaction is 
CO + PdCl 2 + HjO = CO, + Pd + 2HC1 “ The weight of metallic Pd formed is 
determined bi analyzing the PdCl 2 solution before, and after, the reaction 

Apparatus {Fig 42 4) Reaction Bottle —A 4 oz wide mouthed bottle (l ) ts p 10 " 
sided with a well fitting 2 hole rubber stopper One hole of the stopper carries an 
inlet tube of 2 mm bore capillary glass extending almost to the bottom of the 
bottle and hating an 8 ml resenoir (2) and a capillary bore, stopcock (3) at the 
top The second hole carries an ell of capillary glass tubing with a bore of a&oof 
2 mm The tertical part of the ell should not project below the bottom of the 
stopper 

Receitmg Chamber— This is a pear shaped glass bulb of about 30 ml capacitt 
(4) To its upper end is sealed a short piece of 2 mm bore capillary tubing ending 
in a 2 way capillary bore stopcock (5) One hole of the stopcock communicates 
with a tertical, 6 ml resertoir (6) and the other with a glass ell of 2mm b°te 
capillary tubing A straight glass stopcock (7) is sealed to the lower end of e 
chamber . 

Rotating Cylinder —This is a metal cylinder (8) about 4 in long, with an ,ns ' e 
diameter of about 2 m Three pieces of flat spring are soldered to the outsi c 
of the cylinder wall These springs hate curted ends projecting inside the cjltn er 

*8 Christman, A A and Randall E L . J Biol Chem , 102, 595, 1933 
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through slots in its wall. The springs hold the reaction bottle firmly when placed 
in the cylinder. The cylinder is mounted coaxially to the end of a shaft, which 
rotates in two supporting bearings. A pulley on the shaft connects by a belt to 
the pulley of a gear from a small motor. 

Support for Rotating Receiving Chamber.— A wooden strip about 5 in. long is 
screwed to the metal bracket of a funnel support. Short, vertical pieces of wood 




Fig. 42-4. Apparatus for Determining Carbon Monoxide in Blood: 1, Reaction Bottle: 
2, Reservoir; 3, Stopcock; 4, Receiving Chamber; 5, 2-war Stopcock; 6, Reservoir; 7, Stop- 
cock for Draining Receiving Chamber; 8, Rotating Metal C\ Under, Holding Reaction 
Bottle; 9, Support for Rotating Receiring Chamber. 


arc nailed to the ends of the wooden strip. A slot, with rounded bottom, is cut 
in each of the vertical pieces. The receiving chamber (4) may be supported hori- 
zontally in these two slots, and is rotated by connecting its exit tube (7) through 
a short piece of rubber tubing to a slow-moving, horizontal shaft turned by a 
geared-down motor. 

Reagents. Ferricyanide Solution, 32%.— Dissolve 16 g. of K 3 Fe(CN) G , in wat el- 
and make up to 50 ml. It keeps well. 

Lactic Acid, Sp. Gr. 1.2. 

Acid Ferricyanide Solution.— Mix 5 ml. of the 32% ferricyanide solution with 
0.43 ml. of the lac tic acid. Make up as used. 
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Octyl Alcohol 

Standard Palladium Chloride Solution — arm 100 mg of cp PdCU with 30 ml 
of water plus 0 5 ml of concentrated HC1 When solution is complete dilute to 
100 ml in a volumetric flask It keeps well in a glass stoppered bottle 

Aluminum Sulfate Solution— Dissolve 2 g of A1 (S0 4 ) 3 9H O in 20 ml of water 

Potassium Iodide Solution— Dissolve 2 g of kl m 12 ml of water Prepare just 
before use 

Procedure —Moisten the rubber stopper with a little water and press it firmly 
into the neck of reaction bottle (1) Connect to the glass ell a short piece of pm- 
sure tubing provided with a screw pinch damp Evacuate the bottle with a good 
pump and close the pinch clamp Place 2 drops of octyl alcohol in reservoir (’) 
and admit the fluid into the bore of stopcock (3) Place 4 ml of water in reservo r 

(2) Select a good 2 nil Ostwald pipet with moderately thick tip and cover the 
Up with a sleeve of rubber tubing about three eighths inch long Shake the blood 
bottle to uniformly suspend the red cells and fill the pipet with the blood Insert 
the tip of the pipet into the reservoir (2) until the rubber sleeve makes a tight 
joint with the bottom of the reservoir Carefully open stopcock (3) and draw the 
blood into the bottle avoiding any entrance of air Re fill the pipet with v ater 
from reservoir (2) ind draw this into the bottle Rinse the pipet a second t me 
with the reservoir water and remove the pipet Drain the reservoir fluid into the 
bottle and use a little water to wash all traces of blood into the bottle Gently 
sh tke the bottle to lake the blood Place m reservoir (2) 0 3 ml of the acid fem 
cyanide and 1 ml ol water and mix with a glass rod Slowly admit this soluton 
into the bottle while gently shaking the laked blood Use two 1 ml portions of 
water to wash all of the ferricvamde into the bottle 

PI ice a small block of wood under the base of the cylinder support (8) to keep 
the open end of the cylinder a little above the horuontal plane Insert reaction 
bottle (1) into the metal cylinder Take care to avoid any entrance of the fluid 
into the glass ell of the reaction bottle during this part of the operation Connect 
shift pulley and drive pulley with the belt and slowly rotate the reaction bottle 
for 15 minutes 

Near the end of the period foT rotating bottle (1) partly evacuate the receiving 
chamber (4) and clamp it in a vertical position Using a good Ostwald pipet 
transfer 3 ml of the PdCU solution to reservoir (6) and admit this solution into 
the chamber Rinse every trace of the PdCl., solution into the chamber using two 
2 ml portions of water for this purpose Again connect the glass ell to the pump 
and evacuate well being careful to avoid loss ol any fluid by foaming 

Connect reaction bott'le (‘I) and receiving cinm’ber (4) by means oi "die titwtu 
rubLer sleeve is shown in Fig 42 4 Open stopcock (5) to connect with the ell a id 
unscrew the pmch damp Make sure that the lumen of the rubber tube is open 
Through reservoir (2) admit mercury into bottle (1) until ill of the rarefied gas 
in the bottle passes into chamber (4) At intervals during this procedure slightly 
loosen the clamp holding chamber (4) and gently shake its contents Near the end 
of this gas transfer slant the bottom of bottle (I) somewhat toward chamber (1) 
so as to leave no gas trapped at the top of the bottle When the fluid tn the 
bottle begins to enter the horizontal part of the glass ell turn off stopcocks (5) an 

(3) Then cautiously open stopcock (5) until the fluid reaches its bore See fl* 0 
no trace of fluid from the reaction bottle enters chamber (4) as tins may reduce 
some of the PdCI 2 
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Disconnect the rubber tube from the receiving chamber (4), and admit enough 
•water through the reservoir (6) to fill the capillary neck of (4). Place the receiving 
chamber (4) in a horizontal position on the wooden support and connect the tube 
from the 1-way stopcock to the gear shaft from the motor by means of a short piece 
of rubber tubing. Slowly rotate the receiving chamber for 10 minutes. If CO is 
present in the gas of the receiving chamber, the PdCI 2 solution will darken, and 
metallic palladium will precipitate. At the end of the rotation period, clamp 
receiving chamber (4) in a vertical position. Place 0.2 ml. of the aluminum sulfate 
solution in reservoir (6) and admit it into the chamber, followed by a few drops of 
water and shake the fluid in (4). This should complete the separation of metallic 
palladium. When this occurs, filter the chamber contents into a 50-ml. volumetric 
flask, through a small filter paper. When all the fluid has drained from chamber 
(4), close stopcock (7) and evacuate tire chamber somewhat by suction through its 
glass ell, and close stopcock (5). Fill the reservoir with water and admit this into 
the chamber. Pass the wash water through the filter, using it to wash the sides 
of the filter. Repeat the rinsing of the chamber and subsequent washing of the 
filter paper. Finally, wash the filter paper with two additional small portions of 
water. The volume of fluid in the flask should now be 25 to 30 ml. 

In a second flask, place 2 ml. of the standard PdCl, solution and add water until 
the volume equals that in the first flask. To each flask add 5 ml. of the KI solu- 
tion and mix. Make up to 50 ml. and again mix. Using a photoelectric colorimeter 
set at wavelength 408 m^, determine the optical density of the standard and un- 
known. 

Calculation.— 


3 



O.D. of unknown 
O.D. of standard 


= mg. of PdCU 


used to oxidize the CO. This figure X 4.705 = Grams of CO-Hemoglobin per 100 
ml. of the blood. 

One should also determine the total hemoglobin content of the blood, using the 
acid liematin method. From this result, one can calculate the fraction of the total 
hemoglobin which was present as CO-Hemoglobin. In fatal cases of CO poison- 
ing, the CO-Hemoglobin usually constitutes 60 to 75% of the total hemoglobin. 


CYANIDE 

LIEBIG METHOD 

(See p. 2111 of this work) 

Procedure— Measure a large aliquot (at least 0.5) of the distillate from tissues 
or stomach contents, and add 3 ml. of 10% NaOH. Titrate with 0.1 N AgNO ;j 
until a faint, permanent turbidity develops. The reaction is: 2NaCN + AgNO g = 
NaAg(CN) 2 + NaNOg. The NaAg(CN) 2 is soluble, but the first drop of excess 
AgNOg produces insoluble AgCN. 

Calculation.— Each ml. of 0.1 AgNOg used is equivalent to 9.8 mg. of NaCN or 
13.0 mg. of KCN. 
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ETHANOL 


DICHROMATE TITRATION METHOD OF HARGER 5 » *» 
The ethanol is first separated by distillation and the distillate used for the 
analysis In the presence of hot approximately 17 N H,S0 4 ethanol and dichro- 
mite react as follows 


3C 2 H s OH + 2K 2 Cr 2 07 + 8H2S0 4 = 3CH 3 COOH + 2k 2 S0 4 + 2Cr 2 (S0 4 )a + llHOj 


Excess standard dichromate is employed and the remaining dichromate is tnraied 
with a solution of ferrous sulfate and meihyl orange until a permanent red color 
is reached Consumption of I mg of potassium dichromate requires 0 23a mg of 
ethanol 

Apparatus Distilling Flask Conventional type 125 ml with the side arm cut 
off to about 2 inches 

Condenser —Liebig type with 10-in jacket Use \ertically to facilitate rinsing 
the inner tube The latter made of thin 8 mm glass has a 2 in ell at the top 
parallel with the arm of the distilling flask and protrudes about 4 in below the 
bottom of the jacket 

Recemng Tube— \ 2a x 200 mm Lewis Benedict sugar tube graduated at 12 a 
ind 2a ml is satisfactory 

Buret This is 5 ml micro type graduated in 0 02 ml and with the tip dmn 
out to a rather fine point About I in above the zero mark blow a small bulb 
ending inal) tube for suction filling 

Reagents Store all reagents in glass stoppered bottles 

Sodium Tungstate 10% 

Sulfuric Acid 0 67 N— Dissolve 10 ml of concentrated H 2 S0 4 in 500 ml of 
water Titrate and adjust strength if necessary 

Sulfuric Acid Concentrated C P — This should give very little blank in the 
anaivsis 

Sulfuric Acid Solution 1 1 —Slowly add 2a0 ml of concentrated H,S0 4 to 2a0 
ml of water shaking and cooling during the addition 

Standard Dichromate Solution 0 0434 N— Dissolve 2 129 g of dry cr k 2 Cr 2 0, 
in water and make up to 1 liter It keeps indefinitely One ml is equivalent to 
0 5 mg of ethanol 

Ferrous Iron Solution Dissolve 50 g of crystalline ferrous sulfate in laO ml of 
water Add 30 ml of concentrated H„S0 4 and make up to 250 ml It keeps quite 
well 

Methyl Orange Solution 01%— See Ramberg Sjostrom method p 2126 

Red Titration Fluid— Mix 35 ml of the I 1 H_S0 4 with 15 ml of the nietlw 
orange solution and add 1 ml of the ferrous iron solution Mix and cool kept 
in a refrigerator this solution will retain its strength for several days 

Procedure Distillation of Body Materials Tissues —These arc steam distilled as 
described on page 2110 

Blood— In the 125ml distilling flask place 20 ml of water Add 1 m' °^°° 
and rinse the Ostwald pipet with the fluid in the flask Add 2 ml of the sodium 


is Harger R N J Lab Clin Med 20, 746 1935 , 

•>« Harger R N Raney B B Bndwell E G and kitchel M F J Biol cnem 
197 1950 


181 
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tungstate solution and, while shaking the flask, add 2 ml of the 0 67 N H 2 SO^ 
Put 2 glass beads in the flask, close with a well washed rubber stopper, connect to 
the condenser, and put the receiving tube in place Heat with a micro burner 
and distill over 10 to 12 ml Disconnect the flask and rinse the condenser tube 
twice with about 2 ml of water from a wash bottle Dilute distillate and washings 
to 25 ml and mix If the blood alcohol level is below 0 1%, the distillate should 
be made up to 12 5 ml 

Uune— Use 1 ml of urine plus 25 ml of water, but no tungstate or acid. Then 
proceed as with blood 

Oxidation of Distillate.— Place in a 19 x 150 mm test tube an aliquot of the 
distillate representing 0 2 to 0 4 ml of blood or urine, or 0 2 to 0 5 g of tissue 

Add water, if necessary, to give a \olume of 5 ml Next add 1 ml of the standard 

dichromate and mix Using a pipet with a rather large opening at the tip, add 

5 ml of concentrated H 9 S0 4 . Mix with a glass rod ending in a 15 mm ring at 

right angle with the rod This raises the fluid temperature to slightly above 100°C 
so no further heating is necessary Run a blank with 5 ml of water, but use only 
0 2 ml of the dichromate solution Allow the tubes to stand in the rack for 10 
minutes, and then place in cold water for 5 minutes 

Titration of Remaining Dichromate.— Clamp the reaction tube just below the 
buret tip Place in the reaction tube a 4 mm glass tube with a U bend at the top 
so that it will hang on one side of the reaction tube and extend almost to the bot 
tom Through this tube bubble a slow current of an which is purified by passing 
through actuated charcoal Titrate to the first permanent red color The be 
ginning titration rate should be 2 to 3 drops per second, but near the end point 
it should be reduced to a drop e\ ery 2 seconds The end point is sharp After 
titrating the blank, add a second 0 2 ml of the dichromate and re titrate Finally, 
add 1 ml of the dichromate to the blank tube and again titrate 

Calculations.— Designate the titration figures as follows U = unknown, a = 
blank, b = titrated blank plus 0 2 ml dichromate, D = extra 1 ml of dichromate. 
Then, 


U - {b - a) 
D 


X 0 5 = Mg 


ethanol in the aliquot analyzed To calculate mg of ethanol per ml. of blood or 
urine, oi per g of tissue, multiply the above result by 1 over the fraction of these 
quantities represented by the aliquot analyzed Toi best results the aliquot ana 
lyzed should reduce 60 to 90% of the dichromate If titration U consumes only 
one or two drops of the red fluid, repeat the analysis with a smaller volume of the 
distillate Blood from non alcoholic subjects yields a small blank by the method, 
which averages about 0 08 mg of ethanol per ml of blood In practice we sub 
tract 0 10 mg for the blank 

Notf —Numerous vauauts ol the dichiomate method for ethanol have been published 
1 oi icviens of many of these see I nedeinann and Dubowski 21 and Haigei s In a number 
of the methods the lesidual dichromate is determined pholoelectncall) , using wavelength 
T>0 m fi 

21 1 riedemann, T. E , and Dubowski, k M , Chapter V in Manual of Chemical Tests for 
Intoxication, Ed by Comm on Medicolegal Problems, *\m Med Assn , Chicago, Am Med 
Assn , 1959 
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ETHYLENE GLYCOL 

METHOD OF HARGER AND FORNEY’ 2 
Ethjlene gljcol reacts with periodic acid to form formaldehjde and iodic acid 

C-H^OH), + HI0 4 = 2HCHO -f HIOj 

Thus each atom of oxygen used yields two molecules of formaldehyde Other 
glycols react with periodic acid but form one molecule or less of formaldehjde 
pei atom of oxygen used 

J?eage?i/i Sulfunc Acid 0 67 N — See section on Ethanol abose 
Sodium Tungstate, 10% 

Periodic Acid 0 1 1/— Dissohe 2 13 g of NaI0 4 in 100 ml of 0 33 N H«S0 4 
SchiffEhose Reagent— See section on formaldehjde p 2112 
Procedure Blood —Lake 3 ml of blood with 21 ml of water and add 3 ml ol 
the sodium tungstate solution I\ith vigorous shaking add dropwise 3 ml of 
0 67 \ H S0 4 Stopper the flask shake well and filter The filtrate should be 
clear and free from protein 

Place in a small test tube 1 ml of the protein free filtrate and add 4 ml of 
water followed by 0 2a ml of the periodic acid Shake to mix Allow to swnd 
for 10 minutes quickly add 2 ml of the SchiffEhose reagent and mix After 2a 
minutes read with a photoelectric colorimeter set at waselength 555 m/i Compare 
the result with the optical density cune for o ml of water containing 10 to 0 
micrograms of ethjlene gljcol and run m the same way If the color of the un 
known is considerably deeper than that of the 70 microgram standard repeat the 
analjsis with less of the protein free filtrate 

Normal blood gnes a small blank In about 98% of cases it is equnalenl to 
between 0 01 and 0 16 mg of ethjlene gljcol per ml of blood About 2% of 
normal bloods gi\e a blank equnalent to 0 17 to 0 3a mg of ethjlene gljcol per ml 
of blood E\en the highest blank is only about one tenth of the blood gljcol con 
ccntration found in rapidh fatal cases of ethylene gljcol poisoning 

Urine— Dilute the urine 20 fold or more and proceed as with the protein free 
filtrate of blood Normal urine gnes a higher blank than that of blood but in 
gljcol poisoning the urine lei el of gljcol is 2 or 3 times that of blood 

Tissues —Using a small blendor homogenize 5 g of tissue with 2a ml of water 
Transfer to a flask and wash out the blendor jar with two ami portions of water 
adding the washings to the flask Next add 5 ml of sodium tungstate solution 
and with sinking a ml of the 0 67 \ H S0 4 Filter and proceed as with the 
protein free filtrate of blood Normal tissues gne a somewhat higher blank than 
does normal blood but m glycol poisoning the tissue concentration is higher than 
that of blood 

MODIFIED METHOD OF LEHMAN AND NEWMAN* 5 

In this method the residual periodic acid is reduced with an excess of standard 
arsenious acid and the remaining arsemous acid is titrated with 01 A » 1 
solution 

Reagents Periodic Acid, 0 1 HI —See Method of Harger and Fornej abo'C 

’’Harger R N and Fomej R B ] Forensic Sciences 4,136 I9a9 „ 

-a Lehman A J and Newman II \\ J Pharmacol Expt! Therap 60,31- i 
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Arsenious Acid, 0.1 A 7 .- Dissolve 4.95 g. of C.P. As 2 0 3 in 150 ml. of water plus 
15 g. of anhydrous Na 2 C0 3 . Make acid by adding 25 ml. of 5% H 2 S0 4 , and dilute 
to 1 liter. 

Sodium Bicarbonate, 8%. 

Standard Iodine Solution, 0.1 N .— Prepare as usual in 1.8% KI. Each ml. is 
equivalent to 3.1 mg. of ethylene glycol. 

Potassium Iodide.— Dissolve 1 g. of KI in 5 ml. of water. 

Procedure— In a flask place 15 ml. of the protein-free filtrate from blood or 
tissues, or 15 ml. of diluted urine. Add 25 ml. of water and 5 ml. of the HI0 4 
solution. Place the flask in cold water and allow to stand for 15 minutes. Add 
10 ml. of the NaHCO s solution, followed by exactly 15 ml. of the standard As 2 0 3 
solution. Let stand at room temperature for 15 minutes. Add 1 ml. of 1% starch 
solution and titrate with the 0.1 N iodine solution. Run a blank with water sub- 
stituted for the protein-free filtrate or diluted urine. 

Calculation.— (ml. of 0.1 N iodine used for unknown — ml. of 0.1 iodine used 
for blank) X 3.1 = mg. of ethylene glycol present in the aliquot analyzed. Multiply 
this result by 1 /fraction of 1 ml. of blood or urine, or g. of tissue, represented by 
the aliquot used in the analysis. 

Compare the result with that obtained in the Harger and Forney method, above. 
If they agree, the result almost certainly represents ethylene glycol. 

Note.— Results b) the two methods are also identical for ethanolamines, but such amines 
are \ei) unlikely in body materials and periodic acid oxidation of them pioduces ammonia, 
which can be determined b) distilling the titiated fluid after making it alkaline. 

ISOPROPYL ALCOHOL AND ACETONE 

PERSULFATE METHOD OF GINTHER AND FINCH « 

In isopropyl alcohol poisoning much of the alcohol is converted to acetone, so 
one always finds both compounds in such cases. In the modified procedure of 
Ginther and Finch one determines the acetone by reaction svith salicylaldehyde 
before, and after, converting the isopropyl alcohol to acetone by means of per- 
sulfate. 

Reagents. Potassium Persulfate, 1%. 

Sodium Bisulfite, 5%. 

Sodium Hydroxide, 40%, W/V. 

Salicylaldehyde Solution, 20%.— Dissolve 5 ml. of salicylaldehyde in 20 ml. of 
95% ethanol. 

Acetone Standard.— Dissolve 1.26 ml. of acetone in water and dilute to 1 liter 
which is 1.0 mg. of acetone per ml. Dilute properly for working standards. 

Isopropyl Alcohol Standard.— Dissolve 1.27 ml. of pure isopropyl alcohol in 
water and dilute to 100 ml. For working standard, dilute 50-fold, gising 0.2 mg. 
per ml. 

Procedure— Analyze the distillates from body materials made as described under 
Ethanol, above. 

Free Acetone.— In a 25-ml. glass-stoppered volumetric flask place an aliquot of 
the distillate representing 0.2 ml. of blood or urine, or 0.2 g, of the tissue, and 
dilute to 5 ml. In a second flask place 0.4 mg. of acetone in 5 ml. of water, and 
in a third flask place 5 ml. of water. To each flask add 4 ml. of 40% NaOH and 

-•> Ginther, G. B. and Finch, R. C., Anal. Chem., 32, 1894, 1960. 
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I ml of 20% salicylaldehyde solution Shake immediately to a\oid precipitation 
Stopper the flasks and heat them in a water bath at 80*0 for 15 minutes Cool 
and dilute to the 2a ml mark and mix Dilute suitably and determine the optica] 
density at wa\elength 500 m/i setting the blank at 100% transmittance If the 
orange color of the unknow n is xery far from that of the standard use less or 
more of the distillate Employ the O D formula gn en below to calculate the 
acetone content of the unknown 

Acetone from Isopropyl Alcohol Plus Free Acetone —In a 2d ml flask place the 
same aliquot of distillate as was used for free acetone In a second Bask place 
0 4 mg of isopropyl alcohol Dilute both to a ml In a third flask place 5 ml of 
water To each add 1 ml of 1% potassium persulfate Mix stopper and p'ace 
in a water bath at about 80*C for 15 minutes Cool add 1 ml of 5% sodium 
bisulfite and mix Next add 4 ml of 40% NaOH and 1 ml of the salicylaldehide 
solution and again mix Heat at 80°C for 15 minutes and cool Make to tolume 
dilute suitably and read at watelengih 500 to/* with the blank set at 100% trans- 
mittance 

Calculation — 


strength of standard X 


O D of unknown 
O D of standard 


= strength of unknown expressed as isopropyl alcohol 
Subtract from this the free acetone determined aboxe expressed as isopropil alco- 
hol (mg acetone X 1 03) The difference is the isopropyl alcohol Use the dilution 
factor to calculate the concentration of free acetone and isopropyl alcohol in the 
body material analyzed 


LEAD 

Reagents — Most of the chemicals used are now atadable in practically leadfree 
condition Only the sodium citrate requires de leading Use double-distilled 
water the final distillation being from Pyrex glassware 
Sulfuric Acid Concentrated, C P 
Nitric Acid Concentrated C P 

Dilute Nitric Acid —Dissohe 1 ml of concentrated HN0 3 in 100 ml of water 
Ammonium Hydroxide Concentrated, C P 

Cyanide Solution —Use a freshly prepared 10% solution of C P KCN 
Perchloric Acid 60% 

Hydroxylamine Solution —Dissohe 20 g of NH OH HC1 in water and dilute 
to 100 ml 

Sodium Citrate Solution —Dissohe 50 g of C P sodium citrate in water and 
make up to 1 liter Shake in a large separatory funnel with 10 ml of dithizone 
Solution I below After separation draw off the CHC1 3 layer Repeat this pro- 
cedure until the CHC1 3 layer retains its original green color Remote dithizone 
dissolved in the aqueous solution by repeated extraction with CHC1 3 only 
Dithizone Solutions —Weigh, out 10 mg of diphenyltluocarbizone and dissohe 
in 50 ml of CHC1 3 This contains 20 mg % Wt Vol 
Solution I —To 6 ml of the 20 mg % dithizone solution add 34 ml of C j 
to gn e 3 mg % 
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Solution II .— To 3 ml. of the 20 mg. % solution add 57 ml. of CHC1 3 , to give 
1 mg. %. 

Standard Lead Solution.— Dissolve 0.1598 g. of C.P. Pb(N0 3 ) 2 in water, add 1 
ml. of concentrated HNO a and make up to 100 ml. with water. This contains 
1 mg. of Pb per ml. For working standards dilute this stock solution 100-fold, or 
more, with the dilute HNO s . 

Procedure . — For satisfactory results, use: 100 ml. of urine; 10 ml. of blood; 10 g. 
of tissue, homogenized with 30 ml. of water; or 5 g. of bone. 

Place the sample in a 500-ml. Pyrex Kjeldahl flask. Add 5 ml. of concentrated 
H.,S0 4 and two glass beads. Heat over a small flame until most of the water has 
distilled off, and the fluid begins to char and spatter slightly. Cool 2 minutes, 
add 2 ml. of concentrated HNO s and boil until brown fumes cease to be evolved. 
If the fluid darkens, cool 2 minutes, add 2 ml. of concentrated HNO a , and boil as 
before. Continue this treatment until the fluid does not char on boiling after 
evolution of brown fumes ceases. Cool, and add 1 ml. of concentrated HN0 3 and 
1 ml. of perchloric acid. Boil until most of the perchloric acid is volatilized. Cool. 
If the solution is still yellow, add 0.5 ml. of the HN0 3 and 0.5 ml. of the perchloric 
acid and boil again until the perchloric acid is mostly distilled off. The final fluid, 
on cooling, should be water-clear. 

To the fluid in the flask add 25 ml. of water and 10 ml. of the citrate solution, 
and mix. If necessary, warm until any solid material is dissolved. Cool, and add 
1 ml. of the liydroxylamine solution and 1 drop of phenol red indicator. Using 
a buret, add the concentrated NH 4 OII until a pH of about 8.0 is reached. The 
color change is pink, through yellow, to pink. 

Quickly transfer the flask contents to a I25-ml. Pyrex Squibb separatory funnel 
containing 5 ml. of the KCN solution. Rinse the flask with a little water and add 
this to the funnel. Add 3 ml. of dithizone Solution I, stopper the funnel, and 
shake the contents vigorously for 1.5 minutes. Transfer the CHC1 S layer to a 
second separatory funnel and extract the aqueous fluid with another 3 ml. of 
dithizone Solution I. Add this to the first dithizone extract and continue the ex- 
traction procedure until the last CHC1 3 layer has only its original green color. 
To remove the lead from the dithizone complex, add 50 ml. of the dilute HNO s 
to the combined dithizone extracts and shake vigorously for 1 minute. If bismuth 
is present, the dithizone will not all return to its original green color, but will be 
yellow-green. To remove any traces of the bismuth complex from the HN0 3 
solution, add to this solution 5 ml. of CHCI 3 only, and shake. Discard the CHC1 3 
extracts. 

To the acid solution add 10 ml. of the citrate solution, 1 ml. of the hydroxyl- 
amine solution and 1 drop of phenol red indicator, and adjust to pH 8.0 with 
concentrated NH,OH. Add 5 ml. of the cyanide solution and 25 ml. of dithizone 
Solution II. Shake for 1 minute. Pass the CHC1 3 layer through a small, dry 
Whatman No. 1 filter paper and collect in a 50-ml. glass-stoppered cylinder. 

Read the O.D. of the final dithizone extract with a photoelectric colorimeter set 
at wavelength 510 niM, using CHC1 3 only for the 100% transmittance setting. Cal- 
culate the weight of Pb in the dithizone extract by comparing its O.D. with die 
O.D. curve of 50-ml. portions of the dilute HNO a containing 1 to 20 micrograms 
of Pb and carried through the procedure described in the preceding paragraph. 

Conduct a blank analysis, substituting 50 ml. of water for the unknown sample 
and employing the same procedure and quantities of all reagents used for the 
unknown. Subtract die blank from the unknown. 
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Thallium also forms a red complex with dithizone and would be recorded as 
lead in the method just described Although the presence of thallium in bodv 
materials is very unlikely this possibility can be easily tested because thallic chlo- 
ride is soluble in ether while lead chloride is not 5 For such a check test see 
Thallium below, page 2145 


MERCURY 

METHOD OF LAUG AND NELSON, 26 MODIFIED BY 
1UNGHANS* 

Reagents "Mercury Standard —Weigh exactly 0 5 g of mercury dissolve in 10 
ml of concentrated HAOg and dilute with water to 100 ml To 1 ml of this stock 
solution add 10 ml of concentrated HA0 3 and dilute to 1 liter with water One 
ml of this working standard contains o micrograms of Hg 
Sulfuric Acid Approximate!) 18 A To 2o0 ml of distilled water add an equal 
volume of C P concentrated H 2 S0 4 Mix and cool 
Acetic Acid Approximately 6 A Dilute So ml of glacial acetic acid to 100 ml 
with water 

Ammonium Hydroxide, Approximately 9 A Dilute 600 ml of concentrated 
KH 4 OH with water to give a volume of 1 liter 
Hydroxylamme Solution —Dissolve 50 g of NHoOH HC1 in 100 ml of water 
Dithi/one Solution —11 eigh out 10 mg of diphenylthiocarbazone and dissolve 
in 100 ml of CHCl a For extraction of Hg dilute this stock solution tenfold 
with CHCI 3 

Permanganate —Use C P KMn0 4 finely powdered 

Procedure— Suitable samples for analvsis are urine 100 ml blood 10 ml and 
tissues 10 g homogenized with 30 ml of water Place the sample m a 2o0ml 
Erlenmeyer Pvrex flask with standard taper mouth Add 10 ml of the 18 N H,S0 4 
and approximately Oa g of the k\ln0 4 Connect the flask to a 15 in Liebig con 
denser with standard taper joint and reflux with gentle boiling When the purple 
color disappears add about 0 2 g of the k\ln0 4 through the condenser tube Con 
Unite the boiling and addition of KMn0 4 until a total of about 1 5 g of h\ln0 4 
has been used Wash down the condenser tube with a little water and boil for 
5 minutes Cool and add the NH,OH HC1 solution dropwise until the perman 
ganate color is discharged and add 1 ml in excess Add 2 ml of the 6 A acetic 
acid 

Immediately transfer the fluid in the flask to a 250 ml Squibb separatory funnel 
and make up to 180 ml with rinsings from the flask Add 10 ml of the diluted 
dithizone solution and shake for about 2 minutes Transfer the chloroform laver 
to a second separatory funnel containing 2o ml of the ammonia solution Pa* 
the chloroform laver through a small dry filter paper and read in a photoelectric 
colorimeter set at wavelength 476 mp using chloroform for the 100% transmittance 
setting 

Standards —Prepare a senes of standards by adding 0 5 to 4 0 ml of the <h ulc 
Hg standard to 10 ml of 18 A H„S0 4 1 ml of AH n OH HC1 solution and 2 ml 
of 6 A acetic acid Dilute to 180 ml shake with 10 ml of the dilute dithizone 

*5 Shaw P A J Ind Eng Chem Anal Ed 5 93 1933 

2« Laug E P and Nelson k IV J Assn Off Agr Chemists 25, 399 1942 

azlunghans R Personal communication 
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solution, and proceed as with .the unknown. Use the O.D. curve of the standards 
to calculate the weight of Hg in the dithizone extract from die unknown. 

Blank.— Conduct a reagent blank- analysis, substituting 50 ml. of distilled water 
for the sample analyzed. Subtract the blank result from the unknown. 

METHANOL 

DICHROMATE METHOD 19 

If methanol is the only reducing substance present in the distillate from body 
materials it may be determined by the dichromate titration method described above 
for ethanol. Since dicliromate oxidizes methanol quantitatively to CO„ and H a O, 

1 ml. of the 0.0434 N dichromate is equivalent to 0.232 mg. of methanol. Thus, 
one uses the formula for ethanol, but substitutes 0.232 for 0.5. 

MODIFIED WRIGHT-ELVOVE METHOD 28 

In addition to determining the concentration of methanol in the distillate, this 
method also serves to check the dichromate result for methanol. The reason for 
adding ethanol is explained on p. 2113. 

Reagents. Standard Methanol Solution, 1%, W/V.— Dissolve 1.26 ml. of abso- 
lute methanol in water, dilute to 100 nil. in a volumetric flask, and mix. This 
keeps indefinitely. For preparing working standards, dilute 50-fold with water to 
give 0.2 mg. per ml. 

Other Solutions.— Use those listed for the Wright-Elvove qualitative test for 
methanol, described on p. 2113. 

Procedure .— Transfer to a small test tube an aliquot of the distillate containing 
0.4 mg. of methanol as calculated from the dicliromate analysis, assuming that only 
methanol was present. Make this up to a volume of 2 ml. In a second tube place 

2 ml. of diluted standard containing 0.2 mg. of methanol per ml. From this point 
follow the procedure given for the Wright-Elvove qualitative analysis described on 
p. 2113. When development of color has continued for 30 minutes, determine 
the optical density of the standard and unknown when examined at wavelength 
555 m ii. If they are the same, the distillate contained only methanol and the con- 
centration calculated from the dicliromate titration is correct. If the unknown 
color is weaker than that of the standard, repeat the analysis, using a series of 
standards containing from 0.1 to 0.2 mg. of methanol per ml., and a larger aliquot 
of the distillate, if necessary. Compare with the standard which most nearly 
matches the unknown, since the color deviates somewhat from Beer’s Law. 

PHENOL 

PRECIPITATION AS TRIBROMOPHENOL, HBr 

Procedure .— To a large aliquot of the distillate from the tissue or stomach con- 
tents add saturated bromine water until a definite red color shows that excess 
bromine is present. Allow to stand for a few hours to form a well-crystallized 
precipitate. Filter through a weighed Gooch, or fritted glass, crucible. Wash with 
a little dilute bromine water and draw air dirough the crucible to remove free 

- 8 Harger, R. N„ and Bridwell, E. G., J. Biol. Chem., 123, 1, 1938. 
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In the calculation of results from the two procedures above, do not forget to 
employ the reciprocals of all aliquots used in the procedure. 

THALLIUM 

Like lead, thallium is quantitatively removed from an alkaline cyanide solution 
and, if present, its red dithizone complex would accompany the lead dithizone 
complex in the method for lead described earlier. To separate the two, proceed 
as follows: 

Procedure.— After reading its O.D., place the dithizone extract from the lead 
analysis in a small evaporating dish and heat to dryness on the steam bath. To 
the residue in the dish add 1 ml. of water, I ml. of concentrated HC1 and a small 
crystal of KC10 3 . Warm on the steam bath for 3 minutes, dilute with 10 ml. of 
water, and shake in a separatory funnel with two 10-ml. portions of ether. Pass 
the ether extracts through a dry filter paper and evaporate to dryness. Dissolve 
the residue in 10 ml. of the dilute HNO s solution used for lead and extract with 
dithizone Solution II as per the last paragraph of the lead procedure, using one- 
fifth quantities of all reagents. If the dithizone extract retains its green color, 
thallium is absent. 

If a red color should develop, extract further with dithizone Solution II and 
compare the O.D. of the combined extracts with that of thallium standards simi- 
larly treated. 

To further confirm thallium, re-convert the dithizone complex to the trichloride, 
extract with ether as before, and evaporate the ether extracts to dryness. Dissolve 
the residue in 2 ml. of dil. HC1. Add a small crystal of sodium bisulfite and evapo- 
rate to about 0.5 ml. If thallium is present, the final solution will give the char- 
acteristic green flame test, will yield a yellow turbidity with KI solution and, on 
saturation with NaCl, will show a blue fluorescence under ultraviolet light. 30 

• 30 Sill, C. W„ and Peteison, H. C„ Anal. Chem., 21, 1266, 1949. 
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In contrast to the natural product over which control is limited, the synthetic 
elastomers are prepared in ways affording control of the length of the polymer 
chain, the configuration of the monomer units in the chain, and control of the 
non-rubber constituents present in the raw product. Most of the elastomers syn- 
thesized today are prepared in emulsion or latex form resembling the natural 
product. 

Coagulation of the latex, usually with salt and acid, yields a crumb or particu- 
late slurry. This slurry is dried and baled by compression of the crumb into blocks 
of elastomer. Usually an antioxidant is added to the latex prior to coagulation to 
prevent spontaneous oxidation of the elastomer on the drier and in storage. 

As a result of the method of preparation the raw polymer will then contain 
residues of the emulsifying agent both in alkaline and acid form, small amounts 
of various salts, and an organic antioxidant. Impurities in the various ingredients 
used, as well as possible contamination from the metallic equipment used, intro- 
duce small quantities of other materials in the raw elastomer. Iron is probably 
the largest and most important such contaminant. Traces of the polymerizing 
agent or agents may also be present and in some cases this also may be a source 
of iron in the raw polymer. 

Rubber Products.— Nearly all products made from rubber or the synthetic elas- 
tomers are vulcanized or cross-linked by means of sulfur or a sulfur-containing 
agent. The mechanism of the vulcanization reaction is not completely understood 
nor is the structure of the final product actually known, but the result of the 
reaction is to provide a product superior to the raw material itself. 

The vulcanization reaction is almost always carried out with more than sulfur 
ancl rubber as the ingredients. Organic accelerators of complex structure such as 
mercaptobenzothiazole, tctramethylthiuram disulfide, etc., serve to speed up the 
reaction and certain of these may be used to replace sulfur entirely as the vul- 
canizing agent. 

Zinc oxide and stearic acid are both necessary either as such or as zinc stearate 
in order to obtain a satisfactory sulfur vulcanizate. 

Other materials are usually added for a variety of reasons. First, there are 
reinforcing agents whose purpose is to improve wear properties, hardness, stiffness 
or some such physical property. Carbon blacks of various types are used as well 
as certain silica materials. Second, there are bulking agents whose function is to 
reduce the cost of the product. These may include such things as clays, barium 
carbonate or sulfate, magnesium carbonate, talc, etc. Third, pigments or colors 
are added to impart color to the finished product. Titanium oxide is probably the 
most important pigment for white products though zinc oxide, zinc sulfide, or 
lithopone are often used. Iron oxide is widely used for brown to reddish-colored 
articles while organic dyes provide a wide range of relatively brilliant colors. 
Naturally, carbon black is not used in conjunction with the coloring materials 
except with small amounts of zinc oxide which senes as an aid to the vulcaniza- 
tion reaction. 

Oils, waxes, resins, etc., are used as plasticizing agents to impart certain process- 
ing characteristics to the compounded material or some particular property to the 
finished article. 

These examples of some of the materials present in rubber products may give 
the reader some feeling for the complex system a rubber article presents to the 
analyst. 
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RUBBER POLYMER NOMENCLATURE 

The definitions of the tjpes of polvmers discussed in this chapter and of odr 
tspes for which no standard methods of analysis exist are those established In tN 
\SIM' \ sssttni ol ibbrts ia lions to simphh the use of this nomenchtL'c , v 
ilso included While the major portion of this chapter is detoted to analysn of 
tin K famils of polymers mans members of the other families of pohmers hut 
rubber ItVc properties anti occasional reference to some of them is made in thi 
ihipttr The following is an excerpt from this -VST M Recommended Practice 
Elastomers and Rubbers —I El istomers and Rubbers both in the dry and later 
form shall be classified and coded from the chemical composition of the polytset 
chain in the following manner 

M — Elastomers ha\ing a saturated chain of the poly methylene type 
N — Elastomers hating nitrogen in the pohmer chain 
O — Elastomers hating oxtgen in the polvmer chain 
P — riastomen hating phosphorus in the polvmer chain 

R — Rubbers or elastomers hating an unsaturated carbon chain, for example, natunl 
rubber and synthetic rubbers at least partis dented from diolefins 
Si — Elastomers hating silicone in the pols mer chain 
T — Elastomers hating sulfur in the pols mer chain 

L Elastomers hating carbon oxtgen and nitrogen in the polymer chain 

Family Designations —2 The R family both in dry and latex form shall be 
defined by inserting the name of the monomer or monomers before the wo d 
rubber from ttlucli it ttas prepared (except for natural rubber) The letter 
imimduult preceding the letter R shall sigmft the diolefin from it Inch the rubber 
uas prepared (except for natural rubber) Any letter or letters preceding tb » 
diolcfm letter signifies the comonomer or comonomers The following dissifci 
non shall be used for members of the R family 

BR — Butadiene rubbers 
1R — Isoprenc rubbers, synthetic 
CR— Chloroprene rubbers 
NR — Isoprenc rubber, natural 
\BR — \crtlale butadiene rubbers 
IIR— Isobuislene-isoprene rubbers 
NBR— N'ltnle-butadiene rubbers 
NCR — Nitnfe-chloroprene rubbers 
PBR- Pvndine- butadiene rubbers 
NBR — Styrene-butadiene rubbers 
SCR — Stxrcne-chloroprcne rubbers 
SIR — Sts rene-isoprene rubbers 

1 Tcntatni Recommended Practice for Nomenclature for Synthetic Elastomers ^ 
Laticcs A5TM Designation D1418 GIT . [rl - 

*When designating latex or lances the terminology shall be for example SRR 
ot SRR lances 
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THE ANALYTICAL PROBLEM 

Reasons for Analysis .— The success of large industry in the world today depends 
on rapid, accurate testing of products and raw materials as much as on mechaniza- 
tion of production and effective marketing. 

Analysis of raw materials is necessary to the manufacturer in order to establish 
quality and price for his purchase; analysis at various stages of production is neces- 
sary for good process control; analysis serves as a means for checking behavior of 
product or for determining the cause of faulty products; analysis is used to detect 
factory errors; and finally, analysis serves as a control for consumers’ specification 
of a finished product. 

COMPLETE ANALYSIS SCHEME 

The greatest problem faced by an analyst who is not familiar with rubber is that 
of deciding what analyses are possible and which ones are necessary in order to 
obtain the desired information. As an aid to the solution of this problem there 
is included here a schematic diagram of the analyses that can be run on a vulcanized 
rubber compound. This diagram together with the definitions and descriptive 
material found in this chapter should enable the analyst to plan his analytical 
approach efficiently. 

The sample weights given in the diagram are the nominal sample sizes for a 
single determination. It is frequently possible to use a somewhat smaller sample. 
The weights given under the heading of ash refer to original rubber sample. Since 
it is seldom necessary to run all of the listed analyses the sample requirement is 
not large. 

The analysis scheme has been written to cover vulcanized rubbers. It can be 
applied to unvulcanized compounds in general if the chloroform extract is omitted. 
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Analysis Scheme 

Complete Analysis op a \ olcanxzed Robber Compound 
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CRUDE RUBBER ANALYSIS 


NATURAL RUBBER 
INTRODUCTION 

The analysis of crude natural rubber serves as a check on the evaluation or grade 
of natural rubber purchased. The important criteria are usually those affecting 
the stability and vulcanization characteristics of the rubber. Foreign matter or 
adulterants not affecting the above properties are of economic interest in establish- 
ing the price of the raw material. Among the analytical procedures in wide use 
are those for: Ash, Copper, Manganese, Iron, Acetone extract, Dirt, Volatile matter, 
Rubber Hydrocarbon, and Protein. 

ASTM has issued tentative methods for these analyses under Designation 
D1278-61T. 3 The following methods described are primarily those of the ASTM 
except where noted. Attempts are made to give the latest procedures proved to be 
suitable for a standard method. In all cases, specimens are to be taken from a 
large sample homogenized as described in the section on Volatile Matter, page 2158. 

ASH 

The determination of ash content of rubber products is only valid when the 
inorganic materials present are not decomposed by the ashing procedure. The 
same procedure for the determination of ash may be applied to both vulcanized 
and unvulcanized rubber. The muffle furnace procedure outlined is the preferred 
one. However, careful distillation of the sample over a very small flame without 
allowing the sample to ignite will be found suitable for ashing for tests on the ash. 
This flame procedure is not adequate for quantitative ash determinations. 

Apparatus. Crucible.— An unetched porcelain crucible having a capacity of 50 
ml. If copper is subsequently to be determined, a smooth unetched silica crucible 
is preferred, but a Vycor crucible or an ignited, acid-washed unetched No. 2 Coors 
porcelain crucible may be used. 

Note.— I n cases of dispute where the greatesr accuracy is required, use a new, smooth 
silica crucible each time the test is run. 

Muffle Furnace, with temperature indicator and control. 

Filter Paper, Ashless, about 15 cm. in diameter. 

Procedure.— Weigh a 5- to G-g. specimen of homogenized rubber to the nearest 1 
mg. and place it in a crucible previously ignited and weighed to the nearest 0.1 mg. 
Place the crucible and its contents in a furnace controlled at a temperature of 
550 ± 25°C. until free from carbon (Note). When ashing is complete, cool the 
crucible in a desiccator and dren weigh it to the nearest 0.1 mg. 

Note.— The rubber may be charred over a small flame or on a hot plate before it is 
placed in the furnace. When the rubber is not previously charred before placing it in 
the furnace, the crucibles shall be placed on a suitable tray to permit placing them in the 

3 Tentative Methods for Chemical Analysis of Natural Rubber, ASTM Designation 
D127S-G1T. 
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furnace simultaneously and the door of the furnace shall then be kept closed for at W 
1 hour while flammable sapors ire etohed If copper manganese or iron is to be dt 
termined the specimen shall be wrapped in a la cm ashless filter paper prey ions to 
ashing 

Calculation —Calculate the ash content as follows 


A = 


C~ B 
D 


X 100 


where A — the percentage of ash, 

D = weight of the specimen 
B = weight of the empty crucible and 
C = weight of the crucible plus ash 


COPPER 

The amounts of copper that are msoUed m the stability of raw natural rubber 
are so small order of 0-50 ppm that an extremely sensitise test is required 
for the analysis The photometric method outlined meets this requirement How 
e\er etery precaution must be taken to present contamination of the glassware 
furnace and sohents used in the procedure It is recommended that the glassware 
used in this determination be resersed for this use only and not used as general 
laboratory equipment 

Apparatus Photoelectric Photometer — A spectrophotometer or filter photometer 
suitable for measurements at approximately -15a m/i Absorption cells 1 to a cm. 
in path length mas be used C ells 2 to a tin m pith lcn 0 th are preferred 

Reagents and Materials Ammonium Hydroxide (sp gr 0 90) —Concentrated 
ammonium hydroxide (\H 4 OH) 

Carbon Tetrachloride (CC1 4 ) 

Citric Acid Solution (500 g per liter) — Dissohe oO g of citric acid in 100 ml 
of H O 

Copper Sulfate Standard Solution (1 ml =01 mg Cu) —Dissohe 0 393 g of 
copper sulfate (CuS0 4 oH„0) in water add 3 ml of concentrated sulfunc acid 
(H S0 4 sp gr 1 84) and dilute to 1 1 with water This solution should remain 
stable for at least a month 

Copper Sulfate Standard Solution (1 ml 0 01 mg Cu) —Dilute 10 ml of die 
CuSO, solution (1 ml =01 mg Cu) to 100 ml with water Make up this solution 
fresh each day 

Nitric Acid (I 2) — Mix 1 tolume of concentrated nitric acid (H\0 3 sp gr 1 1 9 ) 
with 2 solumes of water 

Sodium Diethyldithiocarbamate Solution (1 g per liter) —Dissohe 01 g ^ 
sodium diethyldithiocirbamate in water ind dilute to 100 ml Store in an amber 
bottle away from strong light Renew the solution erery 2 weeks 

Sodium Sulfate, Anhydrous (NajSO^) 

Preparation of Calibration Cune~(a) Make up a series of standard solutions 
each containing Id ml of H\O a (I 2) and o ml of citric acid diluted with ” ater 
to not more than 50 ml To these solutions add portions of copper solution 
(1 ml 0 01 mg Cu) ranging from 0 to 10 ml followed by excess \H|OH an 
20 ml of sodium diethyldithiocarbamate solution Let the solutions stand or 
20 minutes in subdued light Extract the copper complex from each solution wi 
three or four 5 ml portions of carbon tetrachloride Collect these portions cry 
them yith \a2SO4 and make up to 2o ml in xolumetnc flasks 
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(b) Measure the absorbance of each solution in the series at approximately 435 
m ft, using as the reference solution the solution to which no copper was added. 
Use cells of the same path length as used in Procedure ( d ). 

(c) Prepare a calibration curve by plotting the relationship between copper con- 
centration and absorbance. The calibration curve should be checked whenever 
necessary, depending on local conditions and on the type of instrument used. 

Procedure.— {a) Ash the specimen as described in the procedure for Ash Determi- 
nation, page 2151. Ash a blank consisting of the filter paper in the same manner 
and carry it through the procedure in the same manner as the sample. Add 15 ml. 
of HNO s (1:2) to the crucible, and digest the mixture on a steam bath for 30 to 
60 minutes. Wash the contents of the crucible into a small beaker or flask, dilute 
with water to not more than 25 ml., and filter into a second beaker. 

( b ) Add 5 ml. of citric acid to the filtrate, followed by NH 4 OH until the solution 
is strongly alkaline. Cool the solution, transfer to a separatory funnel, and add 
20 ml. of sodium diethyldithiocarbamate solution. After standing for about 20 
minutes in subdued light, extract the solution by shaking vigorously with three 
or four 5-ml. portions of carbon tetrachloride. If the last extract is not colorless, 
continue the extraction until it is. 

(c) After separation, draw off the carbon tetrachloride extracts and collect them 
in a stoppered flask containing about 0.1 g. of anhydrous Na 2 S0 4 . If turbidity 
persists after standing for 30 minutes, make further small additions of Na 2 S0 4 until 
the solution becomes clear. Then decant the solution through a plug of glass wool 
or through a small filter paper into a 25-ml. volumetric flask. Make up to volume 
with carbon tetrachloride, and transfer to the cell of a photoelectric photometer. 

(d) Measure the absorbance at approximately 435 m n, using the blank solution 
as the reference solution. 

Note.— If the absorbance is less than 0.30, use absorption cells of longer path length il 
maximum accuracy is desired. Obtain the calibration curve using the same path length 
and shape cells as used in the procedure. If the absorbance is gieater than 0.8, use cells 
of shorter path length or dilute the sample solution with CCI 4 , if maximum accuracy is 
desired. Disregard this note if copper is to be reported only to the nearest 0.5 p.p.m. 

(e) Determine the concentration of copper in the test solution from the absorb- 
ance reading and the calibration curve. Express the result as parts of copper per 
million parts of the rubber specimen. 

MANGANESE 

Similar precautions to those given for the copper determination are in order for 
this procedure as again a very sensitive test is required. The order of magnitude 
of the manganese content is 0-40 p.p.m. 

Apparatus. Photoelectric Photometer.— A spectrophotometer or filter photometer 
suitable for measurements at approximately 525 m/x with absorption cells 1 to 5 cm. 
in path length. The 5-cm. cells are preferred. 

Reagents. Manganese Sulfate, Standard Solution (1 ml. = 1 mg. Mn).— Dissolve 
0.77 g. of manganese sulfate (MnS0 4 -H 2 0) in water, add 2 ml. of sulfuric acid 
(H 2 S0 4 , sp. gr. 1.84), and dilute to 250 ml. with water. This solution should be 
stable for at least a month. 

Manganese Sulfate, Standard Solution (1 ml. = 0.02 mg. Mn).— Dilute 10 ml. of 
the MnS0 4 solution (1 ml. = 1 mg. Mn) to 500 ml. with water. Make up this 
solution fresh each day. 
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Orthophosphoric Acid (85 to 90 per cent) —Concentrated orthophosphoric za& 

(H 3 po 4 ) 

Potassium Hydrogen Sulfate (KHS0 4 ) 

Potassium Periodate (KI0 4 ) 

Potassium Permanganate Rinse Solution (0 03 g per 1)— Dissohe 003 g of po- 
tassium permanganate (KMn0 4 ) in water and dilute to 1 1 

Sulfuric Acid (I 19)— Mix 1 volume of concentrated sulfuric acid (H 2 S0 4 sp p 
I 84) with 19 volumes of water 

Preparation of Calibration Curve —(a) Prepare a series of standard solutions bi 
diluting portions of MnS0 4 solution (1 ml 0 02 mg Mn) ranging from 0 to 20 
ml to about 2 a ml with water adding 20 ml H S0 4 (1 19) and 03 g KI0 4 Heat 
each solution as described in Procedure (c) 

Note— I f the expected manganese content is below 20 ppm ihe calibration cune need 
not extend beyond 10 ml of standard MnS0 4 solution 

(6) Cool the solutions transfer to 50 ml volumetric flasks and dilute to volume 
Measure the absorbance at approximately 52o mu using the solution to whid no 
manganese was added as the reference solution Use absorption cells having the 
same length and shape as used in Procedure (d) 

(c) Prepare a calibration curve by plotting the relationship between manganese 
concentration and absorbance The calibration curve should be diecked wheneier 
necessary depending on local conditions and on the type of instrument used 

Procedure —(a) Wrap a 10 to 12 g specimen in a 15 cm ashkss filter paper plate 
5 g of KHS0 4 on top of the specimen in a porcelain crucible md ash in accord 
ance with the procedure (or \sh Determination page 21 o\ Ash a blank consist ng 
of the filter paper and the KHS0 4 m the same manner and carry it through the 
procedure in the same manner as the sample 

(6) Add 20 ml of H 2 S0 4 (1 19) to the crucible and heat the crucible on a steam 
bath for 30 minutes crushing the residue occasionally with a glass rod to facilitate 
dissolution Filler the solution into a 150 ml beaker rinse the crucible with water 
and pass the rinsings also through the filter 

Note— A filler crucible is preferred although filter paper may be used if it m no 
affects the final color development In cither case the filtrate shall be perfectly clear 

(c) Add 3 ml of H 3 P0 4 and 0 3 g of K.I0 4 to the filtrate and evaporate by 
careful boiling to a volume of less than 50 ml oser a period of approximate^ 
Yo minutes 'i ranfter frie so’iunon to abb mi volumetric TiaSx anti 'inn 

room temperature dilute the solution with water to the 50 ml mark 

Note —If a turbidity appears at this point or after transfer of the solution to an absorp 
lion cell it is probablv due to crystallization of KI0 4 In this case the solution mint K 
alloi ed to stand until it is clear or it must be refiltered and reheated in accordance 1 1 
Procedure (5) and (c) but without further addition of kl0 4 

(d) Rinse the cell of the photoelectric photometer with the KMn0 4 rinse solu 
non then with water and finally with the test solution Fill the cell with the test 
solution and measure its absorbance at approximately 52o m/t using the bhn 
solution as a reference solution 

Note— Tf 1 cm path length cells are used report the results only to the nearest 1 PP® 
If greater accuracy is desired use a cell of greater path length preferably a 5 on 
in order to obtain absorbance readings between 0 3 and 0 8 
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(e) Determine the concentration of manganese in the test solution from the ab- 
sorbance reading and the calibration curve. Express the result as parts of manga- 
nese per million parts of the rubber specimen. 

IRON 

The photoelectric photometer method given is superior in reproducibility to any 
visual method for analysis in the range of 0-40 p.p.m. While the iron content 
may frequently exceed 40 p.p.m., this figure may be considered an upper limit 
in that acceptable rubbers are nearly always below 40 p.p.m. 

Apparatus. Photoelectric Photometer.— A spectrophotometer or filter photometer 
suitable for measurements at approximately 510 m,u with absorption cells 1 to 3 cm. 
in path length. 

Reagents. Buffer Solution.— Dissolve 123 g. of anhydrous sodium acetate in 
water, add 90 ml. of acetic acid, and dilute the mixture with water to 500 ml. 

Note— If this buffer solution gives highly colored reference solutions, alternative buffer 
solutions can be prepared by dissolving 60 g. of sodium hydroxide (NaOH) or 80 g. of 
sodium carbonate (Na 2 C0 3 ) in 200 ml. of water, adding 180 ml. of acetic acid, and dilutin' 1 
to 500 ml. 

Hydrochloric Acid (sp. gr. 1.19).— Concentrated hydrochloric acid (HC1). 

Hydroxylamine Hydrochloride Solution (100 g. per liter).— Dissolve 10 g. of 
hydroxylamine hydrochloride in 100 ml. of water. 

Iron, Standard Solution (1 ml. = 0.1 mg. Fe).— Dissolve 0.7021 g. of ferrous am- 
monium sulfate (Fe(NH 4 ) 2 (S0 4 ) 2 -6H 2 0) in water containing 3 ml. of concentrated 
hydrochloric acid (HC1, sp. gr. 1.19) and dilute to 1000 ml. with water. This solu- 
tion should remain stable for at least a month. 

Iron, Standard Solution (1 ml. = 0.01 mg. Fe).— Dilute 10 ml. of the iron solution 
(1 ml. = 0.1 mg. Fe) to 100 ml. with water. The iron solution must be made up 
fresh each day. 

1,10-PhenantliroIine Solution (1 g. per 1.).— Dissolve 0.5 g. of 1,10-phenanthroline 
monohydrate in hot water and dilute to 500 ml. 

Preparation of Calibration Curve.— (a) Prepare a series of standard solutions by 
pipetting portions of 0, 5, 10, 15, and 20 ml. of iron solution (1 ml. = 0.01 mg. Fe) 
into 50-ml. volumetric flasks. To each add 1 ml. of HC1. 

(5) Make an analysis of each of the standard solutions as described in Procedure 
( b ) and (c), starting with the addition of the buffer solution and continuing through 
the measurement of the absorbance, using the solution containing no added iron 
as the reference solution. 

( c ) Prepare a calibration curve by plotting the relationship between iron con- 
centration and absorbance. The calibration curve should be checked whenever 
necessary, depending on local conditions and on the type of instrument used. 

Procedure.— (a) Ash a 10- to 12-g. specimen of homogenized rubber according to 
the ashing procedure described in the procedure for Ash Determination, page 2151, 
except that the temperature shall be maintained at 525 ± 25°C. and the sample 
shall be wrapped in a 15-cm. ashless filter paper. Ash a blank consisting of tire 
filter paper and carry it through the procedure in the same manner as the sample. 
Add 5 ml. of HC1 and 5 ml. of water to die crucible and digest the mixture on a 
steam plate for 30 to 60 minutes. If the solution has a deep yellow color, indicating 
the presence of much iron, add 5 ml. more of HC1 and continue the digestion for 
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30 minutes more Filter the solution, collect the filtrate in a 50 ml volumetric 
flask, and dilute to the 50 ml mark 

(b) Transfer an aliquot containing not more than 2 ml of HC1 to a 50 ml 
volumetric flask Add 10 ml of the buffer solution, then 1 ml of hydroxylamme 
solution, and 10 ml of 1,10 phenanthrolme solution. Dilute the solution to the 
mark with water and allow to stand for 
10 minutes Treat an equal aliquot of 
the blank solution by the same proce 
dure 

(c) Till the cell of the photoelectric 
photometer with this solution and ukk 
ure the absorbance at a wavelength o! 
approximately 510 mji, using the treated 
blank aliquot as a reference solution If 
the absorbance is greater than 0 8 repeat 
this step using a smaller aliquot If the 
absorbance is below 0 3, repeat with a 
larger aliquot if this is possible 

(d) Determine the concentration of 
iron in the test solution from the absorb 
ance reading and the calibration curve 
and express the value as parts of iron per 
million parts of the rubber specimen 

ACETONE EXTRACT 
The apparatus shown is used for all 
Soxhlet type extractions of both vulcan 
lied and unvulcanized rubber Acetone 
extraction should not be used on raw 
SBR types of rubber due to the presence 
of soap in these rubbers The soap may 
cause polymerization of the acetone to 
give high results for acetone extract 
The azeotrope of ethanol and toluene is 
. . used for raw SBR rubbers in a non 

h 70mm ■*) Soxhlet extraction procedure described 

Fio 43 1 Extraction Apparatus under Synthetic Rubber, Organic Adi 

page 2181 

Apparatus Extraction Apparatus.— The extraction apparatus used for acetone 
extract, chloroform extract, or for total extract, is of the general type and dimen 
sions shown in Fig 43 1 

Procedure .— Place a weighed specimen of approximately 2 g m a filter paper 
If the specimen is m the form of a sheet, cut it with scissors into stnps 3 to 5 ram- 
in width If the specimen may become tacky during the extraction, take care that 
adjacent portions are separated by paper Fold the paper so that it will fit ^ 
extraction cup and suspend the cup in a weighed extraction flask containing 
to 75 ml of acetone (Prior to the weighing of the extraction flask, it shall 
been dried for 2 hours at 70 ± 5*C and cooled m a desiccator to the temperatur 
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of the balance.) Extract the specimen continuously for 16 hours, heating at a rate 
such that the time required to fill and empty the siphon cup will be between 2.5 
and 3.5 minutes. (Hard rubber, and any soft rubber specimen having a ratio of 
total sulfur to rubber hydrocarbon in excess of 10%, shall be extracted for 72 
hours.) Carefully note all characteristics of the extract, both when hot and cold. 
Evaporate off the acetone over a steam bath, using a gentle current of filtered air 
to prevent boiling. Remove the flask from the steam bath just prior to the dis- 
appearance of the last traces of solvent to prevent loss of extract. Continue the 
passage of air through the flask for 10 minutes to remove the remaining solvent 
and dry the flask for 2 hours at 70 ± 5°C. in an air bath. Cool in a desiccator to 
the temperature of the balance and weigh. 

Calculation.— Calculate the percentage of acetone extract as follows: 

Acetone extract, per cent = — X 100 

B 

where A = grams of extract, and 

B = grams of specimen used. 

DIRT CONTENT 

This procedure is intended to give the purchaser some idea of the cleanliness of 
the raw natural rubber he is purchasing. Obviously, sampling is extremely impor- 
tant in this test and due consideration to sampling must be given. 

Apparatus. Sieve.— A No. 325 (44-micron) sieve. 

Reagents. Petroleum, Light, boiling between 60° and 80°C. 

Rubber Peptizing Agent.— A suitable rubber peptizing agent is a commercial 
mixture of xylene thiols, such as that designated RPA #3, available from E. 1. 
DuPont de Nemours and Co. 

Rubber Solvent, boiling above 130°C. 

Procedure.— Weigh a 10- to 12-g. specimen of homogenized rubber to the nearest 
0.1 g. and cut into bits having a maximum dimension of less than 3 mm. Place 
the bits in a 250-ml. conical flask and cover with 150 ml. of rubber solvent contain- 
ing about 0.5 g. of peptizing agent. Heat the mixture and maintain it at a tem- 
perature of 125 to 130°C. (Note) until dissolution is complete (about 3 hours). 

Pour the hot solution through a sieve previously weighed to the nearest 0.1 mg. 
Wash the flask three times with about 25 ml. of hot rubber solvent by pouring 
the solvent through the sieve. Transfer any dirt remaining in the flask to the sieve 
by means of a jet of light petroleum and wash until free of rubber solution. 
Dry the sieve containing the dirt at 100 ± 5°C. and weigh to the nearest 0.1 mg. 

Calculation.— Calculate the dirt content as follows: 

D = - X 100 
A 

where D = percentage of dirt, 

A = weight of the specimen, 

B — weight of the clean, dry sieve, and 
C = weight of the sieve plus dirt. 

Note.— O verheating or boiling may cause gelling or charring. 
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Fig. 43-2. Apparatus for Diying Toluene. 


the trap to cool for 15 minutes in water bath at room temperature. Lower the 
leveling bulb until the water collected in the trap is drawn into the graduated 
pot don of the capillary. 

Note.— I t is comenient to bring one end of the watei column to a fixed reference point 
on the capillai). Read the length of the column of water in the capillaiy to the neaiest 
millimetei. 

Calculation.— 


„ . 100(J3C) 

Moisture, per cent = 

A 

where A = the weight of the original sample, in grams. 

B = the length of the water column in millimeters. 

C — the calibration factor determined for the apparatus in the following matter. 

Preparation and Calibration of Equipment.— Coat the clean and air-dried (not 
o\en) apparatus with a thin film ol silicone resin by pouring a solution of 5% 
methyl chlorosilane in toluene into the trap, capillary, and condenser. Allow it to 
l einain in the apparatus about 5 minutes. Pour the solution out and dry the 
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ISOPRENE POLYMER (NR or IR) 

The direct method is based on an oxidation of the isoprene polymer with chromic 
acid to yield acetic acid. The acetic acid yield has been found to be 75% of the 
theoretical isoprene content by tests on purified natural rubber. This 75% figure 
is highly reproducible though unaccountably low. The acetic acid formed is dis- 
tilled and titrated after aeration to remove CO.,. The procedure is suitable for 
crude and vulcanized rubber products and for certain mixtures. The procedure 



Fig. 43-4. Apparatus for Direct Determination of Isoprene Polymer: A, Steam Generating 
Flask, 1000-ml.; B, Steam Tube, Standard Taper 24/40 Joint; C, Digestion Flask, 300-nil.; 
D, Connecting-Tube, Standard Taper 24/40 Joints; E, Connecting Bulb, Standard Taper 
24/40 Joints; F, Condenser; G, Adapter; H, Receiving Flask, 1000-ml.; I, Aeration Assem- 
bly; J, Capillary Tube. 


given is a combination of excerpts from ASTM Designations D297-61T 1 ® and 
D1278-61T 3 in order to make it applicable to crude and to vulcanized rubber 
samples. 

Apparatus. Digestion and Distillation Assembly.— The digestion and distillation 
apparatus shown in Fig. 43-4 may be conveniently assembled on a ring-stand with a 
tripod foot. The use of rubber or cork connections should be avoided where they 
might come into contact with the digestion mixture. 

Aeration Assembly, consisting of the parts labeled I and J in Fig. 43-4.— The 
assembly should fit the receiving flask of the distillation assembly. The stopper 
should carry two glass tubes, one of which extends to the bottom of the flask 
and the other enables a vacuum line to be attached to withdraw air from the top 
of the flask. The capillary tube, J, when connected to the vacuum line should 
maintain through die receiving flask an air flow of approximately 2 1. per minute. 
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If the vacuum is less than 30 mm of mercur), a capillar) tube approximate!) lj) 
cm in length with an 0 75 mm bore will maintain the required air flow Since 
it is essential that the aeration be maintained at a rate within 10 to 20 per ctrt 
of 2 1 per minute, each capillar} shall be tested before use The follow in® method 
ma) be used Insert a graduate oser a beaker fiPed with water and evacuate the 
air through the capillars b) means of a tube extending up into the graduate The 
rate of air flow soil be the same as the rate at which the water 611s the graduate. 

Realms Chromic Acid Digestion Mixture — Dissolve 200 g of chromium tn 
oxide (Cr0 3 ) in a00 ml of water and add 150 ml of concentrated sulfunc acid 
(HjS 0 4 sp gr I 64) 

Phenolphthalein Indicator, Alcoholic Solution (2 g per I)— Dissolve 02 g of 
phenolphihalein m 100 ml of ethanol 

Sodium H)droxide, Standard Solution (0 1 A) —Prepare and standardise a 01 \ 
solution of sodium h}droxide (NaOH) 

Preparation of Specimen (a) Vulcanized Rubber Products.— Weigh a sufficient 
amount of the sample sheeted to a thickness of 0 5 mm to contain approximate!* 
0 3 g of tsoprene polymer \\ rap the specimen loosely in 6Jter paper and extract 
b} the total extract procedure as described on p 220j After extraction dr) 
the specimen in an oxen at 100°C for 1 hour 

(b) Unvulcanized Rubber —Prepare a sample of the rubber b) sheeung it to a 
thickness of not greater than 0 5 mm (0 02 in ) in such a manner that specimens, 
when taken from the sheet will retain this thickness and will not be stick* UeHi 
a specimen of not oxer 0 3 q to the nearest 0 1 mg and cut it into four or ft t 
pieces of about equal size 

Extract the sample with acetone in accordance with Method for Acetone Extract, 
p 220a protecting it from the light during the extraction Drx the extracted rubber 
in an oxen for 1 hour at 70 to 75*C 

Note— M illing on an even speed mill can be used for this preparation The me of n 
odd speed mill at low friction ratios max be sausfactorv if the above requirements an be 
met Appreciable breakdown of the rubber must lie avoided 

Procedure —Place sufficient water in the receiving flask H to cover the end of 
adapter G Mark the outside of the digestion flask C at a point indicating the 
level at which the flask contains 75 ml of liquid and transfer 50 ± 1 ml of the 
chromic acid oxidation mixture to the digestion flask 

Lift the steam inlet tube to insert the weighed and extracted specimen After 
replacing the steam inlet tube raise a boiling water bath to immerse the digestion 
flask and heat the flask at 100'C for 1 hour At the conclusion ol this penod 
remove the water bath and continue heating directlv b) a Bunsen burner 

Note— I t is not necessar) to remove quantitativ elv anv filter paper adhering to th* 
speamen before transferring it to the digestion flask since the interference of 
amounts of cellulose is negligible 

Some specimens tend to float tn the reagent solution and do not react complete!' It i* 
sometimes possible to obtain more complete reaction bv adding the speamen to i 
reaction flask before adding the chromic acid oxidation mixture 

Pass steam from a suitable generator A into the flask When the volume of 
liquid in the flask has increased to 75 ml adjust the heat beneath the 
maintain this volume and continue the distillation until about 500 ml have® 
lected in the receiving flask H This operation will take about 45 minutes. 

At the finish of the distillation rinse the condenser F and adapter G with 
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and add the rinsings to the distillate. Reduce the temperature of the distillate to 
below 25°C., and remove dissolved carbon dioxide by aeration. This may be carried 
out by inserting into the receiving flask H, the aeration assembly I and /, and 
drawing air through the liquid at a rate of 2 ± 0.3 1. per minute for 30 minutes. 

After completion of the aeration, remove the tube from the flask and rinse with 
water, collecting the washings in the flask. Add phenolphthalein indicator, and 
titrate the solution with 0.1 N NaOH solution. 

Make a blank determination, using the same quantities of reagents and the same 
conditions of test as for the sample. The sodium hydroxide titration blank should 
not exceed 0.3 ml. 

Calculation.— Calculate the isoprene polymer content as follows: 


R = 


(L - Vb)N 
W 


X 9.08 


where R = percentage of isoprene polymer, 

V s = ml. of 0.1 A r NaOH solution required for titration of the sample, 

Vb = ml. of 0.1 N NaOH solution required for titration of the blank, 

JV = weight of the specimen, in g., and 

A r = normality of NaOH used. This calculation is based on a 75% yield of 
acetic acid from the isoprene polymer. Limitations as to type of materials 
analyzed by this procedure and interference from the usual compounding 
ingredients are summarized in Tables 43-1 and 43-2. 


Table 43-1. Degree of Interference of Rubber Compounding Ingredients 


Compounding 

Ingredient 

Interference 

1 

Combined sulfur 

1 

none in normal soft cures 

Carbon black 

none as tested in tread stocks 

Cellulose 

negligible, 2 per cent or less of its 
weight reacts as if it were isoprene 
polymer 

removed by acetone and chloroform 
extraction. If not extracted, ap- 
proximately 45 per cent of its 
weight reacts as if it were isoprene 
polymer 

negligible, after acetone and chloro- 
form extraction 
virtually unattacked 

Asphaltic hydrocarbon 
(mineral rubber) 

Factice, brown 

Vistanex 



PROTEIN 

The protein content of raw natural rubber may be determined on the acetone 
extracted material by a modification of the ASTM D982-52 procedure given in the 
section on Nitrogen Content of NBR Rubbers, page 2172, using a factor of 6.25 to 
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Table 43-2 Behavior of Rubber-like Materials in Chromic Acid 
Oxidation Procedure 


Material 

Value Obtained 

Hard rubber (NR or IR 

approximately 50 per cent of its 

products) 

weight reacts as if it were isoprene 
polymer 

Balata (NR) 

approximately equivalent to rubber 

TR 

approximately 18 per cent of its 
weight reacts as if it were isoprene 
polymer 

NBR 

approximately 1 5 to 2 per cent of its 
weight reacts as if it were isoprene 
polymer 

SBR 

approximately 3 per cent of its 
weight reacts as if it were isoprene 
polymer 

CR 

approximately 3 per cent of its weight 
reacts as if it were isoprene poly- 
mer if a modification of the proce- 
dure is used to avoid the interfer- 
ence of chlorine * 


a This modification consists of adding neutral KI solution to the distillate after ana 
tion and titrating any iodine that may be released with neutral NazSsOj solution before pro 
ceeding with the titration with 0 1 N NaOH solution 

comert the per cent nitrogen to per cent protein Because grading of natural rub- 
ber is olten done on the basis of nitrogen content, the procedure i$ also useful on tht 
unextracted crude rubber The nitrogen content is a measure of quality to the 
extent that it detects the presence of extra piotein ot other nitrogenous matter 
resulting fiom the inclusion of tree scrap, bark or skim latex rubber in the bile 
of rubber 

The procedure given m the section on Nitrogen Content of NBR Rubbers page 
2172, must be modified as follows because of the low nitrogen content and the larg e 
sample necessary for analysis High grades of rubber will not contain more than 
about 0 5% nitrogen Poor grades may run as high as 2% Use a 2g specimen 
of the homogenized rubber sample Add 60 ml of sulfuric acid for digestion and 
about the same quantity of catalyst and sodium sulfate as specified Approximately 
100 ml of the sodium hydroxide solution will be necessary to pros ide the desired 
excess of base prior to distillation 

SYNTHETIC RUBBERS 

Introduction .— There have been few attempts to provide standard methods for 
analysis of crude synthetic rubbers, particularly for the less common ' specia ty 



CRUDE RUBBER ANALYSIS 2165 

rubbers. Some methods do exist for the more common rubbers. These, together 
with some newer methods that are well on their way to becoming standard methods 
by virtue of long usage, are discussed in this section. 

The basic needs in this field are identification of types of rubbers, determination 
of composition of copolymers and determination of certain common impurities and 
additives found in the crude rubbers as supplied by the manufacturers. 

IDENTIFICATION OF SYNTHETIC RUBBERS- 
CHEMICAL METHODS 

Introduction .— The ASTM 5 - 1G has published methods that are rapid and simple 
for the identication of the common individual rubber polymers and copolymers 
used as synthetic rubbers. The methods are based on the papers by Burchfield 8 
and on information found in "The Services Rubber Investigations User’s Memo- 
randum, No. U9. 7 They are also applicable to analysis of rubber compounds and, 
in a few cases, to mixtures of polymers. Definitions and nomenclature referred to 
in this section appear in the introduction, page 2148. Unless otherwise specified the 
methods are applicable only to the "R” family of rubbers. The following is an 
abstract from the latest of the above mentioned ASTM methods. 16 

Scope .—' This scheme is for use in the identification of IR, CR, NR, IIR, NBR, 
and SBR type rubber polymers when each is present alone as a rubber or in a 
rubber product. Use of the scheme on mixtures of rubber polymers is not recom- 
mended unless the validity of the tests has been confirmed on known mixtures. 

IDENTIFICATION BY PYROLYSIS PRODUCTS 

Apparatus. Distillation Apparatus.— Test tubes, 10 by 75 mm., equipped with a 
glass condensing tube about 4 mm. in outside diameter attached to the test tube 
by means of a cork stopper. The condensing tube shall be Tent at least 90 degrees, 
and shall extend about 100 mm. beyond the bend. 

Receiver.— Test tubes, 10 by 75 mm., for collecting distillate. 

Test Tubes, 16 by 150 mm. 

Reagents. Solution I.— Dissolve 1.0 g. of jb-dimethylaminobenzaldehyde and 0.01 
g. of hydroquinone in 100 ml. of absolute methanol. Add 5 ml. of HC1 and 10 ml. 
of ethylene glycol. Adjust the specific gravity to 0.851 at 25/4°C. by the addition 
of a calculated amount of methanol or ethylene glycol. The reagent is stable over 
a period of several months when stored in a brown bottle. 

Solution II.— Dissolve 2.00 g. of sodium citrate (2Na 3 C G H r ,0-TlH,0), 0.2 g. of 
citric acid, 0.03 g. of bromocresol green, and 0.03 g. of Metanil yellow in 500 ml. 
of water. 

Procedure .— Strip the rubber from any adhering fabric. Place 0.5 g. of the 
sample in a test tube and attach the side arm. Heat with a microburner or very 
small Bunsen (lame until the sample begins to decompose. When vapors appear 
at the mouth of the side arm, immerse the end beneath the surface of 1.5 ml. of 
Solution II contained in the receiver test tube. After it is evident whether a color 
change will take place or not, remove the tube and continue the distillation into 
1.5 ml. of Solution I in another test tube. Permit the receivers to cool, and shake. 
Note whether die drops sink or float in Solution I and note the color changes in 

s Tentative Methods of Identification and Quantitative Analysis of Synthetic Elastomers 
ASTM Designation: D833-46T . 

<; Biuchfietd, H. P., Ind. Eng. Chem.. Anal. Ed., 1G, 424 (1944); Ibid., 17, 806 (1945). 

■ British Ministry of Supply, Admiralty, Ministry of Aircraft Production, London (1941). 
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both solutions Transfer Solution I to a 16 by 150 mm test tube and add 5 m ] 0 ( 
absolute methanol Heat on a water bath at 100°C for 3 minutes and note the 
color that develops Record all observations and classify the materia! by means 
of Table 43 3 


Table 43 3 Pyrolysis Test 


Rubber 

Polymer 

1 

Solution I 

Solu 
turn 11 

Initial Color 

Color after 
Heating 1 

Color 

Blank 

pale yellow 

pale yellow 

green 

CR 

yellow 

yellow 

red 

NBR 

orange-red 

red 

green 

SBR 

yellow-green 

green 

green 

NR or IR 

brown 

violet blue 

green 

IIR 

yellow (drop 

pale blue- 

green 


let floats) 

green 



IDEh TIHC A TIOi\ BY SPOT TESTS 

Reagents CR NBR Spot Test Papers —Dissolve 2 0 g of cupric acetate and 02s 
g of Metanil yellow in 300 ml of methanol Impregnate filter paper squares vutl 
the solution dry and cut into strips 

CR NBR Wetting Solution —Dissolve 25 g of benzidine dihydrochloride mi 
mixture of 500 ml of methanol and 500 ml of water Add 10 ml of an aqueous 
solution of hydroquinone (0 1%) Store in a brown bottle 

Note— A precipitate which usuallv forms on standing does not affect the efficient) m 
ihe solution If the solution is protected from light and air it can be used for sev eral 
months 

IIR Spot Test Papers —Use blank, filter paper strips 

HR "Wetting Solution —Add 5 0 g of yellow mercuric oxide (RgO) t0 awtvvtat 
of 15 ml of H 2 S0 4 and 80 ml of water Bring to a boil and continue heating 
until the oxide dissolves Cool and dilute to 100 ml with water 

SBR NR IR Spot Test Papers —Impregnate filter paper squares with a solution 
of 3 g of p dimethylaminobenzildehyde and 0 05 g of hydroquinone m 100 ml o 
ethyl ether Dry and cut into strips 

Note —P apers stored in brown glass bottles aie stable foi several weeks but v ill h* 
their efficiency if stored in light 

SBR NR IR Wetting Solution -Dissolve 30 g of trichloroacetic acid in »»P®j 
panol and dilute to 100 ml with isopropanol ( Caution —Avoid contact o 
reagent with the skin ) , 

Procedure —Wet a strip of each tvpe of spot test paper with the correspon^ 
wetting solution and hold each m turn in a parallel position about 5 mm 
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the surface of a heating element that is pressed against the sample. Record the 
colors obtained and classify the sample by means of Table 43-4. 


Table 43-4. Spot Test 


Rubber 

Polymer 

CR-NBR 

Test 

IIR Test 

SBR-NR-IR 

Test 

CR 

red 

blank ° 

green 

NBR 

green 

pale brown 

yellow-green 

SBR 

blank a 

brown 

blue-green 

NR or IR 

blank “ 

brown 

blue 

IIR 

blank a 

yellow 

pale lavender 


" Blank color tests may be pale brown rather than colorless. 

The heating element may be an electrically-heated knife or iron or an iron or 
file tip heated by a flame. It should be hot enough to cause dense fumes of pyrolysis 
product to be produced but not sufficiently hot to ignite the rubber. With vigorous 
eiolution of fumes, a test may be carried out in 4 to 6 seconds. Care should be 
taken to obtain a good color response on the side facing the fumes without scorch- 
ing the paper or the impregnating materials. 

CONFIRM A TOR Y TES TS 

Reagents. Acetone. 

Bromine. 

Carbon Tetrachloride (CC1 4 ). 

Chloroform. 

Ethyl Ether. 

/3-NaphthoI in Sodium Hydroxide (50 g. per I.). 

Iodine Solution, containing 0.2 g. of iodine per 1. of CC1 4 . 

Petroleum Ether, b.p. 40 to 60°C. 

Phenol. 

Sodium Hydroxide Solution (50 g. per 1.). 

Sodium Hydroxide Solution (200 g. per 1.). 

Sodium Nitrite Solution (18 g. NaNO„ per 1.). 

Zinc, granulated. 

Procedure.— Confirm the identification of rubber polymer made by pyrolysis prod- 
ucts oi spot tests by means of the following confirmatory tests: 

CR.— Shake a 0.2-g. sample with 2 ml. of iodine solution. If the violet coloi 
fades noticeably in 2 to 3 minutes, CR is indicated. 

Bum the sample in contact with a clean copper wire. A persistent green flame 
indicates chlorine. 

SBR-NR-IR.— Asphaltic extenders may interfere with distinguishing between SBR 
and NR or IR by the pyrolysis test. 

If 2 ml. of cliloroform show an appreciable darkening when shaken with a 0.2-g. 
sample of vulcanized rubber product, extract a fresh sample with chloroform in 
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accordance with the section on Chloroform Extract, p 2205, dry the extracted sample 
in a vacuum oven for 1 hour at 70"C , and repeat the pyrolysis test. v 

If 2 ml of acetone show an appreciable darkening when shaken with a 02c 
sample of rubber or unvulcanized rubber product, extract a fresh sample with ace 
tone m accordance with the section on Acetone Extract, page 2156, dry the extracted 
sample in a vacuum oven for l hour at 70°C , and repeat the pyrolysis test 
NR IR— Extract a fresh portion of the sample with acetone in accordance with 
the section on Acetone Extract, page 2156 Place a few milligrams of the extracted 
sample in a small evaporating dish and swell it in a little CCl t Add a few drops 
of bromine and let stand for about 2 minutes Add about 1 g of phenol and warm 
on a steam bath to remove the CC1 4 A blue to red violet color indicates NR or IR 
SBR —Boil 1 to 2 g of dried, acetone extracted sample under reflux with 20 ml 
of HNO. for 1 hour Dilute by pouring into 100 ml of water. Extract with 50, 2a 
and 25 ml portions of ethyl ether Combine the ether extracts and wash tw ice 
with 15 ml portions of water, discarding the water washings Extract the ether 
solution with three 15 ml portions of NaOH solution (50 g. per 1) and finally witli 
20 ml of water Discard the ether Combine the caustic extracts and water wash 
mg, make just acid with HC1, and add 20 ml in excess Heat on a steam bath 
and reduce the mtrobenzoic acid by adding 5 g of granulated 2 inc Male the 
solution alkaline with NaOH solution (200 g per liter), adding sufficient excess to 
just dissolve the precipitate that forms Extract twice with ether and discard the 
ether Make the aqueous solution acid with HC1, cool to room temperature, and 
add 2 ml of NaN0 2 solution Pour this diazotized solution into an excess of 
solution of p naphthol in NaOH A vivid scarlet color indicates SBR 

HR —Destructive distillation of IIR yields a white difficultly condensable vapor 
A light yellow mobile oil is obtained 

Place about I g of dried, acetone extracted sample m a test tube provided with 
a stopper and a bent delivery tube passing through a stopper almost to the bottom 
of a second test tube having a side arm Cool the second tube with ice By means 
of a delivery tube, connect the side arm of the second test tube to a small open 
test tube containing 0 5 g of mercuric acetate in 10 to 15 ml of methanol Heat 
the rubber strongly so that it is virtually all decomposed and distilled off Discard 
the liquid that collects in the second test tube Evaporate the methanol from the 
third tube but do not heat excessively toward the end of the evaporation Boil 
the residue with 25 ml of petroleum ether and filter from insoluble matter Evapo- 
rate the filtrate to a small volume, chill in ice, and scratch the sides of the vessel 
to induce crystallization Dry the mercury derivative at 30 to 40°C and determine 
the melting point (about 55°C) Carry out a mixed melting point determination 
with the mercury derivative made from known IIR. The derivative is thought to 
be methoxyisobutyl mercuri acetate, 

CHj 

I 

CH3O — C — CH 2 Hg COOCHj 

I 

CHj 

IDENTIFICATION OF SYNTHETIC RUBBERS- 
INFRARED ABSORPTION METHOD 

While die infrared absorption method for identification of crude rubbers has no 
been accepted as a standard mediod by any standardizing body, it has become 
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general usage a method fully as useful as a standard method. Moreover, it has 
the added advantage of permitting the identification of all types of rubbers and 
of distinguishing them from plastics or other rubbery materials which may appear 
to resemble rubbers when examined in the crude state. The disadvantage is the 
equipment necessary. This is a serious problem only to the small control labora- 
tory. Today, any laboratory which does any considerable amount of work on 
identification of organic compounds can scarcely do without one of the compara- 
tively inexpensive bench model infrared spectrophotometers. It is probable that 
tlie lack of standardization in this field is due to the variety of techniques and 
instruments available. Two useful methods are outlined below. 

a. Film Transmission Method.— Obtain the infrared absorption spectrum from 
about 2.5 to 15 microns on a film of the rubber prepared by pressing tbe sample, 
or by dissolving it in a suitable solvent, painting or spreading it on a rock salt 
plate and evaporating the solvent. Compare the spectrum with reference spectra 
of the various rubbers. See the section on Identification of Rubber Polymers, page 
2191, for references. 

b. Pyrolysis Method.— Prepare a pyrolyzate of about 0.5 g. of rubber by heating 
in a test tube as described in the section on Identification of Rubber Polymers. 
Obtain the infrared absorption spectrum of the pyrolyzate and compare with known 
spectra prepared in a similar manner. 

COMPOSITION OF THE POLYMER OR COPOLYMER 
IN A CRUDE RUBBER 

The determination of the composition of a crude rubber is of importance for 
specification purposes and is often of scientific value. 

BOUND STYRENE IN SBR 

The most common example of the need for composition analysis is the deter- 
mination of the bound styrene (copolymerized styrene) content of the general pur- 
pose synthetic rubber, SBR, and of the various other copolymers of styrene and 
butadiene that are commercially available. The ASTM method s for this deter- 
mination is the accepted standard of the industry. It has the disadvantage of being 
useful only for rubber from which all foreign substances can be extracted. It is 
obviously not useful for the commercially available mixtures with carbon black, 
and it is not currently used as a standard method for use with oil-extended crude 
SBR although it may be so used. The following is a detailed description of the 
method. 

Summary of Method— The thinly dried and sheeted sample is cut in small strips, 
then extracted twice with ethanol-toluene azeotrope in a 400-ml. flask at the boiling 
point of the solvent. The extracted rubber is dried, then pressed between sheets of 
aluminum foil. Strips of the rubber are then pressed against the prism of a re- 
fractometer and the index of refraction measured. The percentage of bound 
styrene is calculated or determined from a table of known values at given refractive 
index and temperature. 

Apparatus and Materials. Spiders, consisting of %-in. squares of sheet aluminum 
or stainless steel, having a Nichrome wire leg about 1}<> in. long attached to each 
corner; and of E>-in. squares cut from a sheet of tantalum, having legs of tantalum 
wire 1 L in. long. 

s Tentative Methods for Chemical Analysis of Synthetic Elastomers (Solid Styrene- 
Butadiene Copolymers), ASTM Designation; D1416-61T. 
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Flask 400 ml 
Vacuum Oven 
Aluminum Foil 

Abbe Refractometer, four place 

Glass Test Piece standard for checking adjustment of the refractometer 
Ethyl Alcohol and Lens Paper, for cleaning the test piece 
Flashlight Bulb or Auto Lamp, not exceeding 3 candlepower 
Tube of Rolled Aluminum approximately 2 in long 
Tissue Paper 

Alpha Bromonaphthalene, for pressing between glass test piece and measur n» 
prism of the refractometer 
Razor Blade 

Reagents Ethanol Toluene Azeotrope (ETA), prepared by mixing 70 volumes 
of ethyl alcohol and 30 volumes of toluene refluxing the mixture 4 hours o\ts 
CaO and distilling Discard the first and last portions keeping only that distillate 
coming over within a range of 1°C Distilling maj be as aided by using absolute 
gram alcohol or anhydrous Formula 2 B alcohol 

Acidified Ethanol Toluene Azeotrope, made by adding 10 ml o£ HC1 to a pot 
tion of the ET \ and making up to 1 1 with the £T \ 

Procedure —{a) Dry the polymer m accordance with directions given in the sec 
tions on \olatile Matter by the Hot Mill Method or \ olatile Matter by the Mill 
Oxen Method pages 2176 and 2177 and sheet it to a thickness of 0020 in or less 
Cut die sheeted polymer into strips approximately M m wide and 1 in long Fasien 
one strip to each leg of the aluminum or stainless steel spider thus allowing ead 
portion of rubber to be contacted on all sides by the solvent Place the spider and 
strips in the 400 ml flask into wrhich 60 ml of ETA has been placed For alum 
coagulated polymers use 60 ml of acidified ETA and the tantalum spiders Ex 
tract for 1 hour at a temperature at which the solvent bods gently replace the 
solution with another 60 ml of ETA or acidified ETA and extract for another 
hour (Note 1) Remove the spider from the flask and dry the rubber in the 
vacuum oven at about 100°C for at least 1 hour Avoid plastication of the sample 
by ov erheating 

Note 1 —It is important that the test specimens be extracted and dried thorough! 
Since eiihcr residual solvent or incompletely extracted materials will result in erroneous 
readings of the refractive index 

{b') Alter the specimens have been thoroughly dried remove the strips hr®- ‘hr- 
spider Prepare 1 in squares from the clean aluminum foil Press each strip 
between two of the aluminum squares with a force of 50 to 300 lb for each sped 
men (for example if ten squares are pressed at the same time use a force ol 500 
to 3000 lb ) and at a temperature of 100°C for from 3 to 10 minutes The period 
of time most suitable for the pressing is that which results in the most distinct 
line dividing the light and dark portions of the telescope field Hold the strips at 
the same pressure for 10 minutes at room temperature either by circulating co 
water through die press platens or by using a press equipped with both co'd an 
hot platens 

(c) Measure the refractive index with the Abbe refractometer in the same manner 
as tint used for measuring the index of solids Check the adjustment of the re 
fractometer using the standard glass test piece (Note 2) Circulating water ^ 
2o°C through the prism or performing the test in a constant temperature room 
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Place the specimen on the prism of the refractometer with the cut edge away from 
the obsener, perpendicular to the length of the prism face, and at the same poa 
tion occupied by the polished edge of the glass test piece Press the specimen 
firmly against the foil until it wets the glass leasing no air entrapped between 
the prism and the specimen near the cut edge (Note 6) 

Note 6 Caution —Under no circumstances should the rubber specimen be damped 
between the two refractometer prisms as in measurements with liquids Attempts to dost 
the prisms with rubber between them ma) distort the hinges loosen the prism mountin»s 
or damage the prisms 0 

(/) Circulate water hawng a temperature within 2°C of room temperature 
through the tap housing to the measuring prism of the refractometer and throu»h 
a cored brass block of about the same size as the prism housing, mounted met 
the specimen Allow at least 1 minute for the specimen to reach temperature 
equilibrium after the block has been placed over the specimen and before an index 
reading is made 

(g) Adjust the compensator to give as nearly white light as possible and set the 
boundary between the light and dark portions of the field on the intersection 
of the cross hairs In reading the line adjust the compensator drum so that of 
the two possible points of compensation the one used with the rubber specimen 
is the one nearer to that used with the glass test piece Approach the setting flora 
a position in which the intersection is in the light portion of the field Make at 
least three readings and if there is a difference of more than 0 0001 between the 
readings mount a new strip on the prism and repeat the readings If average 
\ alues obtained on different specimens from the same pressed specimen differ by 
more than 0 0002 extract a new portion of the original sample and repeat the 
measurements At each reading record the temperature to the neirest 0I*C by 
means of a thermometer graduated in units of 0 2’C or less 

Calculation —(a) Calculate the value of the Tefractrve index at 25°C from the 
observations as follows 


n 2S = n, - 0 00037(/ - 25) 

where = refractive index at 25°C , and 

n t = refractive index observed at temperature, t 

(b\ Calculate the bound styrene as follows 

■S' = 23 50 + 1164^ - 1 53456) - 3497( n25 - 1 53456)* 

where S = Styrene content of the rubber hydrocarbon in per cent by weight 

MTROGEh CON T Eh T OF NBR RUBBERS 
The bound acrylonitrile (copolymenzed acrylonitrile) content of NBR rubbers 
is of particular interest in that it determines the oil resistance of the rubber 
Nitrogen may be determined by the kjeldahl methods given in Volume I of Sou 
ard Methods of Chemical Analysis or in the Standard Method of Test for Organic 
Nitrogen in Paper and Paperboard 9 An abstract of these methods as applied to 
the determination of nitrogen m NBR rubber is given here 
9 ASTM Designation D982 52 
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Apparatus .- A Kjeldahl digestion and distillation apparatus will be required. 
Apparatus with ground-glass joints, preferably of the interchangeable type, is de- 
sirable. An 800-mi. Kjeldahl flask is a suitable size. 

Reagents. Sodium Sulfate.— Anhydrous, powdered, c.p. Na 2 S0 4 . 

Cupric Sulfate.— Crystallized, c.p. CuS0 4 -5H 2 0. 

Selenium Oxychloride.— c.p. SeOCl 2 . 

Metallic Mercury or Mercuric Oxide, c.p. 

Sulfuric Acid (sp. gr. I.84).-c.p. concentrated H 2 S0 4 . 

Zinc.— Granulated or stick zinc. 

Sulfide or Thiosulfate Solution.— Any of the following solutions may be used: 
40 g. of commercial K 2 S or 40 g. of Na 2 S or 80 g. of Na 2 S 2 0 3 -5H 2 0 dissolved in 
1 liter of distilled water. 

Sodium Hydroxide Solution (785 g. per 1.).— Dissolve 785 g. of c.p. NaOH in 
distilled water and dilute to 1 liter. 

Standard Sulfuric or Hydrochloric Acid (0.1 TV). — Dilute 8.5 ml. of HC1 (sp. gr. 
1.18) or 2.8 ml. of H 2 S0 4 (sp. gr. 1.84) to 1 liter with distilled water and standardize 
accurately. 

Alcoholic Methyl Red Indicator Solution.— Dissolve 1 g. of methyl red indicator 
in alcohol and dilute to 1 liter. 

Standard Sodium Hydroxide Solution (0.1 A).— Dissolve 4 g. of c.p. NaOH in 
distilled water and dilute to 1 liter. Standardize against the standard acid, using 
methyl red indicator. 

Boric Acid Solution (40 g. per 1.).— Dissolve 40 g. of c.p. H 3 B0 3 in warm distilled 
water, dilute to 1 liter, and cool to room temperature. 

Alcoholic Mixed Indicator Solution.— Dissolve 4 g. of bromcresol green and 
0.8 g. of methyl red in alcohol and dilute to 1 liter. 

Procedure .— Place about 0.5 g. of the prepared specimen, weighed to the nearest 
1 mg., in the Kjeldahl flask. Add 10 g. of powdered, anhydrous Na 2 S0 4 and either 
0.3 g. of crystallized CuS0 4 or 0.15 g. (5 drops) of SeOCl 2 solution, and about 0.5 g. 
of metallic mercury or 0.55 g. of HgO. Then add 25 ml. of H 2 S0 4 (sp. gr. 1.84). 
Place a small glass funnel or a Tuttle flask cover in the neck of the flask, heat 
gently under a hood over a flame until frothing has ceased, and then digest with 
increasing temperature until oxidation is complete. This generally requires 1 to 2 
bouts after the mixture becomes clear and colorless, or nearly so. 

Cool and dilute with 300 to 325 ml. of water. Add about 2 g. of stick or granu- 
lated zinc to prevent bumping during the distillation (the stick zinc may be used 
for several distillations) and 25 ml. of the sulfide or thiosulfate solution. (When 
Na 2 S 2 0 3 is to be used, mix it first with the NaOH solution so that they may be 
added together.) Add NaOH solution (785 g. per 1.) to the contents of the flask in 
such amount (usually 55 ml.) that there is an excess of 5 ml. present. This solution 
must be poured carefully down the side of the flask so that it does not mix with 
the acid contents. The total volume of the solution should be about 400 ml. 

Immediately connect the flask to a condenser having the discharge end of its 
delivery tube just beneath the surface of a measured amount of 0.1 N H,,S0 4 or 
HC1 diluted to 100 ml. (25 ml. of 0.1 N acid is usually sufficient), or just beneath 
the surface of 100 ml. of H 3 B0 3 solution (40 g. per 1.). Mix the contents of the 
Kjeldahl flask by swilling the flask, slowly at first and then more rapidly. Start 
heating the flask immediately and distill the contents for about 45 minutes, taking 
care to avoid spurting. The total volume of distillate should be about 200 ml. 
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Titrate the contents of the receiver flask with 01 A' NaOH, using methyl red 
indicator (when H 2 S0 4 or HC1 is used as the recen ing solution), or with 0 1 \ 
H 2 S0 4 or HC1, using mixed bromcresol green methyl red indicator (when H BO 
is used as the receiving solution) 

Blank —Make a blank determination by conducting the entire procedure, usin* 
only the reagents 

Calculation —When H^O., or HC1 is used as the receiving solution calculate 
the nitrogen content as follows 


Nitrogen, per cent = 


(r,-Fi)xJyxooi4 ., ]oo 


where V\ — milliliters of NaOH solution required to titrate the contents of the recener 
flask, 

V« = milliliters of NaOH solution required to titrate the contents of the receiver 
flask in the blank 

N = normality of the NaOH solution, and 
\V — grams of test specimen 

When H a B0 3 is used as the receiving solution calculate the nitrogen content as 
follows 


Nitrogen, per cent = 


(Vi - 


VJXNX 0 014 xl0[) 

w 


where V\ = milliliters of acid required to titrate the distillate from the determination, 
V 2 = milliliters of acid required to titrate the distillate from the blank 
V = normality of the acid solution and 
IV = grams of test specimen 


CHLORINE CONTENT OF CR RUBBERS 

The chlorine content of crude polychloroprene (CR) or of copolymers with 
chloroprene may be determined by the Standard Method of Test for Total Chlo- 
rine in Vinyl Chloride Polymers and Copolymers 10 if the details of the method 
abstracted below are followed The method can also be applied to vulcanized CR 
samples and to other chlorine containing polymers and copolymers Tor use with 
tins method the specimen not exceeding 0 225 g must be as finely divided as 
possible and must be added to the sodium peroxide in the bomb cup in sudi * 
manner as to prevent aggregation of the particles of the specimen The nominal 
value of the chlorine content of crude commercial CR is considered to be 37 
per cent 

Outline of Method— The organic matter is destroyed by hot sodium peroxu e 
and the chlorine is converted to chloride The chloride is precipitated as silver 
chloride with an excess of standard silver nitrate, and this excess is determined y 
titration with standard thiocyanate solution using ferric nitrate indicator and nitro- 
benzene to depress the solubility of the stiver chloride The amount of silver 
nitrate required to precipitate the chloride is a measure of the total chlorine co« 
tent of the sample 

Apparatus Parr Peroxide Bomb, Senes 2100, 22 ml, gas fired (The a 17 
Peroxide Bomb may be obtained from the Parr Instrument Co , Moltne III ) 

ASTM Designation D1303 55 



CRUDE RUBBER ANALYSIS 2175 

Reagents and Materials. Powdered Sugar (preferably c.p. sucrose). 

Sodium Peroxide, c.p., calorific grade, assay 95%, minimum, as Na 2 0 2 . (Keep 
Na 2 O a in a tightly closed container, and away from moisture.) 

Nitric Acid (sp. gr. 1.42). 

Silver Nitrate Solution (0.1 N). 

Ammonium or Potassium Thiocyanate Solution (0.1 N). 

Ferric Nitrate Solution (50 g. Fe(N0 3 ) 3 per 1). 

Nitrobenzene, c.p. 

Procedure — To a clean, dry, 22-ml. Parr bomb cup add 0.200 to 0.225 g. of finely 
divided sample. Add 0.5 g. of dry powdered sugar and a standard measure (15 g.) 
of Na.,0 0 . Close the bomb tightly with the lid and the retaining rings, and shake 
vigorously to mix the contents. Tap the bomb lightly on the bench to dislodge 
particles sticking to the cap and to the upper portion of the bomb cup. Set the 
bomb over the hole in a steel housing supported on a tripod. A small steel cham- 
ber with an access door and a small sight hole built over the tripod is desirable for 
reasons of safety. 

Add 2 ml. of water to the depression in the bomb cover. Apply a very hot 
Bunsen flame to the bottom of the bomb. Adjust die air to the burner to give a 
cone about in. high, the apex of which should be just short of contact with the 
bottom of the bomb. Allow to heat until the water in the lid begins to boil or 
until a dark red ring appears on the side of the cup, then quench in cold water. 
Caution: The heating of the bomb is of extreme importance, since underheating 
will cause incomplete oxidation of the organic matter and low chlorine results, 
while overheating will cause possible damage to the bomb cup and even an explo- 
sion. These bombs are not intended to operate at a red heat, but there is no 
serious danger involved in this method of oxidation provided the proper charges 
are used in a bomb that is in a satisfactory condition, and provided the proper 
heating technique is used (Note 1). The 22-ml. bomb cups should be discarded 
if the sides or bottom become visibly swollen, or if the interior surfaces become 
worn or corroded to an inside diameter of 1.08 in. at any point. 

When the bomb is cold, remove it from the quenching bath, rinse it off with 
water, and open. Place the bomb cup on its side in a clean 600-ml. beaker and 
add water until about half covered. Rinse off the bomb cover thoroughly with 
water, catching the rinsings in the same beaker. Cover the beaker with a watch 
glass, and warm slightly until the contents of the bomb are dissolved. Remove the 
bomb cup and rinse thoroughly with water, catching the rinsings in the same 
beaker. Transfer quantitatively to a 500-ml. glass-stoppered flask, add 2 to 3 drops 
of phenolphthalein indicator, neutralize with HN0 3 , using care to avoid loss by 
spattering and overheating, and add an excess of 5 ml. of HNO s (Note 2). Add 
2 ml. of nitrobenzene (Note 3) and 50.0 ml. of 0.1 N AgNO s solution, stopper, and 
shake until the precipitated AgCl becomes a spongy mass. Add 10 to 15 ml. of 
Fe(N0 3 ) 3 indicator solution and titrate with 0.1 A r thiocyanate solution to the first 
pink end point. 

Run a blank determination at least every time a change in solutions or reagents 
is made, to insure against high results caused by chlorides in the reagents. 

Note 1.— A careful reading of Parr Manual No. 121 on the method and precautions used 
in this method is suggested. 

Note 2.-When properly fired, the bomb leachings are free of black particles, and the 
acidified solution is substantially clear. II not, a new sample must be prepared and fired. 
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Note 3 Cant on —Nitrobenzene is toxic and care must be used to avoid contact n j 
the skin 

Calculations —Calculate the chlorine content as follows 


Total chlorine per cent — 


(ml of A Ag NO 3 — ml of A thiocyanate) X 3 546 
vvt of sample 


OTHER SYATHETIC RUBBERS 

No standard methods or published methods that have attained wide usage exist 
for the determination of the polymer or copolymer content of other crude syn 
the tic rubbers with the exception of 1R the polyisoprene content of which may 
be determined by the method given m the section Isoprene Polymer (NR or IR\ 
page 2161 Certain special purpose rubbers can undoubtedly be analyzed by spec fie 
functional group methods 

Infrared absorption rather than chemical methods will in all probability be 
come the standard methods of the future for the analysis of many of the newt 
rubbers based on polymers of diolefins and olefins particularly those contain g 
specific structural configurations The simplicity of this technique as used on 
pressed films or films spread from solution commends it as a standard method 
Unfortunately variations m equipment vanations in current methods of pre 
sei ting spectra in publications and the high degree of skill necessary to interpret 
minute differences in the spectra is well as differences arising from the degree of 
crystallinity of the polymers make this technique a research tool rather than oie 
for routine use in determination of polymer structure It is however the best 
available procedure for the determination of general composition of most polymers 
and copolymers when sufficient calibration data have been obtained Its use both 
for composition ind structure determination cannot be overemphasized m it 
of the 1 »ct that the properties of these rubbers are usually dependent on the r 
composition and structure 


DETi-RiMIN A f ION OF NONRUBBLR CONbTI I ULNTS IN SBR 
The methods applicable to SBR have been worked out and have been adopted 
as Tentative Standards by the ASTM l * * * * * * 8 These methods may be applied to other 
synthetic rubbers in cases where it can be proved that they will yield satisfactory 
results The details of the procedures are given below 


l OLA TILE MATTER BY THE HOT MILL METHOD 

Scope and Application —Reference to volatile matter pertains principally to the 

moisture content of the elastomer A situation may arise where the polymer is too 

tacky to handle satisfactorily on a hot mill If such is the case the MiHOe 

Method which follows should be used 

Summary of Method —A weighed sample of rubber is sheeted out on a heated 

mill until all volatile matter is driven off A sample is weighed again and the pet 
centage of volatile matter is calculated 

Procedure —Weigh the representative sample (at least 450 g ) to the nearest 0 \g 
Pass the weighed sample repeatedly through a laboratory mill with the rolls of the 
mill maintained at 200 to 220 F and the distance between the rolls at 0010± 
0 002 in as determined by a lead slug Do not allow the sample to band an 
take care to prevent any loss of sample At the end of 4 minutes weigh the samp e 
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to the nearest 0.1 g. Pass the sample through the mill for an additional 2 minutes, 
and reweigh it. If the "weights at the end of the 4- and 6-minute periods are 
within 0.1 g., calculate the volatile matter; if not, continue passing the sample 
through the mill for 2-minute periods until the weight remains constant within 

0.1 g. 

Calculation.— Calculate the percentage of volatile matter as follows: 

A — B 

Volatile matter, per cent = — - — X 100 

A 

where A = weight in grams of the original sample, and 
B = weight in grams of the sample after milling. 

VOLATILE MATTER BY THE MILL-OVEN METHOD 

Scope and Application.— This method is used principally to determine the mois- 
ture content of solid synthetic elastomers that are normally too tacky to be handled 
satisfactorily on a heated mill. 

Summary of Method.— A weighed sample of polymer is sheeted out on a labora- 
tory mill, then placed in an oven and dried to constant weight. The difference 
in weight before and after drying is calculated as volatile matter. 

Procedure.— Sheet out the sample of the polymer (at least 250 g.) on a laboratory 
mill, with the distance between the rolls set at 0.010 ± 0.002 in. as determined by 
a lead slug, and the temperature of the roll being no greater than 90°F. Weigh 
the entire sheet to the nearest 0.1 g. Place in a forced-circulation oven set at 200 
to 220°F. so that both surfaces of the sheet are exposed to the draft. Allow the 
sample to remain in the oven until the weight is constant to within 0.1 g. Usually 
1 hour is sufficient for polymers containing no more than 1.0% moisture. 

Calculation.— Calculate the percentage volatile matter as follows: 

A p 

Volatile matter, per cent = — X 100 

A 

where A = weight in g. of the sample before placing in the oven, and 
B = weight in g. of the sample after drying. 

TOTAL ASH 

Summary of Method— The dried sample is accurately weighed into a tared cru- 
cible and ignited in a muffle furnace at about 550°C. until all the carbonaceous 
material is oxidized. The crucible is then allowed to cool in a desiccator, weighed, 
and the percentage of ash is calculated. 

Apparatus. Crucible, tared, having a minimum volume of 25 ml. per g. of 
sample; or an aluminum dish of 50-ml. volume. 

If water-soluble ash is to be determined (see method following), use a fine-poros- 
ity fritted-glass filtering crucible, placing a small ashless filter paper in the bottom 
of the ciucible in order to prevent loss of liquid pyrolysis products. 

Asliless Filter Paper, 15 cm. in diameter. 

Muffle Furnace, with suitable temperature control. 

Preparation of Sample.— Prepare the sample by drying, in accordance with direc- 
tions given in sections on Volatile Matter by the Hot-Mill Method or Volatile 
Matter by the Mill-Oven Method, above, and sheet it to a thickness of 0.020 in. 
or less. 
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Procedure —Accurately weigh 3 to 5 g of the dried and sheeted sample m the 
tared crucible, which has been ignited to constant weight at 550 ± 25*C In the 
case of alum coagulated rubbers which tend to boil over during ashing wrap the 
sample tightly in a 15 cm ashless filter paper before ashing Place the crucible 
containing the sample directly into the muffle furnace at 550 ± 25“C and allow 
it to remain there until the carbonaceous material m the sample has been com 
pletely oxidised 

Caution —Do not open the door of the furnace for at least 1 hour after the 
crucible has been placed m the furnace 

After the carbon has been completely oxidized remove the crucible from the 
furnace, cool it to room temperature in the desiccator, and weigh it If the ash 
line is less than H in below the rim of the crucible discard the sample and deter 
mine the ash content of an alternate sample 
Save the ashed sample if soluble ash is to be determined 
Calculation —Calculate the percentage of total ash as follows 

Total ash, per cent = ^ X 100 

where D = weight in g of the crucible plus the dry sample, 

E =* weight in g of the crucible, and 
F = weight in g of the crucible plus the ash 

WATER SOLUBLE ASH 

Summary of Method —The ash obtained m determining total ash in the foie 
going procedure is digested and washed with three 30 ml portions of water the 
crucible and contents are dried m an oven, and the crucible is then placed m a 
muffle furnace to oxidize the carbonaceous material The crucible is then cooled 
weighed and the percentage of soluble ash is calculated 

Apparatus Filtering Crucible, of fine porosity fritted glass or a sintered porce 
lain crucible 

Ashless Filter Paper, small 
Glass Stirring Rod 
Rubber Policeman, diagonal form 
Drying Oven 

Muffle Furnace, equipped with a suitable temperature control 
Procedure —Ash the sampfe as described in the foregoing procedure /or tavav 
asli determination using a filtering crucible having a fine porosity, fritted glass 
bottom, md containing the small ashless filter paper m the bottom Add 30 nil 
of hot water at i temperature of 80 to 90°C , to the crucible Allow to stand for 
5 minutes stirring with the glass rod having the rubber policeman Filter the 
solution with suction and repeat the digestion with two additional 30 ml portions 
of hot water Place the crucible in the drying oven at 105±5°C for 1 h° ut 
Then place the crucible in the muffle furnace at 275 ± 25°C and allow it to K 
main until all the carbonaceous material has been completely oxidized ll e 
sintered porcelain crucible is used, heal m the furnace at 550 ± 25'C (Caution 
Do not open door of furnace for at least 1 hour after crucible has been placed m » ) 
After the carbon has been completely oxidized, Temove the crucible from e 
muffle furnace, allow n to cool to room temperature in a desiccator, and accura ey 
weigh it 
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Calculation.— Calculate the percentage of water-soluble ash as follows: 

Q ^ 

Water-soluble ash, per cent = — — X 100 

r D — E 

where D = weight in g. of the crucible plus the dry sample, 

E = weight in g. of the crucible, 

F = weight in g. of the crucible plus the total ash, and 
G = weight in g. of the crucible plus the insoluble ash. 

CARBON BLACK IN MASTERBATCH 

Summary of Method.— The prepared dried sample and a sample of standard SBR 
(GR-S) black determinate 11 are tested in triplicate. The samples are accurately 
weighed into tared crucibles, and then placed in a combustion tube, at 550°C., 
which is continuously flushed with C0 2 until the rubber hydrocarbon is distilled. 
The crucibles and contents are cooled in a desiccator, weighed, then inserted into 
a muffle furnace at 550°C. until all carbonaceous material is burned. The crucible 
and contents are again cooled in a desiccator and weighed. The percentage of 
carbon black is calculated from the weights. 

Apparatus. Drying Oven. 

Six Porcelain Crucibles, No. 00000, tared. 

Weighing Bottles, tared. 

Fused Alumina Combustion Boats. 12 

Combustion Tubes. 13 

Combustion Furnace. 

Preparation of Sample.— Blend 200 g. of the dried sample obtained in accord- 
ance with directions in sections on Volatile Matter by Hot-Mill or Mill-Oven 
Methods, pages 2176 and 2177, by passing it five times between the rolls of a labora- 
tory mill. Maintain the roll temperature at 120 ± 10°F. and a distance between the 
rolls of 0.020 ± 0.005 in. After blending, sheet the sample from the mill with the 
distance between the rolls set at 0.010 ± 0.002 in. Dry approximately 2 g. of the 
blended, thinly sheeted material for 1 hour in the oven at 200 to 220°F. Keep the 
dried sheet in a desiccator until ready to weigh the samples. 

Procedure.— Into the tared porcelain crucibles accurately weigh three 0.3- to 
0.5-g. samples from the sheet of material being tested and three 0.3- to 0.5-g. samples 
from a similarly prepared sheet of standard GR-S black determinate. Due to the 
hygroscopic nature of the samples and the carbon black, weigh the crucibles and 
contents in the tared weighing bottles. 

Place the six crucibles in a fused alumina combustion boat, or boats, alternating 
the samples of determinate and the test samples. Insert the combustion boat, or 
boats, into the combustion tube. Pass a stream of oxygen-free CO., through the 
tube, at a flow-rate of 150 to 250 ml. (atmospheric pressure) per minute. After the 
tube has been swept free of oxygen (approximately 5 minutes is sufficient time), 

uStandaid SBR black determinate may be prepared by careful mill mixing of the 
particular type of caibon black being determined with SBR on a laboratory mill. The 
weight of carbon black used and the total batch weight determine the percentage of black 
in the determinate, on an as-compounded basis. 

12 Alundum No. 3 combustion boats have been found satisfactory for this purpose. 

13 The McDaniel high-temperature combustion tube, 30 in. long by I in. in diameter, 
or equivalent, is recommended. This tube will accommodate a maximum of two com- 
bustion boats containing six samples each within the heated area of the furnace. 
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ORGANIC ACID 

Summary of Method .— Thin narrow strips of the dry polymer are accurately 
weighed to secure about 6 g. The strips are extracted twice with hot ethanol- 
toluene azeotrope (ETA) solvent for 1 hr. each. The solvent used in the extrac- 
tion is transferred to a 250-ml. volumetric flask. The sample strips are rinsed with 
three successive 10-ml. portions of ETA. The rinsings are then transferred to the 
volumetric flask, and the total volume brought to 250.0 ml. A 100-ml. portion is 
titrated to the first color change with 0.1 N NaOH, using meta-cresol-purple as 
indicator. The titration and weighings are used to calculate the organic acid. 

Apparatus. Wide-Mouth Flask, 400- to 550-ml. 

Volumetric Flask, 250-ml. 

Hot Plate. 

Pipet, 100-ml. 

Erlenmeyer Flasks, 250-ml. 

Graduated Pipet, 25-ml. 

Reagents. Ethanol-Toluene Azeotrope (ETA).— See preparation of this reagent 
in Method for Bound Styrene in SBR, page 2169. When testing alum-coagulated 
polymers, add 5 ml. of water to 95 ml. of anhydrous ETA. 

Meta-Cresol-Purple Indicator Solution (0.1%), in ethyl alcohol or in water. 
Neutralize each 0.1-g. of indicator with 26.2 ml. of 0.01 N NaOH solution. 

Standard Sodium Hydroxide Solution (0.10 N ). 

Preparation of Sample .— Dry the polymer in accordance with directions in sec- 
tions on Volatile Matter by Hot-Mill or Mill-Oven Methods, pages 2176 and 2177, 
and sheet it to a thickness of 0.020 in. or less. Cut approximately 6 g. of the dried, 
sheeted material into strips not wider than 1 cm. nor longer than 5 cm. 

Caution— Be sure the strips are less than 0.020 in. thick in order to secure com- 
plete extraction. 

Procedure .— Accurately weigh a 6-g. sample of the dried strips. Add 100 ml. of 
ETA to the 400- to 550-ml. flask. Add each strip in the weighed sample separately 
to the flask, swirling the flask after each addition so that each strip is thoroughly 
wetted with the solvent to avoid sticking. To prevent the sample from sticking 
to the flask, place a filter paper in the bottom of the flask or use a wire gauze oi 
asbestos mat between the flask and the hot plate. 'Reflux the contents of the flask 
on the hot plate for 1 hour. 

Decant the liquid into a 250-ml. volumetric flask. Add a second 100-ml. portion 
of the ETA to the polymer sample and reflux again for 1 hour. Decant the liquid 
into the volumetric flask. Rinse the sample with three successive 10-ml. portions 
of fresh ETA and add these rinsings to the volumetric flask. Cool the ETA solu- 
tion to room temperature and add enough fresh ETA to bring the volume to 250.0 
ml. Mix the contents thoroughly. 

Measure with a pipet, two 100-ml. portions of the ETA solution into 250-ml. 
Erlenmeyer flasks. Save one 100-ml. portion for the soap determination, which 
follows this method. 

To one 100-ml. portion of ETA solution, add 6 drops of meta-cresol-purple indi- 
cator solution. Titrate the ETA solution with 0.1 N NaOH to the first color 
change. Run a blank titration, using 100 ml. of fresh ETA that has been treated 
in the same manner as the sample, and using the same indicator. Deduct the 
volume of NaOH solution used for the blank from that used for the titration. 
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Calculation —Calculate the percentage of organic acid as follows 


Organic acid per cent 


JXAXIX25 

A 


where .4 = weight in g of the original dry sample, 

J = ml of ISaOH solution used for the titration (corrected for the blank), 
h — normality of the NaOH solution, and 

28 4 when organic acid is determined as stearic acid, 

_ _ 34 6 when organic acid is determined as rosin acid and 
~ 31 5 when organic acid is determined as a 50 50 mixture of stearic and 
rosin acid 

SOAP 

Summary of Method —One hundred ml of the solvent extract remaining bom 
the organic acid test described in the preceding section is titrated with 00j \ 
HCI using meta-cresol purple as indicator to the first color change From die 
weight of the original sample strips and the titrations the percentage of soap is 
calculated 

Reagents Standard Hjdrochlonc Acid Solution (0 05 A) 

Indicator —One of the following solutions 

(1) M eta Cresol Purple Indicator Solution (01%) prepared in accordance with 
directions gnen lor that reagent in preceding test for Organic Acid page 2181 

(2) Bromphenol Blue Indicator Solution (01%) tn eth)l alcohol 

Preparation of Sample —Prepare the sample in accordance with the directions 

given in the preceding test for Organic Acid page 2181 and determine tire per 
centage of soap on the ethanol toluene azeotrope (ETA) sohent extract remaining 
from the test for Organic Acid (See that procedure ) 

Procedure —Add 6 drops of the prepared meta cresol purple solution to the 100- 
ml portion of ETA extract saved from the organic acid test (See that procedure) 
Titrate this solution with 0 0a A HCI to the first change in color Run a blank 
titration using 100 ml of fresh ETA that has been treated in the same manner as 
the sample and using die same amount of indicator Deduct the volume oi HCI 
solution used for the blank from that used for the titration 

Note —S ome anahsts prefer the use of bromphenol blue indicator particular!) when 
testing alum coagulated pol)mers and oil masterbatch pohmers 

Calculation —Calculate the percentage of soap as follows 


Soap, per cent 


MX V X P X 2 5 
A 


where A = vs eight m g of the original dry sample, 

If = ml of standard HCI used for titration (corrected for the blank), 

\ = normality of the standard HCI solution, and 

30 6 when the soap is determined as sodium stearate, 

36 8 when the soap is determined as sodium rosinate, 

35 3 when the soap is to be determined as a 50 50 mixture of potassium 
p _ stearate and potassium rosinate, 

34 5 when the soap is to be determined as a 50 50 mixture of sodium stta 
rate and potassium rosinate, and 

33 7 when the soap is to be determined as a 50 50 mixture of sodtuni stw 
rate and sodium rosinate 
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ANTIOXIDANT 

Scope.— Several antioxidants or stabilizers are used in synthetic rubbers. Four 
widely used antioxidants are phenyl-beta-naphthylamine, acetone diphenylamine 
reaction product, mixed alkylated diphenylamines and mixed alkylated phenols. 
The test procedures for these as submitted here have been in general use by the 
synthetic rubber producing industry for many years. There are three acceptable 
methods of analysis. All are described. 

No re 1. -Phenyl-beta-naphthylamine, acetone diphenylamine reaction product, and 
mixed alkylated diphenylamines are commonly referred to as “PBNA,” “BLE,” and 
“Stalite,” respectively. 

Method A. Ultraviolet Absorption of Rubber Solution. 

Summary of Method.— A. dried and weighed sample is dissolved in a suitable 
spectroscopic solvent and diluted to exactly 250 ml. in a volumetric flask; the ab- 
sorbance of the solution is determined with an ultraviolet photoelectric spectro- 
photometer; and the antioxidant content is calculated therefrom. The method is 
not applicable to mixed alkylated phenols. 

Note 2.— For definitions of terms used in this procedure, refer to the Definitions of 
Terms and Symbols Relating to Absorption Spectroscopy (ASTM Designation: E131). 14 

Apparatus. Volumetric Flask, 250-ml. 

Ultraviolet Photoelectric Spectrophotometer. 15 

Reagents. Spectroscopic Solvent, having an optical transmission greater than 
90%, or, in the case of toluene, greater than 80%, at the wavelength specified for 
the antioxidant to be determined, as shown in Table 43-5. 

Preparation of Sample.— Prepare the sample by drying in accordance with direc- 
tions in Sections on Volatile Matter by Hot-Mill or Mill-Oven Methods, pages 
2176 and 2177. Sheet it to a thickness of 0.020 in. or less and cut it into small pieces. 
Accurately weigh portions of the sample estimated to contain 1.5 to 2 mg. of phenyl- 
beta-naphthylamine or acetone diphenylamine reaction product, or 2 to 2.5 mg. 
of mixed alkylated diphenylamines. 

Determination of Absorptivity.— Determine the absorptivity, a, (the ratio of the 
absorbance of a solution 1 cm. thick and tire concentration in grams per liter of 
the solution that is measured), as directed in the following two paragraphs. 

Obtain two or more representative samples of the antioxidant, which must, in 
the case of acetone diphenylamine reaction product and mixed alkylated diphenyl- 
amines, be heated to a temperature at which they can easily flow. Thoroughly mix 
the antioxidant and prepare a standard solution of it in the proper spectroscopic 
solvent. The concentrations in grams per liter shall be as follows: 0.24 for phenyl 
beta-naphthylamine or acetone diphenylamine reaction product, and 0.32 for mixed 
alkylated diphenylamines. Then accurately measure three 3.00-ml. aliquots of this 
solution into clean 100-ml. volumetric flasks (Note 3). 

Note 3. Caution— It is imperative that clean glassware be used throughout this pro- 
cedure. 

Dilute the solution to 100-ml. with the spectroscopic solvent. Mix each solution 
thoroughly. Determine the absorbances of these solutions at the appropriate wave- 

14 1961 Book of ASTM Standards, Part 7. 

15 The Beckman quartz ultraviolet photoelectric spectrophotometer. Model DU, or the 
equivalent, has been found satisfactory for the purpose. 
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Table 43-5 Solvents and Test Conditions for Determination of Antioxhhm 





— 

— 





Background 

Polymer 

Antioxidant 

Spectroscopic Solvent 

Wavelength 

per Gram 
of Sample 





per 250 ml 



phenyl beta naphthyl I 

toluene 

309 ±1 




amine t 

methylcyclohexane 

309 ±1 




acetone dipbenylamme 

85 per cent methylcydo 

288 ±\ 

0235 

SBR (GR S)— (ho t 


reaction product 

hexane 15 per cent eth 


nonpigmented) 








mixed alkylated diphenyl 1 
amines j 

methylcyclohexane 

85 per cent methylcyclohex 
ane 15 per cent ethanol * 

288 ±1 
288 ±1 

0 225 

0 235 



phenyl beta naphthyl 1 

toluene 

309 ±1 

0 280 




methylcyclohexane 

309 ±1 

0325 



acetone diphenylamme 

85 per cent methylcyclohex 

288 ±1 

0 495 

(cold non pig 


reaction product 

ane 15 per cent ethanol a 





mixed alkylated diphen 1 
yla mines | 

methylcyclohexane 

85 per cent methylcyclohex 
ane 15 per cent ethanol • 

-H -H 

0 495 

0 495 


° Use anhydrous etl anol 

length as shown in Table 43 5, using the solvent as the blank Make several meas 
urements on each diluted aliquot until a reproducible result is obtained Calculate 
the absorptivity, a, from this result as follows 

1004 
* = YZ 

where A — measured absorbance (average of three determinations), 

Y = concentration of the antioxidant in the standard as grams per liter, and 
Z = volume of the aliquot, in milliliters, taken from the standard solution 
Procedure —Dissolve the dried sample m 200 ml of the specified spectroscopic 
solvent contained in a 250 ml volumetric flask, effecting solution by gentle heal 
if necessary After the sample has been dissolved and the solution is at room tem 
•}«n V« bi, diiiila. ‘hit hutruii •«, ‘i.yi'b *nh *w tin 'in t 'dpes/ugL 'idi/inL and. mix the 
solution thoroughly 

With the spectrophotometer using 1 cm matched quartz cells measure the ab- 
sorbance of the solution compared to the same spectroscopic solvent used as a 
blank If the absorbance is not between 0 4 and 1 0, take a larger sample or dilute 
the solution, as the case may be, to bring it within this range, and adjust the cacu 
latton accordingly 

Calculation —Calculate the percentage of antioxidant as follows 

Antioxidant, per cent = 25 ^ ^ 

IV a 

where A = measured absorbance, 

B = correction for background absorption of polymer, 

IV = weight in grams of the original dry sample, and 
a — absorptivity 
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Method B. Ultraviolet Absorption of Rubber Extract. 

Summary of Method— The weighed sample is extracted with ethanol-toluene 
azeotrope (ETA) solvent. The total extract is made up to 250 ml. in a volumetric 
flask and 2 ml. of this extract is diluted to 100 ml. in a volumetric flask with a 
specified spectroscopic solvent. The absorbance of the diluted extract is deter- 
mined with an ultraviolet spectrophotometer, and the antioxidant content calcu- 
lated therefrom. (See Note 2). The method is not applicable to mixed alkylated 
phenols. 

Apparatus. Volumetric Flask, 100-ml. 

Pipet, 2-ml. 

Ultraviolet Photoelectric Spectrophotometer. 

Reagents.— See Method A. 

Preparation of Sample.— Prepare the rubber extract in accordance with the pro- 
cedure for Organic Acid, page 2181. Accurately pipet 2 ml. of the ETA extract into 
the 100-ml. volumetric flask, and dilute to 100.0 ml. with the spectroscopic solvent 
specified in Method A. 

Procedure.— With an ultraviolet photoelectric spectrophotometer using 1-cm. 
matched quartz cells, measure the absorbance of the solution at the wavelength 
specified in Table 43-5 for the antioxidant to be determined. Prepare the blank 
by mixing together the spectroscopic solvent and the ETA in the same ratio as that 
used in the solution containing the ETA extract of the rubber. If the absorbance 
of the solution containing the antioxidant is not between 0.4 and 1.0, take a differ- 
ent aliquot of the ETA extract so as to bring the absorbance within the desired 
range, being sure to use the same proportion of ETA in the blank as in the sample. 

Calculation.— Calculate the percentage of antioxidant as follows: 

. . , 2500 A 

Antioxidant, per cent = — 

WVa 

where A — measured absorbance, 

W = weight in g. of the original sample used for the ETA extract in method 
for Organic Acid, page 2181. 

V = milliliters of ETA extract dissolved in the spectroscopic solvent, and 
a = absorptivity (see Method A, page 2183). 

Method C. Mixed Alkylated Phenols. 

Scope and Applicatioii.— This method is an ultraviolet absorption technique, 
which is applicable to rubbers made with carbamate shortstop but it is not ap- 
plicable to oil-masterbatch rubbers. Interference from carbamate shortstop is 
reduced by using an ethanol-toluene azeotrope (ETA) extract ot the rubber rather 
than a complete solution of the rubber. The high absorbance of oil, at the wave- 
lengths used in this method, masks the measurement of the mixed alkylated phenols 
absorption. 

The difference between the basic and neutral absorbance at 301 m ft is propor- 
tional to the concentration of the mixed alkylated phenols. The neutral absorb- 
ance measurement is a background correction for substances other than the active 
ingredients. 

Summary of Method— Two aliquots of the ETA extract are taken. One is left 
neutral, while die other is made 0.1 N in base with alcoholic potassium hydroxide. 
The absorbance of both solutions is measured at 301 m/i, compared to correspond- 
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ing reference solutions The difference between the basic and neutral absorption 
is proportional to the concentration of the mixed alkylated phenols. 

Apparatus Ultraviolet Spectrophotometer 15 
Absorption Cells 1 cm matched quartz 

Reagents Ethanol, anhydrous conforming to Formula 2B of the U S Bureau 
of Internal Revenue 

Ethanol Toluene Azeotrope (ETA) —See preparation of this reagent in Method 
for Bound Styrene in SBR page 2169 

Potassium Hydroxide Standard Alcoholic Solution (0 5 A)— Grind H g of 
potassium hydroxide (KOH) with successive 50 ml portions of anhydrous ethanol 
until dissolution is complete Dilute to 400 ml with anhydrous ethanol F!tt 
immediately into a dark bottle and keep tightly dosed Let this solution surd 
overnight before using When it becomes noticeably discolored it should beds 
carded Storing in a nitrogen atmosphere will preserve the solution considerable 
Reference Standards and Calibration —The spectrophotometric measurement! 
shall be made the same day as the standards are prepared The slit width of the 
spectrophotometer should be not more than 0 5 mm The mixed alkylated phenol 
used as a standard should be from the same lot of material that is present in the 
sample being tested 

Prepare a solution of 0 300 g of mixed alkylated phenols (MAP) in 1 I ter of 
anhydrous ethanol (ethanol MAP solution) 

Prepare the basic and neutral standard solutions in two separate 50ml volu 
metric flasks as follows 

Basic Standard Solution 

5 ml ethanol M AP solution 
5 ml ETA solvent 
10 ml 0 5 A KOH solution 
Dilute to mark with ethanol 

\eutral Standard Solution 

5 ml ethanol MAP solution 
o ml ETA solvent 
Dilute to mark with ethanol 

Prepare the corresponding reference solutions as follows 
Basic Reference Solution 

o ml ETA solvent 

10 ml 0 5 A KOH solution 

Dilute to mark with ethanol 

Neutral Reference Solution 

5 ml ETA solvent 
Dilute to mark with ethanol 

Measure the absorbance of each solution at 301 m ^ using the conesponljV 
reference solution in the spectrophotometer reference cell in each case 
observed absorbance values A^c ,t a udard a »>d 4 neutral itmdord respective) 
late the difference in absorptivity ( a baile — a„ eatrat ) is follows 
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Abasic standard A neutral standard 
abasic Oneutral (TOSO " 

where Obastc — calculated absorptivity of basic solution, 

Oneutrai — calculated absorptivity of neutral solution, 

Abastc standard = measured absorbance of basic solution, and 
Aneutrai standard = measured absorbance of neutral solution. 

Preparation of Sample.— Prepare the rubber sample in accordance with the 
method for Organic Acid, page 2181. 

Procedure .— The spectrophotometric measurements shall be made the same day 
as the extraction is performed. 

Extract 6 g. of the sample with two 100-ml. portions of ETA for 1 hour each in 
accordance with the method for Organic Acid, page 2181, including the final dilu- 
tion to 250 ml. 

Prepare the basic and neutral solutions in two separate 50-ml. volumetric flasks 
as follows: 

Basic Solution: 


5 ml. ETA extract 

10 ml. 0.5 N KOH solution 

Dilute to mark with ethanol 

Neutral Solution: 

5 ml. ETA extract 
Dilute to mark with ethanol 

Prepare the corresponding reference solutions as follows: 

Basic Reference Solution: 

5 ml. ETA solvent 

10 ml. 0.5 N KOH solution 

Dilute to mark with ethanol 


Neutral Reference Solution: 

5 ml. ETA solvent 
Dilute to mark with ethanol 


Measure the absorbance of each solution at 301 m n, using the corresponding 
reference solution in the spectrophotometer reference cell in each case. Call the 
observed absorbance values A tasic and A neutraP respectively. 

Calculation,— Calculate the percentage of mixed alkylated phenols (MAP) as 
follows: 


MAP, per cent = 


Ab asic Antutral 


( aba 


Cnculral ) X 2.4 


X 100 


where the terms are defined in Method C, Reference Standards and Calibration, 
page 21S6, but have the values determined in accordance with the above procedure. 

Reproducibility.— Results obtained by different analysts in different laboratories 
on rubber containing 1.0 to 1.8 per cent MAP should be reproducible within 
±0.1 per cent. 



2188 RUBBFR AND RUBBER PRODUCTS 


ETA EXTRACT 

Scope and Application —This procedure is intended to determine the various 
organic constituents m the rubber It will give the combined amount of rosin and 
fatty acids soaps oil extenders defoamer tars antioxidants and other uncombined 
organic constituents The rubber hydrocarbon can be estimated by subtractm«the 
sum of the ETA (Ethanol Toluene Azeotrope) extract the total ash and the volatle 
matter from 100 

Outline of Method —Thin narrow strips of the dried rubber are extracted three 
times with 100 ml of hot ETA solvent for 1 hour each and rinsed three times n ih 
10 ml portions of ETA solvent Although two extractions are sufficient for non 
pigmented rubbers three extractions ire necessary for oil masterbatch rubbers The 
extracted rubber is boiled with 2o ml of acetone decanted and dried Thedf 
ference between the original sample and the extracted sample is the ETA extract 
Apparatus Wide Mouth Flask 400 to 550 ml 
Hot Plate 

Filter Paper or a wire gauze or an asbestos mat 

Reagents Ethanol Toluene Azeotrope (ETA) —See preparation of this reagent 
in method for Bound Styrene in SBR page 2169 
Acetone NF grade 

Preparation of Sample —Prepare the sample in accordance with the procedure 
described in test for Organic Vcid page 2181 

Procedure — Accura tel) weigh a Gg simple of the dried strips Add 100 ml of 
ETA solvent to the 400 to 550 ml flask Add each strip of the weighed sample 
separately to the flask swirling the flask after each addition so that each strip is 
thoroughly wetted with the solvent to avoid sticking To prevent the sample from 
sticking to the flask place a filter paper m the bottom of the flask or use a sure 
gauze or asbestos mat between the flask and the hot plate Reflux the contents of 
the flask on the hot plate for 1 hour 

After refluxing decant the ETA extract and discard it Add a second 100 ml 
portion of the ET \ solvent to the nibbcr sample and reflux again for 1 hour 
\gain decant the ETA extract and discard it Add a third 100 ml portion of 
the ETA solvent to the rubber sample and reflux again for 1 hour 

For the third time decant the ETA extract and discard it Rinse the sample 
with three successive 10 ml portions of ETA solvent 
Add approximately 2 o ml of acetone to the rubber sample remaining m tl e flask 
Heat :the -are time to gmntle -hmlirg* -and Find .u .trv -Yyvrnximatelv 5 minutes 
Decant the acetone and transfer the extracted sample to a tared watch glass. 
Dry it to constant weight at 10a*C and weigh it (This can be done in 1 hour at 
10o°C and 29 in of vacuum in a vacuum oven ) 

Calculation —Calculate the percentage of ETA extract as follows 


ETA extract per cent — 


100(/4 - /) 
A 


where A = weight of the original dry sample and 
I = weight of the extracted sample 

OTHER METHODS AND APPLICATIONS 
It should be pointed out that the methods for determination of antioxidants are 
particularly useful for other crude rubbers and for other antioxidants It ,s on 
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necessary to find a suitable rubber solvent or extractant and a set of conditions 
satisfactory for the particular combination under consideration. It should also be 
noted that the standard Soxhlet type of extraction with acetone, azeotropic mixtures 
or other extracting solvents may be useful for this purpose. 

An estimation of the oil content of the oil extended SBR crude (SBR oil master- 
batch) may be obtained by running an ETA extract and correcting for other com- 
ponents of the SBR extracted. 

The stability of the crude and probably the vulcanized synthetic rubbers toward 
thermal and oxidative degradation may be affected by the presence of trace metals, 
particularly copper and iron. The determination of these elements in crude SBR 
is of importance in some cases, notably for non-staining light colored crude rubbers. 
The determination of copper and iron may be accomplished by the methods given 
under analysis of crude natural rubber, pages 2152 and 2155. 
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INTRODUCTION 

A rubber compound is defined for the purpose of this chapter as a mixture of i 
natural or synthetic rubber polymer with chemicals and fillers, of such a nature 
tint tt is a useful article itself or may be comer ted to a useful article by suitable 
treatment By far the greater number of rubber compounds are vulcanized articles 
of commerce However the definition includes such unvulcanized compounds ai 
compounded latex rubber cements tire tread compounds used in tire retreadm* 
operations etc Generally speaking it is necessary to convert solutions and suspen 
sions to dry solids before applying the analytical methods given m this chapter 

PREPARATION OF SAMPLES 

The following methods of preparing samples of crude rubber, unv ulcamzed rub- 
ber compounds vulcanized soft and hard rubber compounds are taken from ASTM 
Designation D297 61T 18 It should be noted, however, that special modifications ol 
these methods are required in some of the sections concerned with the analysis ol 
crude natural and crude SBR rubbers 

Before preparing a sample for analysis the analyst should by inspection assure 
himself that it has not been contaminated The sample to be analyzed should be 
selected by taking pieces from various parts of the original sample and separating 
them from foreign matter Because of the variety of rubber products to which this 
method is to be applied no single procedure for reducing the sample to the te 
quired fineness is applicable to all samples Therefore, several alternative proce- 
dures for this purpose are described in the following paragraphs The analyst is 
expected to select the one most suitable to the sample that he is analyzing and 
the equipment available 

For vulcanized soft rubber unvulcanized rubber, crude rubber, and many sam 
pies of reclaimed rubber, it is preferable to mix the sample and grind it by passing 
it two or three times through a clean, cold laboratory rubber mill The rubber 
rtell come Irons the tatll to the form of a coarse ponder or a rough shrft If the 
product is in the form of a sheet, the adjustment of the mill should be such that 
the thickness of the final sheet is no greater than 0 5 mm If the sample is stick} 
it should be rolled in a liner material that will not adhere to or contaminate e 
sample If the milled sample is a powder, it should be transferred to a No 
(1410 n) sieve and rubbed through the sieve Grinding shall be continued unti 
the entire sample passes through the sieve n ]( 

In the absence of milling machinery, the sample may be prepared by cutting 
with scissors so that it will pass a No 14 (1410 F) sieve 1T The sample may he ^ 
into long strips that are fine enough to pass freely through die sieve and e s r 

* 8 Tentative Methods for Chemical Analysis of Rubber Products, ASTM Designau 
D297 61T s (« 

it Detailed requirements for these sieves are given in the Specifications ror 
Testing Purposes (ASTM Designation Ell) 1958 Book of ASTM Standards, Pa n * 
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fed through by hand, or the sample may be cut into small fragments and shaken 
through the sieve. The cutting shall be continued until the entire sample passes 
through the sieve. If necessary, to prevent sticking, different fragments of the 
sieved sample may be segregated by wrapping in a liner material that will not 
adhere to or contaminate the sample. 

Certain very glutinous samples may be prepared for extraction analysis as follows: 
Place a weighed 2-g. sample of the material between two pieces of ashless filter 
paper that have been extracted in accordance with the method for Total Extract 
on page 2205. The papers should be approximately 20 by 4 in. and the sample 
should be placed near one end. Flatten the sample and spread it throughout the 
length of the filter paper by passing the “sandwich” lengthwise, through a cold, 
closely set, even-speed rubber calender. The gross thickness of the resulting sheet 
should not be greater than 1.0 mm. If a rubber calender is not available, a similar 
sheet may be obtained by placing the sample in a hydraulic press or a vise. In the 
latter case, the sample may be roughly spread by hand throughout the length of 
the filter paper and pressure applied to small areas at a time until the whole sample 
has been flattened. 

Samples of rubberized cloth, whose over-all thickness is no greater than 1.0 mm., 
may be prepared for analysis by cutting them into pieces 1.5-mm. square and then 
mixing well. If the fabric is easily removed, it should be separated unless an 
analysis of the whole cloth is desired. 

Samples of rubber cements shall be evaporated to dryness in a vacuum at a tem- 
perature not higher than 30°C. The residue may then be analyzed as an unvul- 
canized sample. A separate sample of the cement shall be distilled under reduced 
pressure if examination of the solvent is desired. 

Samples of hard rubber shall be reduced to powder form by filing, cleaned with 
a magnet, and sieved through a No. 30 (590-jt) sieve. 17 Residue retained on this 
sieve shall be reduced until the entire sample passes through the sieve. 

IDENTIFICATION OF RUBBER POLYMERS 

The identification of the type of rubber polymer present in a vulcanized or un- 
vulcanized rubber compound may be made by the methods given for use with 
crude rubbers, on pages 2164-2168, provided there is but one rubber present. Occa- 
sionally the presence of a second rubber may be detected but the methods should 
not be used for this purpose except where a trained operator establishes the relia- 
bility of the test with known mixtures. It should again be noted that the analysis 
scheme docs not consider all the types of rubber commercially available or any 
of the newer rubbeis with the exception of 1R which behaves identically with NR. 

A more positive method of identifying polymers, singly or in mixtures, is by the 
use of infrared absorption spectroscopy. The techniques used for this purpose are 
essentially standard, diflering only in minor details and in the type of equipment 
used in different laboratories. For compounded, and particularly for vulcanized 
rubbers, it is rarely possible to press a film as discussed on page 2169, because of 
interference or scattering by the fillers. However, two techniques are in general 
use in industrial laboratories. While they undoubtedly differ in detail as used in 
different laboratories it is felt that a brief description of these methods with some 
modifications that have proved to be of \alue would be a useful part of this section. 

The first method, essentially that described by Dinsmore and Smith, 18 is a dis- 

18 Dinsmorc, H. L. and Smith, D. C., Anal. Chem., 20, 11 (1948). 
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solution method which may be carried out approximately as follows Prepare a 
sample of the rubber compound as directed in method on page 2190, and extract a 
1 to 2 g specimen by the total extract method, page 2205 if the specimen is vulcan 
lzed, or by the acetone extract method, page 2156, if it is unvulcanized Dissohe the 
specimen in 100 to 200 ml of o dichlorobenzene under reflux This process may be 
expedited by stirring in such a manner as to prevent the specimen from adhering 
to the flash and by aerating, particularly during the first part of the dissolution 
period Dilute the resulting solution with about 50% of its volume of benzene 
If no carbon black is present it may be possible to remove other fillers by centnfuga 
tion In any case, carbon black and other fillers may be removed by adding 
sufficient Celite filter aid to the solution to make a paste that can just be poured 
and filtering through a Buchner funnel prepared with filter paper and a layer of 
Celite wetted with benzene Concentrate the clear filtrate by vacuum evaporation 
of solvent until it can be spread on a salt plate Remove residual sohent by air 
drying followed by 40 minutes in an 80°C vacuum oven Run the spectrum on 
an inflated spectrophotometei from 2 5 to 15 microns Compare the spectrum vwih 
known spectra for identification of polymers, copolymers or mixtures of rubber 
polymers 

The solution method suffeis in some cases by lack of solubility of the rubbers, 
particularly when present in mixtures CR rubber and SBR types of high styrene 
content are difficult to dissohe and may be missed if present m relatively small 
amounts Some of the newer elastomers not discussed here are probably not de 
tectable with this technique, particularly those not belonging to the R family 
of rubbers 

A more rapid and very useful method which may have advantages over the 
solution method in some cases has been described by Harms, 19 by Kruse and Wal 
lace 20 and by Hummel 21 The method is based on the examination of the 
pyrolysis products of the rubbers by infrared absorption spectroscopy The nature 
of the pyrolysis products, at least from a qualitative viewpoint, appears to be 
relatively insensitive to quite large changes in the pyrolysis temperature as long as 
heating is rapid enough to prevent excessive charring 

In the method described by Harms 19 pyrolysis is carried out in a 15x120 mm 
borosihcate glass test tube using a sample containing about 0 5 g of the rubber 
polymer The test tube is placed m an almost horizontal position and the dosed 
end is heated rapidly with a flame to a temperature between 375 and 750’C the 
temperature depending on the type of rubber The pyrolysis products that con 
dense on the cool upper portion of the test tube are transferred directly to a salt 
phte, covered with another salt plate, and the spectrum is run on a spectro 
photometer 

In the method described by Kruse and Wallace 20 the test tube containing about 
1 g of sample is placed m a cavity in an aluminum block that has been previous y 
heated to 443 to 465°C In this case a delivery tube in the form of an inverted 
is attached to the test tube and the pyrolysis products are collected in carbon tetn 
chloride The resulting solution is dned free of water and the infrared absorption 
spectrum is run ^ 

Hummel 21 prefers to use vacuum pyrolysis and to trap both the hqui 
gaseous pyrolysis products This has an advantage when polymers are p 

is D L Harms Anal Chem , 25, 1140 (1953) 

-op F Kruse Jr, and W B Wallace, Ibid, 1156 

a 1 D Hummel Rubber Chemistry and Technology, 32, 854 (1959). 
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which pyrolyze to low boiling monomers with the production of little or no liquid 
pyrolyzate. 

To use any of the above methods it is necessary to have known spectra for com- 
parison purposes. Standard spectra appear in the above references and also in 
the book by Wake. 22 These spectra may be adequate for limited use of the methods, 
but if the methods are to be used extensively it is advisable to build a reference 
library of spectra run by a given technique and to include mixtures of polymers 
in different proportions. There is a possibility of interference from rubber addi- 
tives in all of the above methods. Extraction is therefore advisable except in the 
case of crude rubbers known to contain no added oils. 

DETERMINATION OF RUBBER POLYMER CONTENT 

Introduction .— There are two standard general methods of determining the 
rubber polymer content of a rubber compound. Unfortunately, they are not both 
applicable to all compounds and in some cases neither method results in a com- 
pletely satisfactory answer. Method A is the Direct Method, applicable only where 
an unambiguous method exists for the direct determination of a rubber polymer 
or a mixture of rubber polymers. In terms of existing well-proven methods, only 
three types of rubbers may be determined directly; NR and IR, CR and NBR, the 
latter only when the acrylonitrile (or nitrogen) content of the crude NBR used in 
the compound is known. Obviously the list of applications must include any new 
or existing specialty rubbers whose nitrogen or chlorine contents are known if these 
elements can be satisfactorily determined by the methods included here. Method B, 
the Indirect Method, is more generally applicable but has the disadvantage of 
any indirect method; the errors are cumulative and result in considerable error in 
the rubber polymer determination. 

METHOD A-DIRECT METHOD 

NATURAL OR SYNTHETIC ISOPRENE POLYMERS 

The polyisoprene content of NR or IR rubber in a compound may be determined 
in accordance with die method described in the section on Isoprene Polymer, 
page 2161. 


CHLORINE-CONTAINING POLYMERS 
CR lubber content, whether present as polychloroprene, as a copolymer with 
chloroprene, or as some other chlorine-containing “R” family rubber, may be 
determined by the method given in the section on the Chlorine Content of CR 
Rubbers, page 2174, if the chlorine content of the rubber polymer used in the com- 
pound is known. The presence of more than one chlorine-containing rubber 
would be a rare occurrence. Pure CR rubber is nominally assumed to have 37% 
chlorine in the commercial product. 

NITROGEN-CONTAINING POLYMERS 
In this case the nature of the nitrogen-containing polymer or copolymer must 
be well known if unambiguous results are to be obtained. Nitrogen in a rubber 

22 \V. C. Wake, "The Analysis of Rubbei and Rubbei-Lihe Polymers,” MacLaren and 
Sons, Ltd., London, 1958. 
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compound may be determined by the method given in the section on the Nitrogen 
Content of NBR Rubbers, page 2172, but the determination of the quantity of a 
nitrogen containing polymer present in the compound requires a knowledge of the 
acrylonitrile content of the NBR rubber, the pyridine content of the PBR rubber 
or the composition of the polyurethane ( U family) rubber that was used in the 
rubber compound Interference due to the presence of nitrogen bearing ami 
oxidants and accelerators may be essentially eliminated by extraction with a suitable 
solvent ketones are not usually satisfactory because of solubility of the rubbers 
frequently even in the vulcanized state Ethanol toluene azeotrope may be used 
in most cases 


STYRENE CONTAINING POLYMERS 
Bound styrene (polystyrene as homo or copolymer) in a rubber compound con 
taming SBR or other styrene containing rubbers or resins may be determined 
chemically with a fair degree of accuracy by a method originally proposed by Hilton 
Newell and Tolsma 23 This method in a modified form is given below as it appears 
in ASTM Designation D297 61T 16 It is most reliable on crude SBR and on SBR 
compounds containing no other rubbers but will give good results on rubber prod 
ucts containing other rubbers if proper corrections are made by means of standard 
control samples 

Scope — This method is intended for the determination of the bound styrene 
content of SBR polymers or rubber products containing SBR polymers including 
those products containing carbon black oil extended SBR polymers inorganic 
fillers NR, IR, and CR Application to rubber products containing other polymers 
shall be verified by the use of control samples of known and similar composition 
The method is considered to provide an estimation of SBR content because the 
bound styrene content of the entire simple is determined SBR content can be 
estimated by assuming the bound styrene content of the SBR used in the rubber 
product 

The method is designed for routine application in cases where the accuracy 
desired does not warrant the calibration of the spectrophotometer There is also 
provision for increasing the accuracy of results by calibration of the spectropho- 
tometer 

Summary of Method —The bound styrene is nitrated and oxidized to mtfo 
benzoic acid which is separated by extraction and is determined quantitatively by 
measuring us ultraviolet absorption at 265, 273 75, and 285 m/i A preliminary 
alcohol extraction removes interfering compounds 
Apparatus. Spectrophotometer.— A photoelectric spectrophotometer that vvi 
measure absorbance in the region from 260 to 290 mji 
Absorption Cells, silica, 1 cm path length 

Extraction Apparatus — Soxhlet extraction apparatus or ASTM extraction appi 
ratus (see Acetone Extract page 2156) 

Boiling Flasks, 125 tul , with standard taper joints 
Graham Condensers, with water cooled outer and inner joints 
Boiling Chips, carborundum. No 10 grit 
Reagents Diethyl Ether, peroxide free 

Ethyl Alcohol, denatured. Formula 3A, or undenatUTed ethanol (95%) 

Nitric Acid (sp. gr. 1.42) —Concentrated nitric acid (HNO a ). 

*3 C L Hilton, J E Newell and J Tolsma, Anal Chem 31. 915 (1959) 
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Sodium Chloride Solution (Saturated).— Prepare a saturated solution of sodium 
chloride (NaCl) in water. 

Sodium Hydroxide Solution (200 g. per 1.).— Dissolve 200 g. of sodium hydroxide 
(NaOH) in water and dilute to 1 liter. 

Sodium Hydroxide Solution (4 g. per 1.).— Dissolve 4 g. of NaOH in water and 
dilute to 1 liter. 

Sodium Sulfate, Anhydrous (Na 2 S0 4 ). 

Preparation of Sample— Mill mass polymer or rubber product sample and sheet 
out to less than 0.5 mm. thickness. 

Calibration of Spectrophotometer .— While calibration of the spectrophotometer 
used in the procedure is not always necessary, for the most accurate results, a cali- 
bration is desirable, using standard samples of styrene-containing copolymers hav- 
ing bound styrene contents approximately the same as the copolymer present in the 
unknown rubber product sample. A calibration with a production sample of SBR, 
preferably in the 23.5% bound styrene range, will be suitable for reasonably 
accurate measurements on rubber products containing SBR with from 9 to 45 per 
cent bound styrene. In the presence of other rubbers, calibration to give maximum 
accuracy will probably require the use of a known SBR together with a known 
amount of any other rubber present in order to obtain a correction for absorptivity 
of nitrated products of the other rubber. 

Determine the bound styrene content of a reference standard SBR by treating 
a sample of crude SBR polymer having the appropriate bound styrene content in 
accordance with the refractive index method covered in the section on Bound 
Styrene in SBR, page 2169. Determine the bound styrene content of the reference 
standard in triplicate, or with more replications if a greater confidence must be 
placed in the mean value obtained. 

Note— For most accurate calibration, use a sample of hot SBR, preferably of type 1006 
of the Recommended Practice for Description of T)pes of Styrene-Butadiene Rubbers 
(SBR) and Butadiene Rubbers (BR) (ASTM Designation: DM19), for 23.5 per cent bound 
styrene. Other 1000 series samples may be used, but they should be fatty acid emulsifier, 
salt-acid coagulated polymers. 

Treat replicate specimens (at least triplicate) of the samples that have been dried 
and pressed between sheets of foil in the refractive index method for determination 
of bound styrene content, in accordance with the nitration procedure given on 
p. 2196. Calculate the average absorptivity due to nitrated styrene at each wave- 
length as follows: 

— ~ a b {\ - X) 
c 


where a s = absorptivity due to nitrated styrene, 

A p = absorbance of the solution, 

c = concentration of specimen in solution on which absorbance is measured, in 
g. per 1., 

X = average value of the fraction of bound styrene in copolymer, and 

= absorptivity of nitrated butadiene = 0.373 at 265 m fi, 0.310 at 273.75 mgt, 
and 0.265 at 285 mg. 

Note.— T he nomenclature and abbreviations used in this method are in accordance with 
the Definitions of Terms and Symbols Relating to Absorption Spectroscopy (ASTM Desig- 
nation: E131), 1961 Book of ASTM Standards, Part 7. 
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Record the slit widths used in determining the above absorbance values and use 
approximately the same slit widths in the analysis of unknown samoles An im 
provement m precision may result if the final solution used in calibration and in 
the determination is approximately half of the concentration specified in the pro 
cedure Absorbance values will then be in. the 0 4 to 0 7 range 

Procedure —Accurately weigh a specimen of the desired size (Note) and extract 
it with ethanol for 16 to 18 hours m a Soxlilet extraction apparatus or in the ASTM 
extraction apparatus described in the section on Acetone Extract p 2156 Dry the 
extracted specimen in a \acuum oven at 100°C for 1 hour 

Note — Estimate the specimen weight by means of the following formula 

Specimen weight g — : — — 

estimated per cent styrene in sample 

Transfer the extracted and dried specimen to a 125 ml flask having a standard 
taper joint and add 20 ml of HNO, and a few carborundum boiling chips Place 
the flask on a cold hot plate turn the heat on and allow to reflux at a rolling bol 
overnight (16 to 18 hours) under a water cooled Graham condenser Turn of! heat 
pour 10 to 20 ml of water into the top of the condenser and allow the water la 
be drawn into the flask as the flask cools Allow the reaction mixture to cool to 
permit handling of the flask 

Transfer to a 400 ml beaker using a stream of water from a wash bottle to rinse 
the flask and the standard taper joints Add the rinsings to the beaker Cool the 
beaker to room temperature Add 50 ml of NaOH solution (200 g per liter) to 
the original flask and again rinse into the beaker using water Test the solut on 
in the beaker with pH paper The solution should be made strongly acid v, th 
HNO s if the solution is not already strongly acid at this point Cool to room 
temperature Transfer the solution to a 500 ml separatory funnel rinse the beaker 
with water and add the washings to the separatory funnel (Caution -The skill 
with which these transfers and the subsequent extractions are performed will deter 
mine the accuracy of the analysis ) 

Shake the solution with 50 ml of diethyl ether and allow the layers to separate 
Drain the lower aqueous layer into the original beaker Add 25 ml of the satu 
rated salt solution to the ether layer Dram a few milliliters into the origml 
beaker to wash the stem of the separatory funnel Shake and allow layers to sepa 
rate Drain the salt solution into the same beaker Dram the ether layer into a 
2o0 ml beaker containing 4 to 5 g of anhydrous Na,S0 4 Add 50 ml of ether to 
the separatory funnel and drain a few milliliters into the 250 ml beaker containing 
the ether extract to wash the stem of the funnel Swirl ether in the beaker an 
transfer ether to another separatory funnel 

Repeat extraction of the aqueous layer in the same manner for a total of three 
extractions each ether extract being dried over the same Na 2 S0 4 and collecte in 
the second separatory funnel 

Extract the combined ether extracts four times with 50 ml portions of ha 
solution (4 g per liter) Collect the aqueous extracts in a 250 ml volumetric 
After each extraction dram a few milliliters of the next portion of NaOH so ut ^ 
before shaking to rinse the stem of the separatory funnel adding the drainings^ 
the volumetric flask Dilute to volume with NaOH solution (4 g per liter) ^ 
well Pipet a 25 ml aliquot into a second 250 ml volumetric flask Pi ute 
volume with NaOH solution (4 g per liter) and mix well 
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With NaOH solution (4 g. per 1.) in the blank cell and the extract in a matched 
silica absorption cell, measure the absorbance at 265 m/c, 273.75 m/c, and 285 m/c 
using a spectrophotometer. The dark current should be adjusted before and after 
each reading. If the dark current is found to have drifted during the reading, the 
reading should be repeated. 

Calculations.— (I) If the spectrophotometer has not been calibrated, calculate the 
apparent percentage bound styrene as follows: 


* = - 0.577 

B 

S 2 = Am - 16 * 3 - -- - 0.457 
B 

s 3 = X 4 - 018 - 0.437 
B 

y, , ^1 4- ^2 + S, 

Hound styrene, per cent = 


where A — absorbance at the specified wavelength, 

B = weight of specimen, in g., and 

7 = fraction of styrene-containing copolymer in sample. (See Note below.) 

(2) If the spectrophotometer has been calibrated as directed in this method, 
calculate the percentage of bound styrene content as follows (see Note below): 

Note.— The use of absorbance at three wavelengths serves to correct for background 
due to minor interferences. An unknown sample of crude SBR having a bound styiene 
content close to that of the SBR used for calibration should give Sj, So, and S 3 values as 
calculated by (2) above that do not dider by more than a few tenths of a per cent. Other 
Upes of samples may yield values of Sy, So, and S 3 having a range as great as 1% before 
the analysis is suspected of error due to interference. With the use of the formula given 
in ( 1 ) above, however, the range of S 1( S 2 , and S s values may be as great as 2%, because 
of improper wavelength calibration of the spectrophotometer and because the constants 
in the formula may not be correct for the particular spectrophotometer. Any results in 
which this range is greater than 2 % should be considered suspect from the standpoint of 
interferences. 


Bound styrene, per cent = 
100 ^4i(266) 


•Si + 1S2 + 


37.37 


Si = 

•Ss = 

* = 


<?s(266) — 0.373 
100 i4*(273.76) 


- 31.07 


a s (273. 76)' — 0.310 

100 A x ( 285' 


- 26.57 


Os( 285) — 0.265 
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where e x = concentration of specimen solution on which absorbance is measured m e 
per 1 , ’ 

A t = absorbance of solution at specified wavelength, 
a, = absorptivity at specified wavelength as determined and 
Y = fraction of styrene-containing copolymer in sample (Note) 

Note— T he fraction of styrene containing copolymers in the sample may not ahaubc 
known but can usually be estimated with sufficient accuracy Tor samples where theftac 
non of styrene containing copolymers is not known but where the percentage of hound 
stvrene in the copolymer in the sample is approximated known, an equally accurate final 
value for percentage of bound stvrene may be obtained as follows Calculates! S a nd 
S 3 with ihc assumption that 1-1 Calculate values lor 1 based on these apparent bound 
styrene peicentagcs and recalcul lie Si, S. and S 3 

IIR OR POLYISOBUTYLENE DETERMINATION, 

A rubber product containing no polymer other than HR can be analyzed lor 
IIR content by inert atmosphere pyrolysis of an extracted sample as described bj 
Wake " Another method, developed by Kress 2 * and adopted with revisions by 
\SlM ,e is more generally useful for any type of compound containing UR or 
poly isobutylene It is particularly useful for analyzing for low quantities of HR 
present as in unintentional contamination in rubber products 1 here appears to 
be a negative error that may best be corrected for in routine analysis by the use of 
controls This error is probably of no consequence in testing for the presence of 
contamination 

Scope —This method is intended for use in the determination of HR ot polyiw- 
butylene in rubber products The method is especially useful in the determination 
of small amounts of IIR in rubber products It is applicable to products contain 
mg BR, CR IR NR, NBR, and SBR rubbers Application to products containing 
other polymers must be verified by use of control samples of known and similar 
composition 

Summary of Method.— Rubbers having unsaturaied carbon chains are destroyed 
by digestion with nitric acid The polymers IIR and poly isobutylene are not « 
tacked The residue alter filtration is heated with t butyl hydroperoxide solution 
to solubilize the IIR After filtration to remove any remaining fillers the HR® 1 
polyisobutylene is precipitated with alcohol, dried, and weighed 

Apparatus and Materials Steam Plate or Hot Plate maintained at 140'C in* 
fume hood, and a thermometer to measure surface temperature 

Reflux Condensers, Hopkins type, with standard taper 24/40 joints 

Erlenmeyer Flask, 250 ml, with standard taper joints 

Bumping Stones, No 6 Carborundum . 

Buchner Funnel A —A No 0 Buchner funnel lined first with a Reeve Angf 
No 9E4 AH glass-fiber disk, then with medium fiber asbestos to about dept 
and finally with a ^ 111 top layer of diatoinaceous earth filter aid from a suspe> l5l0 Jj 
in acetone to a total depth of about in Remov e the acetone with suction an 
age at least 24 hours before using 

Note— T he preparation of the filter funnels as described has been found to heunp^ 
tant to the success of the method The use of other materials of equivalent p p 
in the preparation of the filters should be tested with samples of known comp 

2 * K E Kress, Anal Chem , 30, 287 (1958) 
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Buchner Funnel B.— A No. 1 Biichner funnel lined first with a circle of S & S 
No. 598 filter paper, then with medium-fiber asbestos to a depth of about % in. and 
finally with a Rin. top layer of diatomaceous earth filter-aid from a suspension in 
acetone to a total depth of about U in. Remove the acetone with suction. Wash 
with the equal volume mixture of chloroform and 30 to 60°C. petroleum ether. 
Remove the solvent mixture with suction. Age at least 24 hours before using. 
(See Note above.) 

Diatomaceous Earth Filter Aid. 

Asbestos Filtering Fiber, medium. 

Reagents. Acetone. 

Chloroform. 

Chloroform-Petroleum Ether Mixture (1:1).— Mix equal volumes of chloroform 
and petroleum ether. 

Ethanol.— Formula 2B denatured ethyl alcohol or absolute ethanol. 

Petroleum Ether, 30 to 60°C. boiling range. 

Tert-Butyl Hydroperoxide, commercial grade. 

Xylene. 

Procedure .— Homogenize and sheet out die sample with a tight rubber mill to a 
thickness of 0.5 mm. Accurately weigh a specimen of appropriate size to contain 
between 0.05 and 0.20 g. of polyisobutylene. Do not use more than 5 g. Use 1 g. 
for unknown range and tepeat with adjusted sample size if less than 0.05 g. or 
more than 0.20 g. is found. Add to 200 ml. of acetone in a 250-ml. Erlenmeyer 
flask, connect to a reflux condenser, and reflux 1 hour. Remove the sample, blot 
off acetone with a paper towel, and dry for 10 minutes in an oven at 105 to 110°C. 

Cut into 5- by 10-mm. or smaller pieces and place in a 250-ml. beaker. Add 
10 ml. ot HN0 3 and allow to stand at room temperature in a hood until initial 
frothing reaction subsides. II the reaction is slow, warm the beaker on a hot plate 
at 140°C. until fuming just begins and then remove immediately. If there is no 
reaction after 5 minutes on a hot plate at H0°C., remove anyway. When all leac- 
tion stops and the beaker has cooled to room temperature, add 50 ml. of HNO s 
and 10 ml. of xylene. Place on a hot plate at 140°C„ cover with a watch glass, 
and digest 30 minutes. Remove the watch glass and digest at least 30 minutes 
more until xylene is completely evaporated. 

Add 1 level teaspoon of filter aid, stir with a glass rod, and filter hot through an 
aged prepared Buchner funnel A into a 500-ml. filtering flask containing 100 ml. 
of water. Use low to moderate suction and a fume hood. Wash beaker and filter 
twice with 20-ml. portions of HNO a at room temperature. Wash copiously with 
at least 300 ml. of hot water until the filtrate is colorless. Discard the filtrate and 
rinse the flask with water. Attach the filter to the cleaned filter flask, wash with 
50 ml. of ethanol, and dry on the filter with continued suction. 

Cnnlimi .— Theie is dangei of a \iolcnt icaction between nitric acid and alcohol. 

With the aid of a spoon or spatula, carefully transfer the contents of the funnel 
to a dry 250-ml. Erlenmeyer flask. Use filter paper wet with chloroform to clean 
the last traces from the funnel. Add six to ten carborundum bumping stones, 100 
ml. of chloroform, 100 ml. of petroleum ether, and 5 to 7 ml. of ferf-butyl hydro- 
peroxide. Connect to Hopkins condenser and reflux rapidly at least 4 hours. 
Replace any appreciable amount of evaporated solvent with chloroform-petroleum 
ether mixture (1:1). 
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Filter the refluxed sample warm through an aged prepared Buchner funnel B 
into a clean, dry 500 ml filtering flask, using moderate suction (Too mudi suction 
may cause some carbon black to pass through the filter and necessitate refilterm®) 
With a wash bottle, wash the flask and filter five times with 20 ml portions of 
warm chloroform petroleum ether mixture (1 1) Be sure to wash well the 
and side wall of the funnel with the stream from the wash bottle 

Add two No 6 carborundum bumping stones to a clean 250 ml beaker Eupo- 
rate portions of the above filtrate in the 250 ml beaker until all the filtrate has 
been reduced to a small volume Wash the filter flask well with the chlorofom 
petroleum ether mixture (1 1) Add these washings to the beaker and evaporate 
to about 20 ml Transfer the solution to an accurately weighed, clean, dr) 50-mi 
Erlenme)er flask containing two No 6 carborundum bumping stones and wash the 
beaker well with the chloroform petroleum ether mixture (1 1) Carefull) evapo- 
rate to about 1 to 8 ml on a hot plate at 140°C Do not evaporate to drjnw. 
\Ilow the flask to cool to room temperature and then add 25 ml ethanol (U ihete 
is no precipitate or turbidity at this point polyisobutylene is not present and 
analysis may be terminated ) Boil gently on a hot plate at 140"C for at lean 
15 minutes, until die alcohol is clear and all the isobutylene coagulates and adlerts 
to the flask If turbidity persists, evaporate to about 2 to 3 ml, cool to room 
temperature, and add 25 ml of acetone 
Cool to room temperature and carefully decant the alcohol (or acetone) Was'i 
the precipitated poly isobutylene bv swirling gently with 25 ml of acetone at room 
temperature and decanting Dry the flask and polyisobutylene 2 hours in an oun 
at 105 to 110’C, cool in a desiccator, and weigh 
Calculations.— Calculate the percentages of poly isobutylene and IIR as follows 

A = B ^: C X 100 


IIR, per cent = A X 1 03 

where A = percentage of poly isobutylene, 

B — weight of flask and precipitated polyisobutylene, 

C = weight of flask, and 
D — weight of sample used 

INTRARED METHODS 

The infrared methods, while lacking in the high accuracy expected of an JiuM 
ical method may become the most practical means of estimating, and in some C35fJ 
determining, die amount of some polymers or polymer mixtures in a rubber cni"' 
pound Since each case requires a study of the spectra involved and the tlcunmnJ 
tion of the absorption bauds and band intensity ratios to use for analysis as well 
a careful calibration with known compounds, it is beyond the scope of tins »« 
to present a standard method Quantitative methods have been reported by Tiyofl 
Horowitz and Mandc! 25 for the determination of NR m mixtures with SBR 3" 
by Dinsmore and Smith ** for determination of NR SBR mixtures and for dettf 
mutation of the bound polyacrylonitrile content of NBR. These papers P rolla 
techniques and a basis for other quantitative methods 

’■* M Iryon L Horowitz and J Mandel, J Res Natl Bur Stds , 55, 219 (I9A) 
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INDIRECT METHOD 

Introduction .— This is the standard method that has been used for years by 
the ASTM, 25 the British Standard Institution 28 and the United States Federal 
Government. 27 It is based on determination of rubber content by difference 
when all other compounding ingredients have been determined. It is quite 
reliable when a simple rubber compound is involved containing only acetone 
and chloroform extractables, carbon black, sulfur, zinc oxide and other inorganic 
fillers that will not decompose or change on ashing or that may be determined 
directly. Fortunately, in high quality rubber compounds today there is not found 
a large variety of inorganic fillers. In particular, antimony sulfide, lead oxide, 
barium carbonate and lithopone are not commonly used ingredients. However, 
it is not uncommon to find clay, hydrated silica, asbestos, talc or calcium carbonate 
in a rubber compound. 'When these materials which decompose at ashing tem- 
perature (550°C.) are present there is no accurate method of determining the inor- 
ganic filler content unless corrections can be applied for loss of water of hydration, 
carbon dioxide, etc. The exact analysis of fillers, and hence the accurate indirect 
calculation of rubber content, is therefore not always possible. However, since 
lead, antimony, calcium, barium as the carbonate or the sulfate, magnesium, zinc 
and titanium can be determined by methods given in this chapter, and since the 
approximate amount of hydrated fillers can be determined from the determination 
of silica, insolubles, and R 2 0 ;i it is possible to reconstruct an inorganic filler analysis 
by determination of ash and some of the individual components with a reasonable 
degree of accuracy in most cases. The greatest uncertainty is the degree of hydra- 
tion of the fillers. 

The following is basically an abstract of the current ASTM method 10 of calculat- 
ing rubber by difference. It should be noted that two common synthetic rubbers, 
CR and NBR, have been omitted from consideration. These polymers, even when 
\ulcaimed, may be partially soluble in the extracting solvents, and the use of the 
method for their determination should be limited to cases where samples of known 
and similar composition can be successfully analyzed. The same argument holds 
for the less common specialty rubbers for which no standard methods have yet 
been proposed. 


RUBBER POLYMER CONTENT BY THE INDIRECT METHOD™ 

Scope— The rubber content of a product is calculated by subtracting the sum of 
the nonrubber constituents from 100 per cent. The method is applicable to NR, 
IR, SBR, and BR products. It can also be applied to HR products if they are 
extracted with methyl ethyl ketone rather than with acetone. 

Definitions. Rubber Polymer is the characteristic and major component of a 
natuial or synthetic crude rubber. 

Rubber as Compounded is approximately equivalent to the nonextended rubber 
used in the manufacture of a rubber product. It differs from the rubber polymer 
b) the amount of nonrubber material present in the crude rubber. For synthetic 
lubbeis the quantity varies with tire type of rubber and the manufacturer and no 
definite percentage can be given. Therefore, for synthetic rubber, rubber as com- 


limish Standaul Methods of Testing Vulcanized Rubber, B.S. 903, British Standard 
Institution, London, 1950. 


- 7 Icdeial Tot Method Standaid No. 601, Rubber: Sampling 
Sen ices Administration, Washington, D. C. 


and Testing, General 
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pounded shall be considered to be equal to rubber polymer except for SBR fv 
Table 43 6) 1 ' 


Table 43 6 1- actors for Calculations 


Rubber 

A 

D 

Specific 

Gravity 

NR 

94/97 

0 94 

0 91 » 

IR 

1 00 

1 00 

0 95 « 

SBR- 

1 00 

0 92 

0 94 * 

BR 

1 00 

1 00 

0 90 « 

IIR 

1 00 

1 00 

0 92 * 


“ Containing 23 5 per cent bound styrene and no* oil-extended 

b L. \ Wood Values of Physical Constants of Rubber, Rubber Chemistry and Tcchnolocv 
12,130 (1939) 

*W C Wake, The Analysis of Rubber and Rubber-Like Polymers, MacLaren and Sow 
Ltd , London, England (1958) pp 42 to 45 

Rubber Polymer by Volume is the percentage by \olume of a rubber product 
occupied by the rubber polymer 

Rubber by Volume is the percentage by volume of a rubber product occupied 
by the rubber as compounded 

Calculations —Calculate the percentages of rubber as follows 
Rubber polvmer, per cent = ^4 (100 — B) 

Q 

Rubber as compounded, per cent = — 

CE 

Rubber polvmer by volume, pei cent = — 

r, GE 

Rubber by volume, per cent = ; — 
factor listed in Table 43-6, 

sum of percentages of total extract, alcoholic potash extract, organic sulfur, 
inorganic fillers, free carbon and glue, 
rubber polymer, per cent, 
factor listed in Table 43 6, 
specific gravity of product, 

specific gravity of rubber listed in Table 43-6, and 
rubber as compounded, per cent 


where A — 
B = 

C = 
D = 
E = 
F = 
G = 


DETERMINATION OF NONRUBBER COMPONENTS 

INTRODUCTION ^ 

As can be readily seen from the description of the Indirect Method of u ^ 
Polymer Determination, seteral types of analysis are required to determine 
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nature and the amount of the non-rubber constituents of a rubber product before 
calculation of rubber polymer content can be made. In addition, it is frequently 
of interest to know more than the essential facts necessary to calculate rubber 
polymer content. It is useful to have information on the types of sulfur present, 
the types and amounts of organic and inorganic fillers used and the accelerators 
and age resisters used in the compound. The remaining sections in this chaptei 
are devoted to details of the methods of analysis of extracts, sulfur types, fillers and 
the identification of accelerators and age resisters. All of the methods except those 
concerning the last item are taken from ASTM Designation D297-61T 10 except 
where otherwise noted. 

QUALITATIVE NONRUBBER CONSTITUENTS 

There are several qualitative tests for nonrubber constituents that should be 
pei formed prior to analysis of a rubber sample of unknown composition. These 
tests are intended for use in determining the number and kind of analyses that 
should be conducted on the rubber product. 

Carbonates .— Drop a small piece of sample into a test tube containing HC1 satu- 
rated with bromine. If a stream of bubbles is given off, carbonates are present. 
The test is not applicable to HR products. 

Antimony and Lead .— Ash a 0.2 to 0.3-g. specimen. Dissolve the ash in 10 ml. of 
HC1 by heating. Dilute to about 40 ml. and decant or filter the solution from the 
residue. Pass H.,S into the solution. If a red-orange precipitate forms, antimony 
is present and may be determined on a rubber specimen in accordance with the 
method on page 2220. Organic sulfur shall be determined in accordance with the 
section on fusion method, page 221 1. Dilute with water to about 400 ml. and again 
pass in PUS. If a black precipitate appears, lead is present and organic and 
inorganic sulfur shall be determined in accordance with the sections on fusion 
method and inorganic sulfur, antimony absent, pages 2211 and 2212. 

Carbon Black— Heat a portion of the sample with HN0 3 until there is no more 
frothing. If the liquid is black, it indicates the presence of free carbon. The test 
is not applicable to IIR products. 

Barium Salts .— If the sample contains carbonate, ash a small specimen, digest the 
ash in dilute HC1, cool, and filter. Add a few drops of dilute H 2 S0 4 to the filtrate. 
A white precipitate insoluble in excess HC1 indicates the presence of acid-soluble 
barium salts. The presence of acid-soluble barium salts requires that organic sulfur 
shall be determined by the fusion method on page 2211. 

JFfl.vy Hydrocarbons.— H waxy hydrocarbons are present, they will solidify at 
— 3°C. in the acetone extract as a white flocculent precipitate clinging to the sides 
of the flask. 

Glue .— Extract a portion of the sample with a mixture of 32 per cent acetone 
and G8 per cent chloroform by volume for 8 hr. Dry the specimen and digest for 
1 hr. with hot water. Filter, cool, and add a few drops of a freshly prepared solu- 
tion of tannic acid (20 g. per liter) to the filtrate and allow to stand for a few 
minutes. If the solution becomes turbid, glue is present and should be determined 
as described on page 2223. 

Factice — Digest the rubber remaining from the test for glue with NaOH solu- 
tion (175 g. per liter). Decant the liquid, dilute, and acidify with HC1. Any 
cloudiness or precipitate indicates the presence of factice and the alcoholic potash 
extract should be determined by the method on page 2206. 
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Other Fillers —An HCI soluble ash indicates the absence of clay silica silicates 
titanium dioxide barium sulfate and lithopone An HCI insoluble ash indicates 
the need for a complete ash analysis if composition of the ash is required 

EXTRACT AN ALA SIS 

Scope —The extract analysis is intended for the removal of materials soluble » 
the solvents used for the purpose of analysis of the soluble materials tlemsehes 
and for the prevention of certain materials from interfering in subsequent tots 
made on the rubber or compound The tests are applicable to natural rubber 
compounds and to SBR copolymers General application of these tests to oilier 
synthetic rubbers must be made with caution as there is little data as to tie accu 
racy of the methods for other materials NBR rubbers for example cannot be 
analyzed by this group of tests because of swelling and partial solubility of the 
rubbers The descriptions of terms are based on current ASTM practice and die 
Extract Analvsis procedures are those found in ASTM Designation D29761T 1 ' 
with appropriate editorial changes suitable for this chapter 

Description of Terms— There are four extracting procedures used with various 
tests carried out on them 

Acetone Extract —The acetone extract of vulcanized rubber is generally the total 
material extracted with acetone This extract usually contains rubber resins free 
sulfur mineral oils or waxes (if present in the sample) acetone soluble antioxidants 
and organic accelerators or their decomposition products and a portion of any 
bituminous substances or vulcanized oils that may have been used 

Acetone extract corrected is the value obtained by determining the percentages 
of free sulfur waxy hydrocarbons and mineral oil and subtracting these percent 
ages from the acetone extract figure 

Organic acetone extract is the acetone extract minus the percentage of free sulfur 
only 

The acetone extract is determined according to the method starting on page 2ls6 

Chloroform Extract —The chloroform extract is determined after the rubber com 
pound lias been extracted with acetone This procedure removes a portion of the 
bituminous substances and serves as an indication of their presence The chloro- 
form extract may also include other materials as well as small amounts of rubber 
for which no correction is made This extraction procedure should not be used 
for crude un v ulcuuzed or reclaimed rubbers and should be applied to syitletic 
rubbers other than SBR tfpes only mVerr expernfiTere ittdtcstes that t)te Jesuits are 
useful The chloroform extract is determined according to the method starting on 
P ige 220a 

Total Extract— The total extract is the material removed by extraction w | ul 
mixture of acetone and chloroform and is approximately equal to the sum or t e 
acetone and chloroform extracts The same precautions as apply to the acetone 
and the chloroform extracts separately also apply to the mixed solvents T! e tota 
extract is determined according to the method starting on page 2205 

Alcoholic Potash Extract —This method is intended to detect the presence o » 
aid in determining the amount of rubber substitutes in natural and SBR w ^ 
The method is applied to compounds previously extracted with acetone an c ^ 
form as described or after total extract has been determined The me i 
not be of value for rubbers other than NR and SBR types a 0J) 

The alcoholic potash extract is determined according to the method stir n 0 
page 2206 



ANALYSIS OF RUBBER COMPOUNDS 2205 

The following three tests are carried out on the acetone extracts. 

Unsaponifiable Actone Extract.— This determination is carried out on the acetone 
extract obtained according to the method presented on page 2207, and is intended to 
determine the amount of unsaponifiable materials such as waxy hydrocarbons or 
mineral oil in the acetone extract. The unsaponifiables are defined as that por- 
tion of the acetone extract not saponified by a 1 N alcoholic KOH solution. 

Waxy Hydrocarbons.— These are defined as the materials extractable with abso- 
lute ethanol from the unsaponifiable acetone extract obtained according to the 
method on page 2207. These waxy hydrocarbons are the materials separating from 
the absolute alcoholic solution on cooling to — 5°C. 

The determination is made according to method on page 2207. 

Mineral Oil.— Mineral oil is defined as the part of the unsaponifiable acetone 
extract that is soluble in absolute ethanol at — 5°C., and is soluble in CC1 4 and is 
not attacked by concentrated H,,S0 4 . It is determined on the supernatant ethanol 
later from the waxy hydrocarbon determination described in method on page 2207. 
The procedure for the mineral oil determination is described in method on 
page 2207. 


ACETONE EXTRACT 

This procedure is carried out in the same way for rubber compounds as for crude 
ru l)ber as described on page 2156, using a specimen prepared as described on page 
2190. 


CHLOROFORM EXTRACT 

Apparatus.— The extraction apparatus should be that described for Acetone Ex- 
tract. (See page 2156.) 

Procedure— Suspend the extraction cup containing the rubber specimen that has 
been extracted with acetone in a second weighed extraction flask containing 50 to 
75 ml. of chloroform and extract it for 4 hours with the chloroform. (Hard rubber 
and any soft rubber sample having a ratio of total sulfur to rubber polymer in 
excess of 10% shall be extracted for 24 hours.) Record the color of the chloroform 
solution. Evaporate the chloroform over a steam bath, using a gentle current of 
filtered air to prevent boiling. Remove the flask from the steam bath just prior to 
the disappearance of the last traces of solvent to prevent loss of extract. Continue 
the passage of air for 10 minutes to remove the remaining solvent and dry the flask 
for 2 hours in an air bath at 70 ± 5°C. Cool in a desiccator to the temperature of 
the balance and weigh. Reserve the extracted sample for extraction with alcoholic 
potash. 

Calculation.— Calculate the percentage of chloroform extract as follows: 

, , wt. of extract 

Chloroform extract, per cent = X 1 00 

wt. of specimen 

TOTAL EXTRACT 

Apparatus.— The extraction apparatus shall be that described for Acetone Ex- 
tract. (See page 2156.) 

Procedure.— Place a weighed specimen of approximately 2 g. in a filter paper. 
If the specimen is in die form of a sheet, cut it widi scissors into strips 3 to 5 mm. 
in width. If the specimen may become tacky during the extraction, take care that 
adjacent portions are separated by paper. Fold the paper so that it will fit in die 



2206 RUBBER AND RUBBFR PRODUCTS 

extraction cup and suspend the cup m a weighed extraction fl-uk containing 3 # 
to 7o ml of a mixture consisting of 32 parts of acetone and 68 parts of chlorofonn 
by volume (Prior to the weighing of the extraction flask n shall have been dried 
for 2 hr at 70 ± o°C and cooled in a desiccator to the temperature of the balance! 
Extract the specimen continuously for 16 hours heating at a rate such that the 
time required to fill and empty the siphon cup will be between 2 o and 3 a minutes, 
(Hard rubber and any soft rubber specimen having a ratio of total sulfur to rubber 
hydrocarbon in excess of 10% shall be extracted for 72 hours) Carefully note all 
characteristics of the extract both when hot and cold If the color is black male 
a chloroform extraction and add the value for chloroform extract to the result 
obtained for total extract Evaporate off the solvent over a steam bath usm® a 
gentle current of filtered air to present boding Remote the flask from the steam 
bath just prior to the disappearance of the last traces of solvent to prevent loss of 
extract Continue the passage of air through the flask for 10 minutes to remove 
the remaining solvent and dry the flask for 2 hours in a 70 ± 5°C air bath Cool 
m a desiccator to the temperature of the balance and weigh Save the extracted 
rubber for further tests that require the use of an extracted specimen 

Calculation —Calculate the percentage of total extract as follows 

_ . wt of extract ,,,- 

Total extract per cent z X 100 

vvt of specimen 

ALCOHOLIC POTASH EXTRACT 

Reagents Alcoholic Potash Solution —A 1 N alcoholic KOH solution is pre 
pared by dissolving the correct amount of KOH in specially purified ethanol The 
ethanol is purified by dissolving Id g of AgNO a in 3 ml water and adding to 
1 litei of ethanol (ethanol denatured with 10% by volume of methanol may be 
used) Dissolve 3 g of KOH in the smallest amount of water cool add it to the 
AgN0 3 ethanol solution and shake thoroughl) Allow the solution to stand at 
least 24 hours filter and 'distill 

Procedure —Remove the specimen remaining after the chlorofonn extractor 
total extract from its wrapping material while wet with solvent and dry the rubber 
at 70 ± 5°C to remove the solvent Transfer to a 200 ml Erlenmeyer flask add 
50 ml of alcoholic potash solution and heat under a reflux condenser for 4 hours 
In the case of hard rubber continue the heating for 16 hours or more Filter into 
a 2a0 ml beaker wash •with two 2o ml portions of boiling alcohol and then v lui 
three 2o ml portions of boiling water and evaporate the filtrate just to dr) ness 
Use about 75 ml of water to transfer the residue to a separatory funnel Acidly 
tire solution with HC1 (1 3) testing with Congo red paper Extract with four 23- 
mi portions of ether unless the fourth portion should be colored when d e ^ 
traction shall be continued until no further quantity can be removed Unite t * 
ether fractions and wash thoroughly with water until free of acid (two "as ngs 
are generally sufficient) Filter the ether solution through a plug of P reuou ^ 
washed absorbent cotton into a weighed flask and wash the separatory funne an 
the cotton plug with ether Evaporate the ether on a steam bath using a 
current of filtered air to prevent boiling Remove the flask from the steam 
just prior to the disappear ince of die last traces of solvent and continue t> 
sage of air for 10 minutes Dry the flask at 100±a“C to constant weig 1 c 
and weigh 
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Calculation— Calculate the percentage of alcoholic potash extract as follows: 

, wt. of extract 

Alcoholic potash extract, per cent = : X 100 

r wt. of specimen 

UNSAPON1FIABLE ACETONE EXTRACT 

Procedure.— Add to the acetone extract obtained from a 2-g. specimen, 50 ml. of 
a 1 N alcoholic KOH solution. Heat on the steam bath under a reflux condenser 
for 2 hours, remove the condenser, and evaporate to dryness. Transfer to a separa- 
tory funnel, using about 100 ml. of water. Extract with 25 ml. of ether. Allow 
the layers to separate thoroughly; then draw off the water layer. Continue extrac- 
tion of the water layer with fresh portions of ether, including washing out the 
original flask with a portion, until no more unsaponifiable matter is removed. 
This usually requires about four washings. Unite the ether layers and Wash with 
water until a negative test for alkali with phenolphthalein is obtained on the wash 
water. Transfer the ether to a weighed flask and distill off the ether on a steam 
bath using a gentle stream of filtered air to prevent boiling. Continue the air 
stream for 5 minutes after the ether is distilled off. Dry the extract to constant 
weight at 100±5°C. and weigh. Save the residue for determination of waxy 
hydrocarbons and mineral oil. 

Calculation.— Calculate the percentage of unsaponifiable acetone extract as 
follows: 


Unsaponifiable acetone extract, per cent = ; — — X 100 

wt. of specimen 

WAXY HYDROCARBONS 

Procedure.— To the unsaponifiable matter obtained in the method for Unsaponi- 
fiable Acetone Extract, add 50 ml. of absolute ethanol and heat on the steam bath 
for 30 min. Let the flask stand in a mixture of ice and salt kept at — 5°C. for at 
least 1 hour. Filter off the separated waxy hydrocarbons on filter paper by apply- 
ing gentle suction while keeping the filter funnel surrounded by a salt-ice mixture 
at — 5°C. or lower. Wash the precipitate with ethanol (95 to 100%) that has been 
cooled to — 5°C. or lower in an ice-salt mixture. Save the filtrate and washings for 
determination of mineral oil. 

Dissolve the precipitate from the filter paper with hot chloroform, and catch die 
solution in a weighed 100- to 150-ml. beaker. Wash the flask with hot chloroform 
and add the washings to the solution in the beaker in order to include any in- 
soluble matter adhering to the walls of the flask. Evaporate the solvent on a s team 
bath, passing a gentle current of filtered air over the residue for 5 minutes after 
the solvent is essentially evaporated. Dry to constant weight at 100 ± 5°C., cool, 
and weigh. 

Calculation.— Calculate the percentage of waxy hydrocarbons as follows: 

, wt. of waxv hydrocarbons 

Waxy hydrocarbons, per cent X 100 

wt. of specimen 

MINERAL OIL 

Procedure.— Evaporate the alcohol filtrate from the waxy hydrocarbon determi- 
nation, using a gentle current of filtered air to prevent boiling, add 25 ml. of CC1 4 , 
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and transfer to a separatory funnel Shake with H 2 S0 4 dram off the colored acd, 
and repeat with fresh portions of HgS0 4 until there is no longer any discoloration 
After drawing off all of the H^O., add a portion of water and sufficient ether to 
form the ether CC1 4 layer above the water and wash repeatedly with v ater unt 1 
all traces of acid are removed as shown by methyl red indicator test on the water 
layer Transfer the ether CCl 4 layer to a weighed flask and evaporate the sol ent 
on a steam bath using a current of filtered air to prevent boiling Remove from 
the steam bath just prior to the disappearance of the last traces of solvent and 
continue the Row of air for 10 minutes Dry to constant weight in an an bath at 
100 ± 5 C cool and weigh 

Calculation —Calculate the percentage of mineral oil as follows 


, . , , wt of residue 

Mineral oil per cent = X 100 

wt of specimen 


SULFUR DETERMINATION 


Definitions Free Sulfur —Free sulfur in a rubber compound is defined as that 
sulfur which is determined by extraction with Na„S0 3 solution followed by deter 
mination of the resulting Na->S 0 3 according to the Free Sulfur (Sodium Sulfite) 
method on page 2209 This determination may include some sulfur in organ c 
compounds and coordinately bound sulfur in some instances The method is not 
applicable to HR rubbers 

Free Sulfur Acetone Extract —This is the sulfur removed by acetone extract on 
(page 21o6) or total extract procedure (page 2204) and includes not only elemental 
sulfur but sulfur m soluble organic compounds The method vs not appl cable to 
NBR or IIR rubbers because of the extraction procedure used The method is 
described on page 2209 

Organic Sulfur —The organic sulfur consists of any sulfur excluding inorganic 
sulfides or sulfates remaining in the rubber compound nfler acetone extraction or 
total extraction has been made It is not intended to represent the sulfur of vul 
cmuation though it includes any of the following materials (I) sulfur combiied 
with rubber (2) sulfur present in accelerators not removed by the extraction pro- 
cedures (3) part of the sulfur present in rubber substitutes such as factice ana 
mineral rubber 


The organic plus inorganic sulfur is determined on the extracted sample accord 
\v.% Ka iha Zmk. Aavi Method av. ’pisgz 2.2.1Q, wv tba absence, at acid soluble 

barium salts antimony or lead compounds and according to the Fusion Metloa 
on page 2211 if any of these compounds is present 
The organic sulfur is calculated by subtracting the inorganic sulfur (see belo > ) 
from the value obtained by this method The method is not applicable to 
or IIR rubber because of the extraction procedure used 

Inorganic Sulfur —The inorganic sulfur consists of sulfur originally added to c 
rubber but which has become combined with the fillers during vulcanization an 
sulfur that is determined as inorganic sulfides or sulfates The method is descn 
on page 2211 and is applicable only to rubbers for which the acetone extract an 
total extract procedures are valid . 

Total Sulfur —This consists of the total organic sulfur present in the unexl at 
sample and is determined as described on pages 2210-2212 according to the e 
non of organic sulfur 
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The above definitions are based on those given in ASTM Designation D297- 
G1T 10 and the procedures are essentially those of this Designation. 

FREE SULFUR ( SODIUM SULFITE) METHOD 

Apparatus — 400 ml. thin wall, chemically resistant glass flask; Buchner funnel. 

Reagents. Sodium Sulfite (Na 2 S0 3 ) Solution, 50 g. per 1. 

Sodium Stearate Suspension, 1 g. per 1. 

Paraffin. 

Strontium Chloride (SrCL) Solution, 5 g. per 1. 

Cadmium Acetate [(CH 3 COO) 2 Cd] Solution, 30 g. per 1. 

Formaldehyde Solution, 40%. 

Acetic Acid, Glacial. 

Starch Solution, 10 g. per 1. 

Iodine Solution, 0.05 to 0.1 N. 

Procedure— Place 2 g. of a sample thinly sheeted (0.05 to 0.075 cm. (0.02 to 0.03 
in.)) in a 400-ml., thin-wall, chemically resistant glass flask. Add 100 ml. of Na 0 SO s 
solution, 5 ml. of a sodium stearate suspension in water, and approximately 1 g. 
of paraffin. Cover the flask with a small watch glass and heat so as to boil gently 
for 4 hours, or digest just below the boiling point for 16 hours. Remove the flask 
and add 100 ml. of SrCl 2 solution and 10 ml. of cadmium acetate solution. Sepa- 
rate the rubber and precipitates by filtration, using a Buchner funnel with suction. 
(The funnels are prepared by forming a thin asbestos pad, or a thicker layer of 
diatomaceous earth filter-aid, over a single sheet of qualitative filter paper. Filters 
thus prepared can be used numerous times.) Wash with two 75- to 100-ml. portions 
of a wash solution containing 40 ml. of cadmium acetate solution per liter of wash 
solution. To the filtrate, add while stirring 10 ml. of 40% formaldehyde solution, 
10 ml. of glacial acetic acid, and 5 ml. of starch solution. Add enough crushed ice 
to bring the temperature of the solution below 15°C., and titrate with iodine solu- 
tion to a blue end point. 

Blank.— Run a blank determination on the reagents, and subtract this figure, 
usually 0.2 to 0.3 ml., from the titrations on the samples. 

Calculation.— Calculate the percentage of free sulfur as follows: 

ir 04 — B)N X 0.032 „„„ 

Free sulfur, per cent = — X 100 

where A = ml. of iodine solution required for titration of the sample, 

B = ml. of iodine solution required for titration of the blank, 

N = normality of the iodine solution, and 
C = g. of sample used. 

FREE SULFUR, ACETONE EXTRACT 

Reagents. Zinc-Nitric Acid Solution, see page 2210. 

Procedure .— Add to the flask containing the acetone extract, 10 ml. of Zn-HNO s 
solution and 2 to 3 ml. of bromine and cover with a watch glass. Allow to stand 
near a steam plate for 30 min., then heat on the steam plate to a foamy syrup. 

Add 10 ml. of fuming HN0 3 and heat on the hot plate with the cover removed 

until all the bromine is expelled. Continue the determination as described in 
the procedure for the Zinc-Nitric Acid Method (page 2210) after the evaporation of 
the bromine. 
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SULFUR Z1KC &1TRIC ACID METHOD 
Reagents Zinc Nitric Acid Solution [add 200 g zinc oxide (ZnO) to 1 liter of 
nitric acid (HN0 3 ) (sp gr 1 42)] 

Fuming Nitric Acid (HN0 3 ) 

Bromine Water 

Hydrochloric Acid Solution (HCI), I 6 in water 

Picric Acid Solution saturated 

Barium Chloride (BaCL) Solution 100 g perl 

Procedure —Place 0 5 g of soft rubber or 0 2 g of hard rubber (extract the 
specimen with acetone or acetone chloroform mixture if organic sulfur is to be 
determined) in a 500 ml Erlenmeyer destruction flask of chemically resistant ma 
ternl Add 10 ml of Zn-HNO a solution and moisten the sample thoroughly 
Let stand at least 1 hour overnight if convenient By so doing the sample be 
comes partly decomposed this permits the addition of fuming HTv0 3 with no 
danger of ignition of the sample Add 15 ml of fuming HNO a and whirl the flask 
rapidly to keep the sample immersed to avoid ignition With some samples it m * 
be necessary to cool the flask under running water 
\\ hen the solution of the rubber appears to be complete add 5 ml of a satu 
rated water solution of bromine and slowly evaporate the mixture to a foamy syrup 
(For the determination of sulfur in unvulcanized mixtures use $ ml of brom e 
in place of bromine water ) 

If organic matter or carbon remain at this point add a few milliliters of fum g 
HNO a and a few crystals of KC10 3 (Caution) and evaporate at a boil Repeat ths 
operation until all carbon is gone and the solution is clear colorless or light yello 
At this point either of the following procedures may be used 
Procedure A —Place the flask on an asbestos gauze and evaporate the mixture to 
dryness over a Tirrill burner Then bake the mixture at the highest temperature 
of the burner until all nitrates are decomposed and no more nitrogen oxide fumes 
can be detected The flask must be carefully annealed after this procedure by 
gradually decreasing the flame or by placing the flask on successively cooler sources 
of heat 

Procedure B— Evaporate the mixture cool add 10 ml of HCI and evaporate 
to dryness avoiding spattering Repeat this procedure once or more than oi« 
if oxides of nitrogen are still evolved 

Cool the flask add 50 ml of HCI (1 6) and digest hot until solution is as to® 
plete as possible Filter while hot Wash the filter and dilute the filtrate and 
washings to about 300 ml Add 10 ml of saturated picric acid solution heat to 
90°C and precipitate the sulfate by dropwise addition of BaCl 2 solution wh e 
stirring vigorously Digest the precipitate overnight preferably at 60 to 80 
using a watch glass to cover the beaker Filter the BaSO* and wash witliiattf 
until the filter is colorless Dry ash and finally ignite the precipitate at 6o 10 
900 °C to constant weight Cool in a desiccator and weigh 
Calculation— Calculate the percentage of sulfur as follows 

c „ wt of BaSO* X 0 1373 inA 

oulfur, per cent — X iw 

wt of specimen 
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SULFUR, FUSION METHOD 

Reagents. Nitric Acid-Bromine Solution [add a considerable excess of bromine 
to nitric acid (HN0 3 ) (sp. gr. 1.42) so that a layer of bromine is present in the 
reagent bottle. Shake thoroughly and allow to stand 24 hours before using.] 

Sodium Carbonate (Na 2 C0 3 ) Solution, 50 g. per 1. 

Procedure.— Place 0.5 g. of soft rubber or 0.2 g. of hard rubber in a porcelain 
crucible of about 75-ml. capacity. The sample shall have been extracted with 
acetone or acetone-chloroform mixture if organic plus inorganic sulfur is to be 
determined. Add 15 ml. of the HN0 3 — Br 2 mixture, cover the crucible with a 
watch glass, and let it stand for 1 hr. in the cold. Heat for 1 hr. on the steam 
bath, remove the cover, rinse it with a little water, and evaporate to dryness. 

Add 3 ml. of HN0 3 , cover, warm a short time on the steam bath, then allow to 
cool. Carefully add in small portions, by means of a glass spatula, 5 g. of Na 2 C0 3 
(weighed to 0.5 g.). Raise the watch glass only high enough to permit the intro- 
duction of the spatula. Allow the Na 2 C0 3 to slide down the side of the crucible, 
as it must not be dropped directly into the acid. Rinse the watch glass with 2 or 
3 ml. of hot water and stir the mixture thoroughly with a glass rod. Digest for a 
few minutes, spread the mixture halfway up the side of the crucible to facilitate 
drying, and dry on a steam bath. Fuse the mixture by heating over a sulfur-free 
flame. 

Place the crucible in an inclined position on a wire triangle and start the ignition 
over a low flame. The tendency for the organic matter to burn too briskly may 
be controlled by judicious use of the stirring rod with which the burning portion 
is scraped away from the rest. When part of the mass is burned white, work a 
fresh portion into it until all of the organic matter is destroyed. It is necessary to 
hold the edge of the crucible with tongs. Toward the last half of the operation 
the flame should be increased. It is unnecessary to heat the crucible to redness. 
With care, a crucible can be used for at least 10 to 12 fusions. 

After a fusion, allow the crucible to cool. Place it in a 400-ml. beaker, add 
sufficient water to cover the crucible (about 125 ml.), and digest on the steam bath 
or plate for at least 2 hours. 

Filter the solution into a covered 400-ml. beaker containing 5 ml. of HC1 and 
wash the residue thoroughly with hot Na 2 C0 3 solution (50 g. per 1.). A qualitative 
test for barium may be made on the residue, but no analysis for barium or correc- 
tion because of its presence is necessary, unless a detailed ash analysis is desired. 
Acidify the filtrate to indicator paper with HC1 and add 2 mb in excess. Precipi- 
tate barium sulfate and complete the determination as described in Zinc-Nitric Acid 
Method, page 2210. 

Calculation.— Calculate tire percentage of sulfur as follows: 


Sulfur, per cent = 


wt. ofBaSCU X 0.1373 
wt. of specimen 


X 100 


SULFUR, INORGANIC, ANTIMONY ABSENT 
Procedure .— Extract a 1.0 g. specimen with acetone or with acetone-chloroform 
mixture. Dry the sample, place in a porcelain crucible of about 75-ml. capacity, 
and distill ofl the rubber in a muffle furnace, using a maximum temperature of 
150'C. A burner may be used for ashing if the sample is not allowed to catch fire. 
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A wire gauze under the crucible will aid in preventing combustion The carbon 
need not be completely burned off m this ignition If acid soluble barium sails 
or lead are absent add 3 ml of HN0 3 -Br 0 mixture to the ash cover with a watch 
glass and heat for 1 hour Transfer the contents of the crucible with washing 
into a 500 ml Erlenmeyer destruction flask of chemically resistant material and 
evaporate to dryness Proceed with the determination of sulfur as in the Zinc 
Nitric Acid Method page 2210 In the presence of acid soluble barium salts or lead 
determine the sulfur by treating the ash according to the Fusion Method page 2 , 11 
Calculation —Calculate the percentage of inoiganic sulfur as follows 

„ vvt ofBaSOi X 0 1373 

Inoreamc sulfur per cent X 1 00 

wt of specimen 

TOTAL INORGANIC FILLERS 

FILLERS RUBBER SOLI E\T METHOD *» 

Scope — This method is intended for use in determining the fillers in rubber 
compounds containing decomposable fillers It is not applicable to nitrile type 
synthetic rubber compounds nor to any synthetic rubber compound that will not 
dissolve in the solvent oil nor to hard rubber compounds 
Solvents for vulcanized rubber have been suggested from time to time in at 
tempts to isolate the compounding ingredients in rubber goods by methods that 
would avoid the thermal decomposition incident to the ash method Aniline tere 
bene kerosene toluene and cymene have been used with success For the most 
part filtration is slow with these solvents The method consists of dissolving the 
rubber compound in the solvent separating the inorganic residue and some organic 
residue by filtration and weighing the residue A correction is made for the 
organic material and free carbon by remov ing the decomposable ingredients from 
the inorganic residue with HC1 and determining the organic portion of the residue 
by ignition 

In the procedure the rubber solvent consists of a mixture of 300°C mineral seal 
oils from two or more sources Before use the mixed oils are passed through a 
column of fullers earth contained in a glass tube 3 ft in length and 1*6 m 111 
diameter The filtered mixture is practically colorless The rubber hydrocarboi 
m vulcanized soft rubber compounds is dissolved by (be solvent rn shout 2 iiovrs 
at loO to 16o°C The subsequent operations incident to isolating the compounding 
ingredients are conducted as readily as with an aqueous solution The solvent « 
recommended because of completeness of separation and the rapidity with which 
it may be filtered It has been determined empirically that the colloidal solution 
of rubber formed does not have the disadvantage of slow filtration which is rypvca 
of some other solvents of vulcanized rubber 
After the mixture of mineral oils has acted on a rubber compound the rubber 
is dissolved and the fillers remain for some time in suspension in the solution 
On continued heating the fillers settle to the bottom of the container In mixtures 
of asbestos fibers and rubber compound such as are present in compressed asbestos 
sheet packing it is possible by the above difference in behavior to separate 
rubber and rubber compound ingredients from the asbestos fibers While e 

s Tentative Methods for Chemical Vnalysis of Rubber Products AST'I Des gnat t> n 
D297 59T 
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fillers are still in suspension the solution is poured through a sieve, which retains 
the fibers. A No. 80 (177-micron) sieve is recommended for the purpose. Subse- 
quently, by continued heating the rubber and compounding ingredients may be 
separated. Any asbestos present as asbestine is separated with the compounding 
ingredients. In the case of rubber goods prepared from new rubber, a small 
amount of undissolved material is obtained for which a correction must be made. 

Apparatus .— Assay flask, 150 ml.; Gooch crucible. 

Reagents. Rubber Solvent.— The mineral oil used in the solution method of 
determining rubber and fillers should have approximately the following properties: 


Saybolt 

Universal j at 68°F. (20°C.) 56 sec. 

viscosity |at 100°F. (38°C.) 45 sec. 

Flashpoint 270°F. (132°G.) 

Fire point 350°F. (177°C.) 

Specific gravity 0.853 

Color colorless 


Procedure .— Weigh a 0.5- to 0.6-g. specimen. Extract with acetone-chloroform 
mixture (page 2205) for a minimum of 8 hours. If the extracting liquid is still 
colored at the end of this time, continue the extraction until the liquid is clear 
in the siphon cup. Remove the specimen and place it in a 150-ml. lipped assay 
flask. Add 20 to 25 ml. of the solvent oil, cover with a watch glass and heat in an 
air bath at a temperature of 150 to 165°C. until solution appears complete, and 
then continue heating for 15 to 30 minutes. Solution may be considered complete 
when the rubber colloid has been broken down and the oil seems quite clear. 
Remove the flask from the air bath, cool to about 80° C., and add in a small stream 
10 to 15 ml. of benzene while mixing thoroughly. Allow to cool and then dilute 
with sufficient petroleum ether to fill the flask to within about 2 cm. of the top. 
Mix thoroughly, cover the flask to prevent evaporation, and allow the mixture to 
stand until the particles settle. 

Prepare a Gooch crucible with finely divided asbestos that previously has been 
treated with strong NaOH solution and HC1 and washed well with water. Ignite 
the crucible, cool, and weigh; call this weight c. Filter the mixture by decantation 
through the crucible, using suction. Wash well with petroleum ether, followed by 
warm acetone, and by a warm mixture of equal volumes of acetone and chloroform 
if the filtrate is daik. Remove as much as possible of the organic residue by wash- 
ing; finally, wash with hot alcohol. A portion of the fillers will remain in the flask. 
Dry the crucible and flask with their contents for 1 hour at a temperature of 105 
to 1 10°C. Cool, and weigh. Call the weight of the flask and contents d, and the 
weight of the crucible and contents e. For inorganic sulfur determination or for 
BaCO a determination do not perform the weighings, but refer to pages 221 1 and 2220. 

Remove the acid-soluble compounding ingredients from the flask and Gooch 
crucible in the following manner: Place the crucible in the filter funnel and then 
add a few milliliters of boiling alcohol to the flask and crucible. Allow to soak 
for 2 or 3 minutes and then wash two or three times with boiling water. Let the 
flask cool. Add 10 ml. of HC1 and swirl the flask to bring the acid in contact with 
the compounding ingredients. Pour the acid from the flask into the crucible and 
let it stand until no more bubbles rise through the liquid. If carbonates are 
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present there is danger of loss by excessive frothing This can be prevented by 
first adding a few drops of the HC1 to the crucible and sucking it through the pad 
After the violent action has ceased add the remainder of the 10 ml of HC1 Bhen 
no more gas is etched, draw the HC1 through the pad and again wash with 20 ml 
of HC1 adding a little at a time Wash well with hot water, and Completely trans 
fer the residue remaining in the flask to the asbestos pad Dry the flask and 
crucible for 1 hour at 105°C, cool and weigh Call the weight of the flask /, and 
that of the crucible containing the organic residue and acid insoluble fillers h 
Burn the organic residue from the asbestos pad by igniting in a furnace at 'J00*C 
cool, and weigh Call this weight k 

Calculation —Calculate the percentage of fillers as follows 


Fillers per cent =• 


lOOft + d + k) - (c -f / + A)] 

\\t of specimen 


ASH 

The total ash determination of rubber compounds may be carried out as de 
scribed for natural rubber page 2151 of this chapter Howes er, a slower method 
is recommended b> ASTM 16 for referee use This procedure is as follows 

Apparatus —An electric muffle furnace shall be employed for the test Numbered 
porcelain crucibles 41 mm in diameter and 25 mm in height shall be used The 
bottom of the furnace shall be covered by a sheet of asbestos 0 06 in in thickness 
cut to fit 

Procedure Extract a 2g specimen with acetone as described in the acetone 
extraction (page 2156) Allow the extracted specimen to dry at 100°C cool m a 
desiccator, and weigh Ditule the specimen into two parts of equal weight and 



Fig 43 5 Location of apparatus for Ash Determination (Referee Method) 

place each of them in crucibles previously ignited, cooled in a desiccator, and 
weighed Place the two crucibles, with contents, together (with their tops touch 
mg) m the furnace on a line crossing the furnace halfway between its ends as 
shown in Fig 43 5 Regulate the temperature of the furnace by means of a rheostat 
so that the temperature corresponds to the curve shown m Fig 43 6, with a ma ' 1 ' 
mum permissible variation of plus or minus 25°C Measure the temperature wit 
a thermocouple (previously calibrated) enclosed in a quartz tube closed at one er) 

6 to 7 mm m diameter, 0 5 to I mm in thickness, and placed in a horizontal po« 
tion in contact with the asbestos sheet on the bottom of the furnace, so that t e 
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Time, min 

Fig. 43-6. Time-Temperature Cun e for Ash Determination (Referee Method). 


hot junction of the couple is on a line crossing the furnace halfway between its 
ends, and halfway between the two crucibles, as shown in Fig. 43-5. Adjust the 
door of the furnace to conform to the following requirements: 


Opening 

First 400 minutes . . | in. 

From 400 to 450 minutes . . 1 § in. 

Remainder of period (7 minutes) . wide open 

At the end of the period of heating, as shown, lemove the crucibles from the 
furnace, cool in a desiccator, and weigh. 

Calculation.— Calculate the percentage of ash as follows: 

, wt. of ash 

Ash, per cent = — — X 100 

wt. ol sample 

This total ash may be considered as a measure of the non-organic fillers in the 
compound. 


ANALYSIS OF ASH 

SILICON DIOXIDE AND INSOLUBLE MATTER 
Procediti e— Dissoh e one of the specimens of ash in 10 ml. of HC1, rinse the 
crucible thoroughly, dilute to 100 ml., and etaporate to dryness in a casserole. 
Bake for 1 hour at 120°C. Moisten with 10 ml. of HC1 and 3 chops of HN0 3 . 
and digest for 15 minutes on the steam bath. Add 100 ml. of water, boil, filter, and 
wash with hot watei. Dry and ignite in a porcelain crucible. Weigh to determine 
the SiO„ and insoluble matter. If the residue is large enough to justify an analysis 
for SiO.,, transfer to a platinum crucible and add 2 to 3 ml. of HF and a few drops 
of H 2 S0 4 . Evaporate to dryness, and carefully ignite at a low red heat. The loss 
in weight is Si0 2 . 

Calculation.— Calculate the percentages of Si0 2 , and of Si0 2 and insoluble matter 
as follows: 
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SiOj and insoluble matter, per cent = ^ ^ ^0 

„ _ (A — B) — (D — E) 

S 1 O 2 per cent = — — - X 100 


where A — weight of residue and porcelain crucible after ignition, 

B = weight of porcelain crucible, 

C = weight of original specimen, 

D * weight of residue and platinum crucible after treatment with HF and igni 
tion and 

E = weight of platinum crucible 


\ large residue after the HF trtatment may be BaS0 4 PbS0 4 Ti0 2 which 
may be identified by microscopic examination If small amounts of A1,0, 
and Fe_0 3 ate present 111 the residue they may be dissolved by fusion with k 2 S 0 
reprecipitated with IsH 4 OH and added to the R 2 0 3 precipitate provided TiO 14 
absent and an exict analvsts for ALO, Te^Oj or both is desired 


LEAD OXIDE 

Procedure —A complete precipitation of the lead as PbS may be made if the 
concentration and acidity are carefully controlled Just neutralize the filtrate from 
the determination of SiO s and insoluble matter with ?sH 4 OH and add I ml of 
HC1 Run a rapid stream of H S into the solution ind dilute to between 50 and 
100 ml Continue the addition of H S until precipitation is complete Filter and 
w isli with a saturated «olution of H_S If antimony is present it will precipitate 
under these conditions zinc may also be precipitated but neither will interfere 
with the determination of lead Dissolve the PbS 111 HNO a (1 I) boil to complete 
solution If antimony is present it may not be dissolved by this procedure Filter 
Cool the filtrate add 10 ml of H 2 S0 4 and evaporate to dense white fumes of 
H 2 S0 4 Cool dilute with 50 ml of water add an equal volume of ethanol (9a%) 
and let stand overnight Filter on a tared Gooch crucible, wash with ethanol 
(50%) and dry at 105°C 

Calculation —Calculate the percentage of lead as follows 


Lead oxide per cent = 


(d-fi)XO 7670 
C 


X 100 


where A — weight of crucible and PbSO<, 

B — weight of crucible, 

C — weight of original specimen, and 
0 7670 = conversion factor from PbSOi to PbO 


IRON AND ALUMINUM OXIDES 

Procedure —Boil the filtrate from the lead sulfide precipitation to expel H 2 $ 
Adjust the volume of solution to 100 to 150 ml Add a few drops of HN0 2 and 
boil the solution again Test for ferrous iron, using K 3 Fe(CN) c as an outside 
indicator on a spot plate If ferrous iron is present, add more H!s0 3 and procee 
as before until all the iron is oxidized Add 5 g of solid NH 4 CI Add JsH 4 0 
until the solution is colored definitely yellow by methyl red but do not add an 
excess Heat to boiling and boil for 5 minutes When the precipitate has sett « 
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filter, with the aid of filter pulp if the precipitate is large, and wash with NH 4 C1 
(20 g. per 1.). Carefully char off the filter paper at low temperature and ignite the 
residue in a freely oxidizing atmosphere. 

Calculation.— Calculate the percentage of R 2 O s as follows: 

R2O3, per cent = - — — — - X 100 

where A — weight of crucible and RoC^FeoCA + AI2O3), 

B = weight of crucible, and 
C = weight of original specimen. 

Iron in the R 2 0 3 residue may be determined, if desired, by fusing the residue 
with potassium pyrosulfate, dissolving the melt in 6 AT H 2 S0 4 , reducing the iron 
with amalgamated zinc, and titrating the iron with KMn0 4 solution. 

CALCIUM OXIDE 

Procedure .— If acid-soluble barium salts were found to be absent, dilute tire fil- 
trate from the R.,0 3 determination to 200 ml., add methyl red indicator, and 
neutralize with 1 A r H 2 S0 4 . Add 25 ml. of formic acid mixture (200 ml. formic 
acid, 770 ml. water, 30 ml. NH 4 OH). If acid-soluble barium salts were found to 
be present, remove the barium as follows: Dilute the filtrate from the R 2 0 3 de- 
termination to 200 ml., neutralize with 6 N HC1, and add 10 ml., in excess. Heat 
to boiling. Add 1 N H 2 S0 4 to precipitate barium, but avoid a large excess. Digest 
until the precipitate settles, test for completeness of precipitation, and digest for 
at least 2 hours or until the precipitate is filterable. Filter, wash, and discard the 
precipitate. Concentrate the filtrate to 200 ml., neutralize with NH 4 OH to methyl 
red indicator, neutralize with 1 N H 2 S0 4 , and add 25 ml. of formic acid mixture. 

Pioceed at this point to remove zinc by heating the solution to 60°C. and saturat- 
ing with H 2 S for 20 minutes. Digest for 1 hour at 60°C., filter, and wash with 
formic acid wash solution (30 ml. formic acid mixture diluted to 1 liter and satu- 
rated with H 2 S). Test for complete removal ot zinc with (NH 4 ) 2 S in alkaline solu- 
tion. Filter again if necessary. Make the filtrate just acid with 6 N HC1, and 
evaporate to 150 ml. Filter to remove sulfur. Add methyl red indicator, heat to 
50°C., neutralize with NH 4 OH, and add 1 ml. in excess. Make the solution just 
acid with oxalic acid solution (100 g. per 1.), add 12 ml. in excess, and boil for 
2 min., while stirring vigorously. Add approximately 50 ml. of saturated ammo- 
nium oxalate solution, adding more if the solution is still acid to methyl red, dilute 
to 250 to 300 ml., boil for 2 minutes, and digest on a steam bath for 1 hour. Allow 
to cool, filter, and wash with a solution containing 2 g. of ammonium oxalate and 
1 g. of oxalic acid per liter. Dissolve the precipitate in 50 ml. of warm 3 A T HC1 
and reprecipitate by the above procedure, uniting filtrate and washings with the 
first filtrate and washings. The quantities of oxalic acid and ammonium oxalate 
used in the reprecipitation may be one-half or possibly only one-fourth as large as 
in the first precipitation. If CaO is to be determined volumetrically, wash the 
precipitate of CaC 2 0 4 finally with water, dissolve the precipitate from the paper 
in hot G N H 2 S0 4 , and titrate hot with standard 0.1 A r KMn0 4 , finally adding the 
filter paper to the mixture and finishing the titration rapidly. A sintered glass 
crucible of fine porosity may be advantageously substituted for the filter paper. 
If CaO is to be determined gravimetrically, dry and ignite the precipitate in a 
covered porcelain crucible, the ignition temperature being from 1000 to 1200°C. 
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Calculations —Calculate the percentage of CaO as follows 
J olumetric Method — 


CaO per cent 


A X V X 0 028 
C 


X loo 


where A = milliliters of KMnOi solution 
V = normality of KMnOi solution, 

C = weight of original specimen and 

0 028 = grams of CaO equivalent to each milliliter of exactly 1 K KMnOi solution 
G> am me trie Method — 


A - D 

CaO per cent « — — — X 100 

where A — weight of precipitate plus crucible, 

D = weight of crucible and 
C — weight of original specimen 


MAG\ESIUM OXIDE 

Procedure Evaporate to dryness the combined filtrates and washings from the 
determination of calcium Add 50 ml of HNO a cover and warm until tl e evolu 
tion of gas subsides Uncover and evaporate to dryness avoiding spattering Heat 
the residue on a hot plate Iot 2 to $ hours overnight if convenient Dissolve 

the residue in 100 ml of water slightly acidify with HCI and add 2a ml of 

(NH 4 ) HP0 4 (100 g per 1) Cool to lo°C (preferably use an ice bath) neutralize 
very slov.lv with NH,OH while stirring constantly using methvl red as an indicator 
and add 10 ml of NH 4 OH in excess Let the solution stand overnight filter with 

out attempting to transfer the precipitate and wash with 1 \ \H 4 OH Dissolve 

the precipitate in warm 3 \ HCI using the beaker from which the precipitate was 
filtered Dilute to 100 nil add 5 ml of (NH 4 ) HPO, (100 g per I ) neutralize 
very slowly with NH 4 OH while stirring constantly and add 5 ml of \H 4 OH in 
excess Let stand for at least 4 hours then filter through paper or asbestos which 
is known not to be affected by ignition with alkaline phosphates If paper is used 
it must be charred off at very low temperatures to prevent fireproofing of the paper 
Ignite to Mg_P_0 7 at 1000 to 1200"C for 60 minutes and weigh 

Calculation —Calculate the percentage of MgO as follows 


MgO per cent = 


(A - B) X 0 3621 
C 


X 100 


where A = weight of crucible and precipitate, 

B — weight of crucible, 

C = weight of original specimen, and 
0 3621 *= conversion factor from Mg 2 P '>07 to MgO 


ZINC OXIDE 

Procedure— Dissolve the second sample of ash m 15 ml of HCI m a beakef 
Remove the crucible from the beaker rinsing it thoroughly Evaporate the solu 
tion to 5 ml and cool Add 10 ml of saturated bromine water, 5 g of ?vH 4 
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and 15 ml. of NH 4 OH, and boil vigorously for 3 minutes. Filter off the precipi- 
tated hydroxides, washing in four portions with 100 ml. of a solution containing 
50 g. of NH 4 C1 and 25 g. of NH 4 OH per liter. Dilute the solution to 250 ml., 
heat to boiling, and add 4 drops of (NH 4 ) 2 S to destroy oxidizing agents. Neutralize 
with HC1, add 10 ml. in excess, and divide the solution into two approximately 
equal portions. Titrate one portion at 75°C. with K 4 Fe(CN) e solution, using a 
saturated uranyl acetate solution as an outside indicator. The first appearance of 
a brown coloration on the spot plate indicates the end point. Titrate the first 
portion by adding 0.5- to I -ml. increments of K 4 Fe(CN) 6 solution. Add the second 
portion of zinc solution to the titrated first portion and continue the titration at 
75°C„ using the first titration as a guide to estimate the total titration. Approach 
the end point by adding 0.05- to 0.10-ml. increments of K 4 Fe(CN) G solution. 

Standardization and Blanks.— The potassium ferrocyanide shall be approximately 
0.04 M (17 g. of K 4 Fe(CN) 6 -3H 2 0 per liter). One milliliter of this solution is 
equivalent to approximately 5 mg. of ZnO. Standardize the K 4 Fe(CN) c solution 
against zinc of known purity by the same method as used for the determination. 
Each analyst should run his own standardization because of variations in color 
sensitivity. Blanks must be run on the standardization and on the analysis. 
Calculation.— Calculate the percentage of ZnO as follows: 

AB 

ZnO, per cent = — - X 100 

u 

where A = ml. of K 4 Fe(CN) 0 solution, 

B = g. of ZnO equivalent to each ml. of K4Fe(CN)6 solution, and 
C — weight of original specimen. 

TOTAL BARIUM AS BARIUM SULFATE 
Procedure.— Analyze the third specimen of ash, which shall have been ashed in 
a 50-ml. crucible, for total barium as follows: Fuse the specimen with 5 g. of a 
mixture of equal parts of Na 2 CO g and NaN0 3 . Stir well during the fusion. Cool 
the crucible, place it in a 400-ml. beaker with about 125 ml. of water, and digest 
on the steam plate or bath overnight. Filter the solution and wash the residue well 
with hot Nn 2 CO.j solution (50 g. per 1.). Wash this residue back into the original 
beaker with hot water, dissolve the residue in the beaker and any traces on the filter 
paper with HC1, and heat the solution on the steam bath. Filter and wash thor- 
oughly with hot water. Adjust the acidity by means of 6 N NH 4 OH and 6 N HC1 
to be between 0.2 and 0.3 N in HC1. Cool, saturate the solution with H„S, and, 
when the PbS has settled, filter into a 400-ml. beaker and wash thoroughly. The 
total volume of the solution shall not be over 200 ml. Precipitate the barium with 
H 2 S0 4 (1:16) and treat the precipitated BaS0 4 in the usual manner as for sulfur 
determination. 

Calculations.— Calculate the percentages of total barium as BaS0 4 as follows: 

Total barium as BaSO,|, per cent = _ wt - °f BaSC ^ ^ ^ 

wt. of specimen 

OTHER FILLERS AND COMPOUND INGREDIENTS 
The procedures are those of ASTM Designation D297-61T except where other- 
wise noted. 
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BARIUM CARBONATE 

Scope —Barium carbonate is determined if the presence of acid soluble barium 
salts is indicated by preliminary test for Qualitative Nonrubber Constituents page 
2203 and if the presence of BaS0 4 is also indicated by the presence of acid insoluble 
ash that will give a test for barium after Na 2 C0 3 fusion The procedure given is 
applicable to the synthetic rubbers as well as natural rubber 

Procedure — Place a 1 g specimen in a porcelain boat and place this in a com 
bustion tube through which passes a current of CO Ash the sample in the tube 
After ignition and cooling in the atmosphere of CO_ remove the boat finely grind 
the residue in an agate mortar transfer it to a 2o0 ml beaker and treat with 5 to 
10 g of (NH 4 ) a C0 3 lo to 20 ml of NH 4 OH and about 50 ml of water Boil the 
mixture for 20 minutes filter and wash the precipitate thoroughly to remove all 
soluble sulfates \\ ash the residue on the filter paper back into the original beaker 
and add about 10 ml of glacial acetic acid with sufficient water to make the total 
volume about 100 ml Heat this to boiling and filter through the same paper as 
before Pass H S into the filtrate to precipitate the lead Filter wash and discard 
the precipitate Precipitate the barium wall H 2 S0 4 (1 16) and determine in the 
usual manner 

Calculations —Calculate the percentages of BaC0 3 and of BaCO a as Ba$0 4 as 
follows 


BaC0 3 per cent 


vvt of BaSO« X 0 8458 ^ iQQ 
vvt of specimen 


BaCC >3 as BaSO< per cent — ut ofBaSO< ^ jqq 
wt of specimen 


TOTAL AETIMOEY 

Scope —Antimony is determined when its presence is indicated in test for Quail 
tative Nonrubber Constituents page 2203 Since it is determined as the sulfide tie 
percentage of antimony sulfide will not usually represent the exact weight of the 
substance as originally compounded This is so because commercial antimony sul 
fide normally has some excess sulfur or other impurities present 

Reagents Standard Potassium Bromate Solution (0 1 A) Dissolve approxi 
mately 2 79 g of KBrO a in 1 liter of water (Note) Standardize this solution by 
means of standard arsemous oxide as follows Use a sample containing from 0 1 
to 02 g o't As 2 O s Dissolve it in ~KOH neutralize with HQ anci adi V5ni V* 
HC1 in excess Dilute to 100 ml warm to about 60 C and titrate with KBiO s 
using two drops of methyl red solution (0 2%) as indicator When the indicator 
fades add the XBr0 3 slowly using more indicator if desired At the end point 
the solution turns colorless and an added drop of indicator should be decolorized 


Sb equivalent of 1 ml of KBrOj = 


wt of A 52 O 3 X 1 23 
milliliters of KBrOj 


Note —P otassium bromate of known purity may be used as a primary standard 
making ibis solution Boih the solid and the solution are very stable If KBrOj ts u 
as a primary standard l ml of 0 1 A KBr0 3 is equivalent to 0 006089 g of antimony 

Procedure —Weigh out a 0 5 g sample and transfer to a Kjeldahl flask Add 
2o ml of H 2 S0 4 and 10 to 12 g of place a funnel in the neck of the Has* 
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and heat until the solution becomes colorless. Cool, wash the funnel, dilute the 
solution to 100 ml. with water, and transfer to a 400-ml. beaker. Dilute to 250 ml. 
with hot water, and precipitate the antimony with H,S. Filter, and transfer the 
precipitate to a Kjeldahl flask. Add 15 ml. of H 2 S0 4 and 10 to 12 g. of K 2 S0 4 , and 
heat as described above until the solution is colorless. Wash the funnel, dilute the 
solution to 100 ml. with water, add 1 to 2 g. of Na 2 S0 3 , and boil until all the SO a 
is driven out. This is shown when no blue color is obtained with starch iodate 
paper. Add 25 ml. of HC1, dilute to 200 ml., regulate the temperature to about 
60°C., add 2 drops of 0.2% methyl red solution, and titrate with 0.1 N KBr0 3 
solution until the solution is colorless. When the indicator starts to fade, 
add the KBrO a slowly, using another drop of indicator if desired. At the end 
point, an added drop of indicator should become colorless. If iron is found to be 
absent, it is not necessary to precipitate the antimony with H 2 S and the second 
heating in the Kjeldahl flask may be eliminated. 

Calculation.— Calculate the percentage of antimony as Sb 2 S 3 , as follows: 


Antimony as Sb^Ss, per cent 


ml. KBrC >3 X normalitv of KBrOs X 0.0849 ^ 

wt. of specimen 


TITANIUM DIOXIDE 

Scope .— This procedure may be used for determination of TiO a in any rubber 
product. It may also be used qualitatively to detect the presence of TiO, in the 
ash of a rubber product. The method is based on fusion of the rubber product 
ash with potassium pyrosulfate, dissolution of the fused mixture in dilute H.,S0 4 
and the formation of a colored titanium complex with hydrogen peroxide. 

Calibration oj Photoelectric Photometer .— Accurately weigh 0.125 g. of titanium 
dioxide into a 30-ml. platinum crucible. Add 6 g. of fused potassium pyrosulfate 
powder and 2 to 3 drops of H 2 S0 4 . Heat the crucible gently until all the pyro- 
sulfate is melted. Gradually increase the heat until the bottom of the crucible is a 
dull red and continue heating until the Ti0 2 is completely dissolved. Allow to 
cool while carefully rolling the melt around the walls of the crucible to facilitate 
solution of the fused material. Place crucible and contents in a 150-ml. beaker 
containing 50 ml. of water. Carefully add, with stirring, 25 ml. of H.,S0 4 . Cover 
the beaker and boil gently until dissolution is complete. Remove the heat and 
remove crucible from beaker with a glass rod, washing with H„S0 4 (6:100). Cool 
the solution and transfer to a 250-ml. volumetric flask, rinsing with H„S0 4 (6:100). 
Dilute to volume with water and mix well. Carry a blank through the same pro- 
cedure. If a spectrophotometer with 1-cm. cells is used for absorbance measure- 
ment, proceed as in (1). If a filter photometer is used for this measurement, pro- 
ceed as in (2). 

(1) Transfer a 15-ml. aliquot of the titanium sulfate solution to a 50-ml. vol- 
umetric flask, add 2 ml. of H 3 P0 4 and 5 ml. of hydrogen peroxide (3%) to the 
flask and dilute to volume with H 2 S0 4 (6:100). Allow to stand 5 minutes and 
measure the absorbance in 1-cm. cells at 416 mp, using H 2 S0 4 (6:100) in the 
reference cell. Dilute the blank and measure its absorbance in the same manner. 
Calculate the absorptivity of TiO„ as follows: 

TiO, absorptivity, a = 1*1* 50 , 



2222 RUBBER AND RUBBER PRODUCTS 

where A a = absorbance of the diluted aliquot containing titanium, 

Ab — absorbance of diluted blank aliquot, 

C — volume of aliquot taken, ml , and 
D = mg of T 1 O 2 per ml of original solution 

Nore— The nomenciatuic and abbreviations used are in accoulatice with -\ST\[ d C si „ 
nation E131 61 T 

(2) Obtain data for a calibration cur\e by diluting aliquots of the TiO solution 
and of the blank to 50 ml with HjS 0 4 (6 100), after the addition of 2 ml of H s P0 
and 5 ml of hydrogen peroxide ($%), and measuring the absorbance agaimi H SO 
(6 100) in 1 filter photometer using a filter haung 1 m iximuni transmittance at or 
near 416 m/i Horn these d na construct a calibration curve of mg of TiO, per ml 
of solution against absorbance of the solution minus absorbance of the blank diluted 
m the sime manner Use only absoibmce values between 0 15 and 1 5 
Procedure — \ccurutcly weigh a 50 to bO mg specimen of rubber product into a 

1 to 4 ml platinum crucible If the approximate 1iO_, content is known, adjust 
specimen size to assure an absorbance reading between 0 15 and I 5 Place crucible 
and specimen 111 a cold muffle furnace and heat 10 550°C , continuing heating until 
no carbonaceous material remains Remove crucible from furnace, cool, add 1 5 to 

2 0 g of fused potassium pyrosulfate powder and 2 to 3 drops of H 2 S0 4 to die 
islied specimen and to a blank ciucible He it gently until the pyrosulfue is 
melted Gradually increase heat until the bottom of the crucible 1 $ dull red and 
continue heitmg for 10 to 15 minutes Any residue at tins paint is silica or cbv 
Cool crucible while carefully rolling the melt around the inside of the ciuubli 
Place crucible and contents in a 50 ml beaker cover with H 2 S0 4 (6 100) cos a 
the beaker with a watch gl iss and boil the mixttne slowly until dissolution is com 
plete except for day 01 sihci Remove the heat and remove the crucible fiom 
the beaker with a glass rod washing with H_,i»0 4 (b 100) Filter through papci or 
a filter crucible if solution is not perfectly cleai and quantitatively transfer solution 
to a 50 ml volumetric flask using H_>S0 4 (6 100) lor rinsing beaker and filter 
Add 2 ml HjP 0 4 and 5 ml hydrogen peroxide (3%) to the flask and dilute to 
volume with H_S0 4 (6 100) Mix and allow fl isk to stand for 5 minutes Measure 
the absorbance of the unknown solution and the blank at 416 m/t using H 2 S0 4 
(G 100) in the reference cell of the spectrophotometer or filter photometer If the 
absorbance is greater than 1 500, idd 2 ml of hydrogen peroxide (3%) to an aliquot 
of the solution and dilute to a known volume with H 2 S0 4 (C 100) Measure ab- 
sorbance at 4 1 G mu If Uxe absorbance ts les* than. <1 150 a larger specimen shall 
be used for the determination 

Calculations.— Calculate the percentage of TiOj in the specimen as in (I) if 3 
spectrophotometer w .is used for measuring absorbance and as in (2) if a filter pho- 
tometer was used for absorbance measurements 

/.x . , (/Is - Ab) X 100 

(lj 1 itanium dioxide, pei cent = — • 

at 

where A? = absorbance of specimen solution, 

An — absorbance of blank solution, 
a — absorptmtv ofTiOi, and 

E = mg. of specimen per ml of solution on which As is measured 
(2) Calculate A g minus A B From the calibration curve determine the mg 
Ti0 2 per ml of solution 
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mg. of TiC >2 per ml. of solution X 100 
Titanium dioxide, per cent = -i : : pri j : 

1 mg. of specimen per ml. oi the same solution 

Reproducibility.— Duplicate results by one operator should check within 0.6%, 
based on the weight of the specimen. 

FREE CARBON 

Procedure.— Extract a 0.5-g. specimen with acetone-chloroform mixture according 
to Total Extract Method, page 2205. 

Transfer the specimen to a 250-ml. beaker and heat on the steam bath until it 
no longer smells of chloroform. Add a few ml. of HNO a and allow to stand for 
about 10 minutes. Add 50 ml. more of HN0 3 , taking care to wash down the sides 
of the beaker, and heat on the steam bath for at least 1 hour. At the end of this 
time there should be no more bubbles or foam on the surface. Pour the liquid, 
while hot, into a Gooch crucible, taking care to keep as much as possible of the 
insoluble material in the beaker. Filter slowly with gentle suction and wash well 
by decantation with hot HNO.,. (Caution— Empty the filter fla§k.) Wash with 
acetone and a mixture of equal parts of acetone and chloroform until the filtrate 
is colorless. Digest the insoluble material, which has been carefully retained in 
the beaker, for 30 minutes on the steam bath with 35 ml. of NaOH solution (300 g. 
per 1.). This treatment with alkali' may be omitted if silicates are absent. Dilute 
to 60 ml. with hot water and heat on the steam bath. Filter the solution of alkali 
and wash well with hot NaOH solution (175 g. per 1.). 

Note.— The filtration may be materially aided, particularly with some synthetic rubber 
products, by partial or complete neutralization of the HNO 3 solution with NH 4 OH. 
Partial neutralization together with the addition of trivalent cations or anions may also 
aid agglomeration of the carbon black particles if they arc too well dispersed to filter. 

Wash the residue about four times with hot HC1. Neutralize the last washing 
with NH 4 OH and test for the presence of lead with Na 2 Cr0 4 solution. If lead is 
present, continue to wash with hot HC1 and, finally, wash with warm HC1 (1:7). 
Remove the crucible from the funnel, taking care that the outside is perfectly 
dean, dry it in an air bath for 1% hours at 110°C., cool, and weigh; call this weight 
a. Burn oil the carbon at a dull red heat and reweigh; call this weight b. The dif- 
ference in weight represents approximately 105% of the carbon originally present 
in the form of lampblack or gas black. 

Calculation.— Calculate the percentage of free carbon as follows: 


Free carbon, per cent — 


a — b 

1 .05 X wt. of sample 


X 100 


GLUE DETERMINATION 


The glue content may be determined on an acetone extracted sample by the 
procedure given for Protein Content, page 2163, using a factor of 6.5 for converting 
the per cent nitrogen to per cent glue. This figure is then substituted in the for- 
mula for calculating rubber hydrocarbon when natural rubber is involved and the 
rubber, as compounded, is calculated from this value. The corrected glue content 
is calculated as follows: 


Glue, corrected, per cent = total nitrogen as glue, per cent 

— (rubber as compounded X 0.004 X 6.5) 
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Note— This calculation assumes that the rubber as compounded contains 04 < ‘* protein 
muogen 0 

C LLLULOSE DETERMI\ATIOA (ASTM Designation D297 59T) » 
Procedure — Extnct a 0 5g specimen with acetone chloroform mixture and place 
m a 2o0ml lipped assay flask with 2o ml of rubber solvent oil Place in an nr 
bath at loO to 16 d®C until small particles can be *een distinctly in the supernatait 
hquul which requires about 3 hours Dilute with 15 ml of benzene and 200 m! 
of petroleum ether Filter through a Gooch crucible and wash the residue thor 
oughl) with warm acetone Treat repeatedly with hot HC1 (1 3) until the residue 
is free of acid soluble fillers Wash the pad well with boding water and run small 
portions of acetone through it until the filtrate is colorless Wish with alcohol 
md dry at Kb'C to constant weight Remove the pad from the crucible with 
the help of a pair of sharp pointed tweezers using the under portion of the pi 1 
as a sw ib to clean the sides of the crucible and place all of this material in a tared 
weighing bottle Replace in the drying oven for about 10 minutes cool anl 
weigh Weight of weighing bottle pad insoluble fillers and cellulose minus wci 0 ! t 
of the weighing bottle equals weight of pad insoluble fillers and cellulose 
Transfer the contents of the weighing bottle to a 50 ml beaker and pour over 
it 15 ml of acetic anhydride and 0 5 ml of H SO., Digest the mixture on a steun 
bath for 1 hour {The time and temperature of the digestion are important) Alter 
the mixture has cooled thoroughly dilute with 25 ml of acetic acid (90%) and filter 
through a weighed Gooch crucible To guard against traces of the material ben g 

1 irried through tins filtration as well as the ones to follow shall be very slow and 
only gentle suction shall be used Wash with hot acetic acid (90%) until the 
filtiate comes through absolutely colorless and then wash about four times more 
Wash with acetone about five times After having taken care that all of tie 
material has been washed out of the beaker in which the acetylation took place 
remove the crucible from the funnel clean the outside thoroughly and dry for 

2 hours at 150°C Cool and weigh The original weight of the crucible plus 
weight of pad fillers and cellulose minus the weight of the crucible after acetyl i 
lion equals cellulose 

Calculation —Calculate the percentage of cellulose as follows 


Cellulose per cent = 


cellulose 
wt of specimen 


X 100 


Note —T his method is ven poor at best but is the only method available at this tin* 
The results obtained b\ this procedure should be very carefulh evaluated in terms ol tie 
operate i s experience 


1DE\ TiriCATJOA Or ACCELERATORS AND A A TlOXID-i\TS 
It should be made clear at the outset of this section that there is no standard 
method for the identification of the chemicals used in rubber compounds for the 
acceleration of the vulcanization process or for the agents used in rubber to protect 
against thermal or oxidative degradation It is quite probable that there will 
be a generally useful method that does not require revision at least once a yuf 
because of the constantly changing group of chemicals used as vulcanization 
orators and as antioxidants It should also be made clear that it is seldom po«i 
to actually identify the accelerators used in a vulcanized rubber compound as *1* 
cific individual compounds because the acceleration mechanism usually changes 
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chemical composition of the accelerators. To illustrate this point, it is usually not 
possible to tell whether a thiuram disulfide or a dithiocarbamate was originally 
present because the residues remaining after cure are either dithiocarbamates or 
the amines formed by decomposition. 2-Mercaptobenzothiazole can be detected 
readily in a rubber compound, but it would be very difficult to determine whether 
it was originally added as such or as one of the many derivatives of this compound 
currently in use. However, it is still possible to obtain an idea of the type o.'' 
curing system used and to identify many of the fragments remaining after vul- 
canization. The antioxidants and the antiozonants can also be separated from a 
rubber compound and be identified or at least classified as to type. Again, the 
influx of new commercial products makes this task more difficult, particularly since 
many of the materials used ate complex mixtures and many of them differ only 
slightly from each other in composition or in chemical reactivity. The complexity 
of the problem has led to a large number of publications on the subject. Some 
of these are limited to the detection of one or two components in simple rubber 
compounds or in crude rubber. The ideal techniques for this detection are infra- 
red and ultraviolet spectrophotometry applied to the isolated chemical. There are 
several papers devoted to the separation of relatively complex mixtures of these 
chemicals extracted from a rubber compound. The methods make use of the only 
technique that has any chance of solving this problem, chromatography. Unfortu- 
nately, the application of this method has been made more difficult by the use in 
modern ptactice of large quantities of oils and softeners in the rubber compounds. 
These materials often accompany the accelerators and antioxidants during develop- 
ment of the chromatogram and render color spotting more difficult. 

For these reasons, no single method is given in this chapter as a standard method, 
but a digest of three of the more promising methods in use today is given, with 
some remarks on their application. 

1. Accelerator Identification Scheme.— The paper by Kress and Mees 20 describes 
an analysis scheme for accelerators only, based on acid and base extractions of the 
rubber sample followed by selective solvent extraction to isolate the accelerators 
and accelerator residues. The accelerators are then identified by their ultraviolet 
absorption spectra. Other tests can also be applied. Softeners do not interfere 
and some materials can be separated and identified better than with the other 
methods discussed here. A few of the accelerator fragments cannot be distin- 
guished, but the type of accelerator can be established. 

2. Column Chromatography, Accelerators and Antioxidants.— While more than 
one method has been pioposed for separation and identification of these materials 
by column chromatography, the papers by Parker and Berriman 30 appear to have 
the most merit. Extracts of the rubber are dissolved in methylene chloride and 
placed on a silica gel/Celite column. Seven sets of developing solvents are used 
to produce zone separation on the columns. The columns are extruded from the 
tube and streaked with different reagents in order to produce colors characteristic 
of the matciials present. Both the position on the column and the colors are 
characteristic of the chemicals. Stearic acid and some processing oils interfere 
or change the position of the zones on the column. In spite of its disadvantages 

- u K. F.. Kicss and F. G. S. Mces, Anal. Chcm., 27, 528 (1955). 

C. A. I’aikcr and J. M. Bcniman, Rubber Chem. and Technol., 26, 149 (1953); Ibid., 
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the method is useful both for preliminary work and in many cases for final idenn 
fi cation 

3. Paper Chromatography, Accelerators and Antioxidants.— Paper chromatogra 
phy is probably the most rapid method, and it is most likely to give separation 
of the largest number of materials Zijp 31 has covered this method quite thor 
oughly m his papers The rubber extract is divided into several portions and eadi 
portion is evaporated HCl, NH,OH, and ethanol extracts are obtained from the 
original acetone extract and smalt portions of these are spotted on nine different 
papers, some of which are plain paper and others acetylated cellulose The chro 
matograms are developed with a specific mobile phase, the papers are sprayed with 
suitable reagents, and the color and K f values of the resulting color spots are noted 
T he method can be speeded up, with some loss of resolution, by employing hori 
zoutal circular paper m a covered Petri dish Tins method is also subject to some 
of the disadvantages of Method 1 because the acid extract decomposes some accel 
erator fragments still further It is rarely possible to detect the original accelerator 
itself, especially the thiuram disulfides the dithiocarbamates and the 2mercapto 
benzothiazole derivatives Since this scheme identifies individual primary and sec 
ondary amines, there is a compensating adv intage m that fragments mav be 
detected when the original compound is completelv altered during vulcanuation 
Thus the method is particularlv uselul m identifying the various Is alkyl or N 
dialkyl 2 benzothiazolylsulfeinmides which are used as commercial accelerators 

Method 3 is capable of separating most of the common accelerators or their 
fragments the amine type antioxidants and many of the phenolic antioxidants 
No provision has been made for some of the p phenylencdiamine derivatives 
classed as antiozonants but it should be possible to fit them into the scheme 
Processing oils tend to interfere in some cases by spreading the spots on the paper 
or by masking colors Wake also describes this method in some detail as well 
as the column chromatography method 

Thus it appears possible to use one or more of these methods to obtain a quite 
complete analysis of the curing and antioxidant system in any rubber compound 
It is obvious however, that a great deal of work will be necessary before any ol 
these methods can be considered as standard methods 

31 J W H Zijp Rubber Chera and Technol , 30, 705 (1957) 
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Procedures for the analysis of all silicates would include methods for most of 
the known elements. Obviously, space will not permit an attempt to give such 
procedures here. The procedures given have been selected as representative and 
should satisfy the majority ot commercial silicate analysis needs. Methods for the 
less important and less widely encountered elements are not given. The applica- 
bility of these procedures to a given sample without modification will usually 
depend upon the elements piesent other than those indicated. An attempt has 
been made to list interlering elements which are likely to occur in the samples 
under consideration. In general, a good qualitative analysis is very valuable when 
decisions must be made concerning the applicability of a particular procedure to a 
sample similar to those chosen here. 

SAMPLING 

Most commercially available glasses are relatively homogeneous and sampling 
them presents no particular problem. Usually, a good-sized piece of the glass to 
be analyzed is crushed (provide protection for the eyes from any flying chips) and 
ground in an agate mortar. 

Proper sampling of the heterogeneous materials for which analysis procedures 
ate ghen for the analysis of Silicate Rocks and Ferrous Slags is a more complicated 
task. Directions for the sampling of solid materials are given in another chapter 
of this book and will not be repeated here. It will be assumed that the sample 
referred to in the following procedures is representative of the bulk material from 
which it was taken. 

The sample should be ground to a suitable particle size before it is treated as 
directed in the procedures. The phrase “ground sample” is used here to designate 
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a sample which has been ground to pass through a 100 mesh sieie Wh 
grinding is needed, the siese mesh through which the sample should pass Til i 
specified Contamination during the grinding process with minor const, wen I 
which analyses are to be made, such as iron and aluminum, ,s particular!. , c 
asoided Steel alumina (Diamomte, sapphire) mullne and porcelain L, 
generally should not be used for grinding glasses for tins reason In oeneT ,!" 
mortar material should be chosen so that tile contamination winch occurs Ha 
grinding is unimportant This usually means that the mortar should comaZ',1! 
the sample only with the major constituents of the sample or with constituents la 
which analyses will not be made ts lor 
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For the purposes of this chapter, silicate glasses are grouped into three composi- 
tion classes, namely: (1) soda-lime glasses, (2) lead glasses, and (3) borate glasses. 
These three groups will encompass a large majority of the commercially available 
glasses. The first class includes window or sheet glass, plate glass and most bottle 
or container glasses. The second class includes fine crystal glasses, some optical 
glasses, some bottle and bulb glasses and radiation shielding glasses. The third 
class includes most fiber glasses and chemical-resistant glass. It will be obvious to 
those familiar with glass compositions that these three classes overlap, and that 
they contain glasses other than those listed. 

THE ANALYSIS OF SODA-LIME GLASSES 

The following procedures are applicable to silicate glasses containing sodium, 
potassium, calcium and/or magnesium as major constituents. In general, they are 
applicable to such glasses containing up to 3% A1,0 3 , 2% BaO, 1% S0 3 , l%Fe.,0 3 , 
0.5% Cl, 0.25% As o 0-, 0.25% Sb 0 0., 0.2% MnO, 0.1% Zr0 2 , 0.1% Ti0 2 , 0 ~l% 
ZnO and 0.05% PbO.’ 

Complete analyses such as may be obtained with the Regular Procedures (pages 
2229-2235) olten are not needed. In such instances, a more rapid partial analysis lot 
selected constituents usually is desired. The Rapid Procedures (pages 2235-2242) are 
designed to meet this need. The analyses for Coloring Elements are separated into 
a separate section because these are usually determined on separate samples, and 
also because they are often the only elements for which analyses are made on a 
given sample. 


REGULAR PROCEDURES 

Reagents Required.— Unless a specific concentration is mentioned here, the usual 
concentrated, reagent-grade materials are meant. Examples are: 28% NH 4 OH, 
38% HC1, 48% HF, 70% HN0 3 , 70% HC10 4 , 85% H 3 P0 4 , H,S0 4 -sp. gr. 1.84. 
Also, sources have been listed for some of the more uncommon materials. Special 
teagents will be listed with each determination. 


DETERMINATION OF SILICON (Si0 2 ) 

Procedure.— Accurately weigh a 1-g. ground sample into a platinum dish. Add 
about 3 g. of sodium caibonate and mix with a small spatula. Push the mixture 
to the center of the dish and cover as evenly as possible with an additional gram 
of sodium carbonate. Cover the dish with a platinum lid and heat slowly over a 
Meker burner, gradually increasing the heat until a clear fusion is obtained. Main- 
tain this temperature for 10 minutes. Cool with the dish covered to avoid loss. 

Add 30 ml. of 1:1 HC1 and heat on a steam bath with the cover slightly dis- 
placed until disintegration is complete. Wash the cover with hot water and remove 
it. Evaporate to dryness on a steam bath. Heat on a hot plate (60-70°C.) until 
the odor of HC1 can no longer be detected (about 1 hour). Add 20 ml. of 1:3 
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HC1, heat for 10 minutes and filter onto a coarse filter paper (eg, B8.A grade 0) 
into a glazed porcelain casserole Scrub the platinum dish and wash the residue 
with hot water until the wash water gives only a faint opalescence with silver nitrate 
solution Place the filter paper and precipitate in an unweighed platinum nu 
able 

Evaporate the filtrate to dryness Continue heating until the odor ol HC1 can 
no longer be detected Add 10 ml of 1 3 HC1, heat for 5-10 minutes to dissolve 
the soluble salts and filter into a 250 ml beaker Scrub the casserole and wash the 
precipitate with hot water until free of chlorides Save the filtrate for the sulfate 
determination Place the filter paper and precipitate in the platinum crucible 
containing the first precipitate Char the filter paper slowly When the precipi 
tate is white place the crucible in a muffle furnace and ignite to a constant weight 
at 1000— I0 j 0 o C Cool in a desiccator and weigh Moisten the SiO» with water, 
add 6 drops of 1 1 H_S0 4 and 10 ml 48% HF Evaporate to dryness and reignue 
for 5 minutes at 1000®C Cool in a desiccator and weigh The loss in weight is 
Si0 2 


Per cent SiO« 


VVt SiOa X 100 
Wt sample 


DFTLRMl\ATtON OF SL LFVR ( TOTAL SO,j) 

Procedure —Add 5 ml of bromine water to the filtrate from the Si0 2 deter 
mutation Boil rapidly until the bromine is volatilized Add several drops ol 
methyl red indicator (0 1% alcoholic solution) Neutralize to the yellow color ol 
the indicator with NH 4 OH, reacidify with concentrated HC1, and add 6-10 drops 
of HC1 in excess Heat to boiling add dropwise 5 ml of 10% barium chloride 
solution and boil for 10 minutes The final volume should be approximately 100 
ml Let stand hi a warm place for 2 hours Filter onto a fine filter paper (eg 
Whatman No 42) containing a small amount of filter pulp Wash with water until 
a test for chlorides gives only a faint opalescence 

Place die precipitate in a weighed platinum crucible and ignite carefully with 
out inflaming the paper Cool and add a drop of 1.1 H 2 S0 4 and a few drops ol 
48% HF Evaporate carefully to dryness and ignite to constant weight in a muffle 
furnace at f)00°C Cool in a desiccator and weigh the residue as BaS0 4 

D Wt BaSOi X 0 3430 X 100 

Pe.? csfflA SO* — — 

Wt sample 

DETERMINATION OF BARIUM (BaO) 

Procedure .— Accurately weigh a 1 g ground sample into a platinum dish Add 
15 ml of HF and 5 nil of HNO s Cover and evaporate to dryness Add 5 nil of 
1 1 H j S 0 4 , warm until fumes of sulfuric acid appear (In laboratories equipped 
to use perchloric acid, treat the glass sample with sever il ml of water, 5 ml ° 
HC10 4 , 15 ml of HF, cover and evaporate to fumes of perchloric acid Remote 
the lid, rinse the lid and sides of the dish with water and evaporate to dryness) 
To the residue in die dish add 2 ml of concentrated HC1 and 20 ml of water an 
warm to dissolve the soluble salts Cool and scrub the lid and dish with a tu 
policeman and transfer the contents to a 250 ml beaker Place a small piece ^ 
filter paper under a glass rod in die beaker to prevent bumping Add 100 ® 0 
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water and heat to boiling. (If the HCI0 4 procedure was used, add 4 ml. of 1:1 
H„S0 4 .) Boil for 10 minutes and let stand in a warm place for 2 hours. 

Filter onto a fine filter paper, containing a small quantity of paper pulp, into 
a 250-ml. beaker. Wash thoroughly with warm water. Save the filtrate for the 
determination of As.,0;;. Transfer the paper and precipitate to a weighed platinum 
crucible and ignite without inflaming. Add 1 drop of 1:1 H 2 S0 4 and 1 ml. of HF 
to the ignited precipitate. Evaporate to dryness at a very low heat. Ignite in a 
muffle furnace at 900°C. for 15 minutes. Cool in a desiccator and weigh the residue 
as BaS0 4 . 


Per cent BaO 


Wt. BaSQ 4 X 0.6570 X 100 
Wt. sample 


DETERMINATION OF ARSENIC (As 2 O s ) 

Reagents. 0.1 N Iodine Standard Solution.— Weigh 12.7 g. of pure iodine into 
a small beaker, add 40 g. of KI (free from iodate) and cover with distilled water. 
Stir occasionally and let stand until dissolved. Filter through a medium-porosity 
glass filtering crucible into a 1-liter volumetric flask. Dilute to volume and store 
in an amber bottle. 

Standardize the iodine solution against primary standard As 2 0 3 as follows: 
Weigh accurately 0.20 g. of dry As 2 0 3 into a 250-ml. Erlenmeyer flask. Dissolve 
in 10 ml. of 1 N NaOH and add cautiously 15 ml. of 1 N H 2 S0 4 . Dilute to 100 ml. 
with water and add slowly 5 g. of sodium bicarbonate and 5 ml. of starch indi- 
cator. Then titrate with the iodine solution to the first permanent blue color. 
Determine a blank on the reagents plus 2. 0-2. 5 g. of KI in a 100-ml. volume and 
deduct this volume from the total iodine consumed. 


„ Wt. As 2 0 3 X 20.22 
ml. I 2 

AS2O5 titer = A'i„ X 0.05746. 

SboOs titer = AY, X 0.08088. 

Starch Indicator.— Weigh 2.5 g. of soluble starch into a beaker and mix with 
25 ml. of cold water. Add 500 ml. of boiling water, boil for 10-15 minutes, cool 
and add 2 ml. of chloroform or a crystal of thymol. 

Procedure .— Evaporate the filtrate from the barium separation to dryness, add 
70 ml. of water and 30 ml. of concentrated HC1 and warm to dissolve the residue. 
Pass in H 2 S at 0 to 10°C. for 30 minutes to precipitate the arsenic. Let stand at 
this temperature for 2 hrs. Filter through a coarse filter paper (e.g., Whatman 
No. 40) containing a small amount of paper pulp and wash with a 30% HC1 
solution saturated with H 2 S. Save the filtrate for the determination of antimony. 
Dissohe the arsenic precipitate with 2-3 ml. of concentrated NH 4 OH into a 250-ml. 
beaker and wash the paper thoroughly with hot water. To this solution, add 5 ml. 
of 3% H..O.,, cover the beaker and boil. Evaporate slowly on a hot plate to a 
volume of 15 ml., cool, add 7 ml. of 1:1 H 2 S0 4 and boil for 15 minutes. Transfer 
the solution to a 300-ml. Erlenmeyer flask which has been marked at levels corre- 
sponding to 40 and 100 ml. Dilute the solution to 100 ml. with hot water. Add 
0.3 g. of KI, boil vigorously and pass a stream of C0 2 through the hot solution. 
When the volume is reduced to 40 ml., add 25 ml. of hot water, another fragment 
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of KI and evaporate again to 40 ml Repeat this operation until the solution 
becomes colorless Dilute at once to 100 ml with cold water and cool quickly to 
slightly below 2Q°C Neutralize most of the H 2 S0 4 by adding carefully 12 to H 
ml of a saturated potassium or sodium carbonate solution Complete the neu 
tralization by adding solid sodium bicarbonate until red litmus in the solution 
turns blue then add 2 g m excess The temperature of the solution should be 
20 25°C Add 5 ml of starch indicator and titrate the arsenic with 0 1 A iodine 
solution to the appearance of a blue color 


Per cent As^Os 


Ml iodine X AsjOg titer X 100 
Wt sample 


DETERMINATION OF ANTI MO S Y (Sb O s ) 

Reagents See Determination of Arsenic 

Procedure —Dilute the filtrate from the arsenic precipitation with watei to make 
the solution approximately 20% HC1 by volume Heat to 80-90°C and pass in a 
rapid stream of H S until the solution is clear and the precipitate is black Let 
stand overnight filter the precipitate onto a coarse filter paper and wash with j 
5% HC1 solution saturated with H S Save the filtrate for the R„0 3 determinat on 
Place the paper containing the antimony sulfide in a 150 ml beaker and add 10 
ml of watei 10 ml of HC1 and 5 g of tartaric acid Macerate the paper and heat 
gently until the precipitate is dissolved Filter onto a coarse filter paper into a 
300 ml Erlenmeyer flash and wash with warm water Boil the filtrate until 1 > 
drogen sulfide is no longer evolved Adjust the pH as follows (1) with a 10% 
solution of sodium hydroxide (red litmus turns blue) (2) with HC1 until just acid 
and (3) add solid sodium bicarbonate until approximately a 2 g excess remains un 
dissolved Adel 5 ml of stirch indicator and titrate immediately with 0 1 A iodine 
solution to the appearance of a blue color 


Per cent SbiOs 


Ml iodine X Sb 2 Ot titer X 100 
Wt sample 


DETLIlMI\ATION OF TOTAL R 2 0 3 (Fe 0 3 A1_0 3 Ti 0 2 MaO) 
Procedure —To the filtrate from the antimony separation add 10 ml of bromine 
water and boil to expel the H and the excess bromine Add several drops of 
0 1% alcoholic methyl red indicator Add NH 4 OH dropwise until the soluton 
becomes a distinct yellow then add 6-10 drops in excess Boil for 1-2 minutes 
Cool slightly and filter through a coarse filter paper that contains a small quantity 
of filter pulp Dissolve the precipitate from the filter paper with 20 ml of hot 1 1 
HCL into the precipitation beaker Wash the paper with hot water Dilute the 
solution to a volume of 50 ml and reprecipitate the R_O a group as before Filter 
through a coarse filter paper into a 250 ml beaker and wash with a hot 2% amro< j 
mum nitrate solution until silver nitrate gives only a faint opalescence m the 
trate If desired this filtrate can be us°d for the determination of calcium e 
ginning with the fourth paragraph of the Regular Procedure for Calcium 
the paper and precipitate in a weighed platinum crucible Ignite gently unti ^ 
carbon has been removed then ignite to a constant weight m a muffle furnace a 
1000°C Cool in a desiccator and weigh as total R„0 3 


Per cent R 2 0 3 


Wt R 2 Q 3 X 100 


Wt sample 
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DETERMINATION OF CALCIUM (CaO) 

Reagent. Potassium Permanganate Standard Solution, 0.1 N.— Weigh accurately 
3.16 g. of reagent grade KMn0 4 . Dissolve in one liter of distilled water and boil 
for five minutes. Let the solution cool. Filter through a fritted glass filtering 
crucible and store in an amber bottle. 

Standardize the permanganate against primary standard sodium oxalate as fol- 
lows: Weigh 0.200 g. of dried sodium oxalate into a 400-ml. beaker. Add 100 ml. 
of CCL-free hot (80-90°C.) water and 5 ml. of 1:1 H 2 S0 4 . Titrate at once with the 
permanganate solution to the first pink tint that persists for 60 seconds. The tem- 
perature of the solution should not be below 60°C. Determine a blank on the 
water and acid, and subtract this value from the volume of permanganate required 
for the titration. 


A'kMnOi 


Wt. Na 2 C 2 04 X 14.92 
Ml. KMn0 4 


CaO titer = A’KMnOt X 0.02804 

Procedure .— Accurately weigh a 0.5-g. ground sample into a platinum dish. Add 
5 ml. of HN0 3 , 15 ml. of HF and evaporate to dryness. Place a platinum cover 
on the dish, moisten the residue with 2 ml. of 1:1 H 2 S0 4 and heat until fumes of 
H.,S0 4 appear. Remove the cover and expel the remaining H 2 S0 4 at the lowest 
possible temperature. Cool, wash the lid with hot water and add 20 ml. of 1:3 
HC1. Heat gently, stirring with a glass rod, until the soluble residue is in solu- 
tion. (If barium is present, it will form insoluble BaS0 4 which can be removed by 
filtering onto a fine filter paper and washing with water.) Transfer the solution 
to a 150-ml. beaker with a final volume of about 60 ml. 

When arsenic and antimony are present in the sample, transfer the solution to 
a 250-ml. beaker, add 15 ml. of HC1, dilute to about 100 ml. and treat with H 2 S 
gas for 20 minutes. Let stand overnight, filter through a coarse filter paper and 
wash several times with a 10% HC1 solution saturated with H 2 S. Discard the 
precipitate and boil the filtrate to expel the hydrogen sulfide. 

Add 5 ml. of bromine water and boil to volatilize the bromine. Add several 
drops of methyl red indicator. Place a small piece of filter paper under the end 
of a glass rod in the beaker to prevent bumping. Add NH 4 OH dropwise until the 
indicator turns to yellow, then add 4—5 drops in excess. Boil for about one minute 
to coagulate the precipitate. Add a small amount of paper pulp to the beaker, 
cool slightly and filter through a coarse filter paper into a 250-ml. beaker. Wash 
the R 2 0 3 precipitate with hot 2% ammonium chloride solution until the filtrate 
has reached a volume of 120 ml. Discard the precipitate. 

Add 1 : 1 HC1 to the filtrate to obtain the red color of methyl red indicator, heat 
to boiling (prevent bumping) and add 10 ml. of a saturated ammonium oxalate 
solution. Precipitate the calcium by adding NH 4 OH dropwise until a peach color 
of the methyl red indicator is obtained. Boil 5-10 minutes, add 6-10 drops of 
NH 4 OH and keep warm for 30 minutes. Cool and decant the solution through 
a fine filter paper into a 400-ml. beaker. (Start evaporating this first filtrate for the 
magnesium determination.) Place the precipitation beaker under the funnel and 
puncture the filter paper with a pointed glass rod. Dissolve the precipitate by 
washing 10 times with 4 ml. portions of hot 1:3 HC1, followed by the same amount 
of washing with hot water. Discard the filter paper. Reprecipitate the calcium 
as directed previously after adding 5 ml. of a saturated ammonium oxalate solu- 
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lion Filter through a fine filter paper into the 400 ml beaker that contains the 
solution for the determination of MgO Wash the precipitate by decanting 4 3 
times with water that contains 5 drops of NH 4 OH per 500 ml Wash the filter 
paper 5 times Drain the stem of the filter funnel into the filtrate Wash the pre 
cipitate back into the precipitation beaker with hot water Sate the filter paper 
Add 10 ml of 1 1 HjS 0 4 to the beaker to dissolve the CaC 2 0 4 dilute to about 7 a 
ml and heat to boiling Titrate the hot solution with 0 1 A XWnO. to the 
appearance of the first pink color that persists for one minute Place the filter 
paper in the beaker Warm the solution and again titrate to a pink color that 
persists for one minute 


Per cent CaO 


Ml KMnOi X CaO titer X 100 
Wt sample 


DETER \ll\AT10\ OF MAGNESIUM (MgO) 

Reagent 8 Hydroxyqumoline 5% — Dissolve a g of finely powdered 8 hydroxy 
quinoline in 12 ml of glacnl acetic acid and 75 ml of water warm to 60 C and 
stir until solution is complete Filter into an amber bottle and dilute to 100 ml 
with water 

Procedure —Evaporate the combined filtrates from the calcium determmato 
to a \olume of 150 ml Add several drops of 0 1% alcoholic methyl red indicator 
Add NH 4 OH until the solution becomes a distinct yellow then add 5 ml in ex 
cess Add 4 ml of (5%) 8 hydroxyqumoline solution Heat to 60-70 C str and 
continue heating 10-15 minutes Do not boil 

Let stand 4-6 hours (overnight if convenient) and filter on a medium poros tv 
porcelain filter crucible Save the filtrate for the determination of the total alka 
lies Wash about 10 times with hot 1 40 NH 4 OH and dry in an men at 1I0C 
for 2 hours Cool in a desiccator and weigh as Mg(C 9 H 6 NO)o 2H a O 


Per cent MgO 


Wt Mg(C»H6NO)2 2H 2 Q X 0 1155 X 100 
Wt sample 


DETERMIKATlO\ OF TOTAL ALKALIES (Na 2 0 + X O) 
Procedure —Evaporate the filtrate from the MgO determination to about 100 ml 
m a glazed porcelain casserole Cover with an inverted funnel which will fit ju t 
inside the casserole Destroy the ammonium salts with HNO a as follows 
Add 20 ml HNO g heat gently for about 20 minutes cool the solution add an 
other 20 ml portion of HNO s and boil the solution gently to dryness Increase 
the heat slightly to decompose the ammonium salts 
Rinse the funnel into the casserole with a little hot water Evaporate the solu 
tion to 5-10 ml Add 3 drops of methyl red indicator and 1 2 drops of the (a°o) 
8 hydroxyqumoline solution Make the solution just alkaline with 1 1 NH 4 0 
and filter through a coarse filter paper into an unweighed 50 ml platinum d s 
that coat mis 1 drop of 1 I H n S0 4 Place the platinum dish on a steam ba 
and evaporate the filtrate to dryness Cover the dish with a platinum lid “ 
gently to expel moisture and H 2 S0 4 Ignite at dull redness (600°C) unti J 
residue is white Cool and add 1 g of ammonium carbonate Heat at du 
ness until the ammonium carbonate is volatilized and any carbon is des ro) 
Cool in a desiccator and weigh ^ 

Dissolve the contents of the dish with a few ml of hot water and filter t >rou 0 
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a coarse filter paper. The filtrate contains the total alkali sulfates. Wash the 
filter paper with hot water. Char and ignite the paper in the covered dish at dull 
redness until the carbon is destroyed. Cool in a desiccator and weigh. The loss 
in weight is the weight of the combined alkali sulfates. 

T, I rr Wt. alkali sulfates X 100 

Per cent (Na 2 0 + K.>0) = — — 

Wt. sample 

DETERMINATION OF CHLORIDE (Cl) 1 
Procedure .— Accurately weigh a 5-g. ground sample into a platinum dish. Add 
0.1 g. of silver sulfate, 5 ml. of water, 50 ml. of HF and 10-15 ml. HC10 4 . Cover 
and evaporate to incipient fumes of HC10 4 . 

Cool, transfer the solution to a beaker and dilute with 400 ml. of 1:99 HN0 3 . 
Let stand overnight, filter through a fine filter paper and wash with 100 ml. of cold 
1:99 HNOg. Immediately dissolve the silver chloride from the paper with warm 
5:95 NH 4 OH, dilute to 100 ml. with water and make just acid to litmus paper 
with 1:1 HN0 3 . Heat the solution to 70-80°C., and add dropwise a slight excess 
of 1% silver nitrate solution. Heat to boiling and let stand overnight in a dark 
place. Filter through a weighed filtering crucible containing a glass fiber filter 
mat, wash the precipitate several times, first with cold 1:99 HNOg, then with water. 
Dry the crucible and precipitate for 1 hour at 130°C., cool in a desiccator and 
weigh as AgCl. 


Per cent Cl 


Wt. AgCl X 0.2474 X 100 
Wt. sample 


RAPID PROCEDURES 


DETERMINATION OF SILICON (SiO,) 

Reagents. l-Amino-2-Naphthol-4-Sulfonic Acid Reductant Solution.— Dissolve 
separately 10 g. of NaHSO a in 50 ml. of water and 0.80 g. of Na.,S0 3 in 10 ml. ol 
water. Add 0.16 g. of l-amino-2-naphthol-4-sulfonic acid to the latter and mix the 
two solutions. Filter through a coarse filter paper into a 100-ml. volumetric flask 
and dilute to volume. Transfer to a polyethylene bottle and label with the date 
made. The solution retains its power as a reductant for 7-10 days. 

Ammonium Molybdate.— Dissolve 7.5 g. of ammonium molybdate (4H..O) in 
water. Add 18 ml. of 1:1 H 2 S0 4 and dilute to 100 ml. 

Silica-Free NH 4 OH (Specific Gravity 0.90).— Introduce the gas from a cylinder 
of liquid ammonia through plastic tubing into a 1-liter polyethylene bottle that is 
two-thirds full of water and cooled in an ice-bath. For one liter of NH 4 OH, 
specific gravity 0.90, the contents of a 6-ounce lecture bottle are required. 

Silicon Dioxide Standard Solution, (I ml. = 0.01 mg. SiO.,).— Accurately weigh 
0.1000 g. of dried, pure silicon dioxide into a platinum crucible. Mix thoroughly 
with 1 g. of Na 2 C0 3 , cover and fuse the mixture. Cool the melt, dissolve in hot 
water, transfer to a 1-liter volumetric flask and dilute to volume. Store in a poly- 
ethylene bottle. Pipet 50 ml. of this stock solution into a 500-ml. volumetric flask 
and dilute to volume. Store in a polyethylene bottle. 

Preparation of the Standard Curve.— Pipet 2-, 5-, 10-, 20-, 30-, 40-, and 50-ml. 
portions of the Si0 2 standard solution into 100-ml. volumetric flasks. Dilute to 

i Lundcll, G. E. F, and Knowles, H. B„ J. Amer. Ceram. Soc., 10, 829, 1927. 
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about 90 ml and pipet 1 ml of ammonium molybdate solution into each 
mix and record the time Exactly la minutes later pipet 4 ml of Joe* m 
tine acid solution jnto each flask mix and add with a pipet 1 ml of reductant 
solution Record the time Dilute the solutions to a olume and mix Let the 
solutions stand 30 minutes Measure the absorbance of the solutions against j 
reagent blank at 6o0 m/* Plot the absorbance against the mg of SiO 
Procedure —This procedure is designed to eliminate the need for the seco d 
dehydration m the gra\imettic silicon determination Determine the silicon on 
a 1 g sample using a single dehydration as directed in the first mo paragraphs o( 
the Regular Procedure for silicon Dilute the filtrate to 2a0 ml in a volumetric 
flask Unless the determination is made immediately store the solution in a dean 
plastic bottle Pipet 2a ml of the solution into a 100 ml yolumetric flask Pui2> 
ml of water in another 100ml yolumetric flask for a sample blank Place a small 
piece of Congo Red indicator paper in each flask Neutralize the HCI in the 
sample by adding silica free \H,OH dropwise ysilh a plastic dropper countin'' 
the drops Add the same number of drops of silica free \H 4 OH to the blank 
Acidify the blank dropyvise yyith 1 3 HCI Acidify the sample with 1 \ H.S0, 
Carefully neutralize the sample and the blank dropwise ywth 1 4 silica free M4 4 OH 
Shake the flask during this addition because the Congo Red paper changes cola; 
slowly to red (pH 5) upon addition of the last required drop Pipet a measured 
y olume (eg 30 ml) of the SiO standard solution into a 100ml yolumetric flask 
and put about the same volume of yyater in another 100m\ yolumetric flask as a 
blank for this standard Adjust the yolumes of all 4 flasks to about 90 ml 
Pipet 1 ml of ammonium molybdate solution into each flask and mix Record 
the time of each addition Exactly lo minutes after the addition of the ammon um 
mohbdate solution pipet 4 ml of 10% tartaric acid solution into each flask m\ 
and add with a pipet one ml of the reductant solution Record the time Dilute 
to y olume mix and let the solutions stand 30 minutes or a little longer Read the 
absorbance of the solutions against their respectise blanks at 6a0 mu Determine 
the weight of SiO from the standard cur\e If the standard gi\es an unsatisfactory 
result a new reductant solution must be prepared and the determination repeated 
on a second aliquot 


Per cent SiO- 


Ut SiOj X 1000 
1\ t sample 


This % SiO plus that obtained by the single dehydration gray imetnc determina 
non equa'is t'ne tota’i percentage o't SiD 2 


DETERUl\ATIO\ Or CALCIC U A\D MAG\E$IUU (CaO + MgO) 

Reagents Ammonia Ammonium Chloride Buffer— Dissolve 67 a g El ammo- 
nium chloride in 2a0 ml of water Add o70 ml of Ml,OH and dilute to one liter 
with water Store in a polyethylene bottle .. 

Calcium Standard Solution (I ml = 1 mg CaO) —This standard solution shou 
be prepared from the purest calcium carbonate available Dry at 110 C ot 
hours and accurately weigh 17848 g Dissolve in the minimum amount of 
HCI and dilute to one liter with water 

0 0269 1/ EDTA Standard Solution (Ethylenediammetetraacetic Acid Di iu ^j 
Salt) (1 ml = 1.50 mg CaO) —Accurately weigh 10 g of the reagent dissolve an 


"Sales Rosemary J Soc Class Tech 43, 37T ]9o9 
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dilute to one liter with water. Allow to stand overnight and filter into a poly- 
ethylene bottle. Standardize this solution by pipetting accurately 25 ml. of the 
standard calcium solution and 5 ml. of the stock magnesium solution into a beaker, 
add 10 ml. of freshly prepared 30% aqueous triethanolamine solution, 0.2 g. of 
Patton and Reeder indicator and sufficient 5 N sodium hydroxide to obtain a pH 
of 12.5-13 (pHydrion paper). Titrate at once with the EDTA solution to a clear 
blue end point free of violet color. 


A/edta = 


0.0269 X CaO titer 
L50 


CaO Titer = 


Mg. CaO 
Ml. EDTA’ 


MgO Titer = CaO Titer X 0.7190. 

Magnesium Stock Solution.— This solution should be prepared from the purest 
magnesium sulfate-heptahydrate available. Weigh accurately 6.1136 g. Dissolve 
and dilute to 1 liter with water. (Although this solution is not used as a primary 
standard, it should be free of contaminants that form complexes with EDTA.) 

Mixed Indicator. 1. Naphthol Green B — Accurately weigh 0.080 g. 

2. o-Cresolphthalein Complexone .— Accurately weigh 0.050 g. 

3. Enochrome Black T .— Accurately weigh 0.006 g. 

4. Ammonium Chloride — Accurately weigh 20.0 g. Mix the four constituents by 
grinding in a glass or agate mortar. 

Patton and Reeder Indicator. 3 — [2-hydroxyl-l-(2-hyclroxyl-4-sulfo-l-naphthylazo)-3- 
naphthoic acid] (K and K Laboratories, Incorporated, Long Island City, New York.) 
Accurately weigh 0.1 g. of the indicator powder and mix by grinding in a glass or 
agate mortar with 10 g. of Na 2 S0 4 . 

Procedure — Weigh accurately a 1.000-g. ground sample into a platinum dish 
(ideally, an 80-ml. capacity). Add several ml. of water, 15 ml. of HF and 5 ml. of 
HC10 4 . Swirl gently to mix. With the platinum cover slightly displaced, heat at 
medium heat until most of the hydrofluoric acid is evaporated. Remove the 
platinum cover and evaporate to dense fumes of perchloric acid. Cool, rinse the 
lid and sides of the dish with a small quantity of water and evaporate to dryness. 
To the residue in the dish, add 1 ml. of HC1 and 10 ml. of water. Warm to dis- 
solve the salts and cool. Scrub the lid and dish with a rubber policeman and 
transfer the contents to a 250-ml. volumetric flask. Dilute to volume and mix 
thoroughly. Pipet two 100-ml. aliquots into 250-ml. beakers or Erlenmeyer flasks. 

CaO Titration.— To the first aliquot, add 10 ml. of freshly prepared 30% aqueous 
triethanolamine solution, 0.2 g. of the Patton and Reeder indicator and adjust the 
pH to 12.5-13 with 5 A T sodium hydroxide (pHydrion paper). Titrate at once with 
EDTA solution to a clear blue end point, free of violet color. 


Per cent CaO 


Ml. EDTA X CaO titer X 250 
Wt. sample 


CaO Plus MgO Titration.— Add to the second aliquot 10 ml. of 30% triethanol- 
amine solution, adjust to pH 10-11 with ammonia-ammonium chloride buffer solu- 
tion (usually 10-15 ml.) and add 0.2 g. of the mixed indicator. Titrate with EDTA 

a Patton, J., and Reeder, W., Anal. Chem., 28, 1026, 1956. 
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to a clear light green end point Some practice may be required to detect the dis- 
appearance of the gra) undertone color at this end point Subtract the ml of 
EDTA required to titrate the CaO (y ml) from the total ml of EDTA required to 
titrate the CaO plus MgO (2 ml) The difference is the volume of EDTA re 
quired to titrate the MgO 


Per cent MgO 


Ml EDTA (2 — y) X MgO titer X 250 
Wt sample 


Interferences BaO Often there is sufficient sulfate present in the glass to pre- 
cipitate small quitiuties of BaO and the titrations may be performed m die pres- 
ence of the BaS0 4 For amounts of BaO up to 2 0% a separation is recommended 
as follows To the residue remaining from the HF HCK> 4 treatment add 1 ml 
HC1 and 10 ml of water Warm to dissohe the salts and transfer the solution to 
a 2d 0 ml beaheT Add 100 ml of water Heat to boiling and add 3 ml of 1 1 
H S0 4 Boil for 10 minutes and let stand 111 a warm place for 1 hour Filter the 
BaS0 4 through a fine filter paper containing a small quantity of pulp \\ ash 1 uh 
warm water Cool the filtrate transfer to a 2o0 ml volumetric flask and dilute to 
volume with water Pipet two 100 ml aliquots and titrate as directed for CaO 
and CaO + MgO 

\/0 CoO — 0 10 g kCN added to the aliquots aftet the pH adjustmet is are 
mide will present blocking of the indicators by these elements 

MnO —The 10 ml of triethanolamine solution added in the routine procedure 
is sufficient to complex 0 20% MnO 

ZnO —0 12% Z 11 O is masked by 0 20 g kCN added to the aliquots after the pH 
adjustments are made Since kCN can affect the green end point color of the 
mixed indicator do not add more than 020 g 

PbO — 0 0o% PbO will not interfere in these determinations 


I)ETERM1\AT10\ OF ALUM1\U M (A1 0 3 ) 

Reagents EDI A Standard Solution —See page 2236 

0 0269 1/ Copper Standard Solution —Dissohe 6 716j g of the purest available 
CuS0 4 dH O in water and dilute to one liter This reagent should be free of 
contaminants tint form complexes with EDTA Determine the copper equivalent 
as follows Accurately measure 10 ml of EDTA add 10 drops of PA\ indicator 
adjust to pH 4 55 with 30% ammonium acetate buffer and titrate with the Cu 
solution to the first permanent purple end point The color change at the end 
point is very distinct from yellow yellow green through gray to a dear andhn^t 
purple 


Cu equivalent = 


A/ Cu =» 


Ml Cu solution 

Ml EDTA ~~ 

Ml EDTA XM edta 
Ml Cu 


AIjOj titer = A/cu X 0 05098 
Fe 2 0 3 titer = Me* X 0 07985 

0 1% PAN Indicator, [1 (2 pyndylazo) 2 naphthol] —A 01% solution m 
alcohol This indicator must be prepared fresh daily unless its stability has 
established experimentally 
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Procedure.— Treat the sample, dilute to 250 ml. and pipet two 100-ml. aliquots 
into 250-ml. beakers as directed in the first paragraph o£ the Rapid Method for 
calcium and magnesium. 

Add from a buret a measured amount of EDTA solution sufficient to give ap- 
proximately a 50% excess over the amount required to complex the aluminum and 
iron (e.g., 5 ml. of EDTA would be adequate for a sample that contains about 1 % 
A1„0 3 and 0.1% Fe 2 0 3 ). Add 5-10 ml. of 30% ammonium acetate solution (the 
pH should be between 4 and 5.5— check with pHydrion paper). Boil the solution 
vigorously for 2-3 minutes, add 10 drops of PAN indicator and titrate the hot 
solution with the standard copper solution to the first permanent purple color. 4 
The sum of iron and aluminum is titrated. The per cent of iron is determined 
on a separate sample. 

Per cent AI0O3 = 

£(M1. EDTA X Cu equiv.) — ^ml. Cu + — X AI0O3 titer X 250 

Wt. sample 

Interferences. 

Fe 2 O s .— Fe is titrated quantitatively. A correction, based on the amount of iron 
determined to be present, is included in the calculations. 

CuO, MgO, BaO— The quantities normally found in soda-lime glasses do not 
interfere at pH 4-5.5. Should Ba and SO a be present in sufficient quantities to 
form a precipitate of BaS0 4 , it need not be removed from the solution. 

MnO .— Manganese interferes by giving an indistinct end point if present in 
amounts greater than 3 mg. 

XiO, CoO, TiO.i, ZrO.,. CuO , ZnO, CdO, PbO, BiO .—' These cations will interfere 
if present in sufficient quantity to be titrated. 

DETERMINATION OF CHLORIDE (Cl)® 

Apparatus. Potentiometer, such as Rubicon Model No. 2730. 

Silver-Silver Chloride Electrode.— Prepare the electrode by electroplating a plati- 
num electrode in a potassium cyano-argentate solution containing 36 g. of AgNO, 
and 43 g. of KCN per liter. Then anodically coat the electrode with silver chloride 
in a 1% sodium chloride solution. Wash the electrode repeatedly and store in 
distilled water for several days before use. When not in use, die electrode should 
be kept in distilled water. 

Saturated Calomel Electrode.— The 'electrode must be connected to die solution 
through a NaN0 3 -agar gel bridge to prevent contamination by chloride from the 
calomel electrode. 

Procedure — Weigh accurately a 1-g. ground sample>and mix with 5.0 g. of an- 
hydrous Na 2 CO a in a platinum crucible. Cover the crucible, fuse die mixture, cool 
and transfer the melt to a 100-ml. beaker. Coyer. the beaker with a watch glass 
and add 10 ml. of 1:1 HNO s . Rinse the crucible with 2 ml. of 1:1 HNO s into 
the beaker. Place a magnetic stirring bar in the beaker and stir the mixture with 
a magnetic stirrer until the melt has disintegrated. A large amount of silica will 
be suspended in the solution. Rinse the watch glass into the beaker and dilute 
the sample to about 50 ml. 

4 Cheng, K. L., and Waimuth, F. J., Chemist Anahst, 48, 74, 1959. 

& Kolthoff, I. M„ and Kuroda, P. K., Anal. Chem., 23, 1304, 1951. 
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Connect the silver silver chloride electrode to the positive terminal and thesatu 
rated calomel electrode to the negative terminal of the potentiometer pj ace tht 
electrodes m the solution and adjust the magnetic stirrer so that the solution » 
stirred as vigorously as possible without splashing Add 0 003 M AgN0 3 doth 
from a 10 ml buret while continuously checking the potential of the electrode pa! 
with the potentiometer Since the potential vs volume curve undergoes only j 
slight inflection the end point is indicated when the potential reaches a predeier 
mined value which will vary with the particular electrodes used This value « 
determined by preparing a solution to duplicate a titrated solution (add equivalent 
amounts of standard solutions of silver and chloride) and measuring the potential 
using the prepared electrodes (eg a set of electrodes prepared in our laboratory 
gave a potential of 0 2744 volts) Since the reagents used are likely to contain 
traces of chloride a blank should be run using the same procedure Subtract this 
volume from the total volume of silver nitrate used in the titration The volume 
used for the titration of the blank should be considerably smaller than that used 
for the titration of the sample 


Per cent Cl — 


Ml AgNOa X 0 003 X 0 0355 X 100 
Wt sample 


DETERMINATION OF SODIUM (Na a O) 

Reagent Magnesium Uranyl Acetate— Prepare the following solutions 
Solution 1 Uranyl acetate (2H 2 0) 90 g glacial acetic acid 60 g dilute to 1 
liter with water 

Solution 2 Magnesium acetate (4H 2 0) 600 g glacial acetic acid 60 g dilute 
to 1 liter with water 

Heat each solution separately to about 70'C until all the salts are dissolved 
Mix the two solutions at this temperature cool to 20 ± l a C hold at this tempera 
ture for at least 1 hour then filter through a dry medium porosity porcelain filter 
ing crucible into a dry bottle This solution is stable if kept away from direct 
sunlight If it is cooled below 20'C at any time, it must be re filtered 

Procedure —Accurately weigh a 0 1 g ground sample into a platinum crucible 
Add 1 ml of 1 1 H SO^ 5 ml of HF cover and evaporate to dryness Remove 
the cover and expel the sulfuric acid completely Add 1 ml of 1 1 HCI and 10 mb 
of water warm to dissolve the salts and transfer to a 250 ml beaker (If insoluble 
barium sulfate is present filter onto a fine filter paper and wash with water) 
Evaporate to a volume of 5 ml and add one ml of the magnesium uranyl acetate 
solution per mg of hi present Cool the solution in a water bath maintained at 
20 ± 1°C and stir vigorously for 30 to 60 minutes Filter through a medium 
porosity glass filtering crucible Scrub the beaker carefully and wash the precipi 
tate v\ tth four to six 5 ml portions of 95% ethyl alcohol that has been freshly 
saturated at 20“C with the triple acetate salt Dry at I05°C for 30 minutes cool 
in a desiccator and weigh as NaMgfUO^CHgOnJg 6}£H _0 

Per cent Na«0 = Wt NaMg(UQ,) a (C»H,0,), 6*H«0 X 0 02058 X 100 
Wt sample 

DETERMINATION OF POTASSIUM (KoO) 

Procedure —Accurately weigh a 05g ground sample into a platinum dish D' 5 * 
solve the sample and remove the Ba As Sb and R 3 0 3 group as directed in tie 
fit st three pangriphs of the Regular Pioceduie for calcium 
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Acidify the filtrate from the R 2 0 3 group with 1 : 1 HC1, heat to boiling and add 
10 ml. of a saturated solution of ammonium oxalate. Precipitate the calcium by 
adding NH 4 OH dropwise until the solution turns yellow. Boil 5-10 minutes, let 
cool and add sufficient NH 4 OH to make the solution 5% by volume. Add 4 ml. 
of a 5% 8-hydroxyquinoline solution. Heat to 60-70°C., stir and continue heating 
for 10-15 minutes. Do not boil. Let stand in a cold water bath for at least one 
hour. Filter the combined calcium and magnesium precipitate through a fine 
filter paper. Wash the precipitate about 10 times with 1:40 NH 4 OH. Discard 
the precipitate and transfer the filtrate to a glazed porcelain casserole. Separate 
the alkali sulfates as directed in the Regular Procedure for total alkalies. 

Filter the water solution of the alkali sulfates into a small porcelain evaporating 
dish, add 5 ml. of HC1 and sufficient 10% chloroplatinic acid solution to react 
with the potassium. Dilute the solution with enough water to dissolve any pre- 
cipitate completely upon heating. Evaporate on a steam bath until the solution 
is syrupy but solidifies on cooling. Do not evaporate to dryness. Add 20 ml. of 
80% ethyl alcohol. Decant through a coarse filter paper and wash by decantation 
with 80% ethyl alcohol, crushing the crystals with a small glass rod. Wash by de- 
cantation until the filtrate becomes colorless. The volume of the filtrate should 
not exceed 50-75 ml. The residue should be golden yellow. It is not necessary 
to transfer the precipitate to the filter paper. Dry the dish and filter paper for 
a few minutes to remove the adhering alcohol. Dissolve the precipitate on the 
filter paper and that remaining in the dish with hot water. Transfer to a 150-ml. 
beaker, dilute to about 75 ml., add 1 ml. of HC1 and 0.5 g. of magnesium ribbon 
for each 0.2 g. of potassium present. When the effervescence ceases, add 5 ml. of 
HC1. After the magnesium ribbon has dissolved, boil the solution for 5 minutes. 
Cool, filter through a medium filter paper and wash with hot water until free from 
chlorides. Place the paper and precipitate in a weighed platinum crucible. Heat 
until the carbon is destroyed and then ignite to constant weight in a muffle furnace 
at 900°C. Cool in a desiccator and weigh as metallic Pt. 


Per cent KoO 


Wt. Pt X 0.4825 X 100 
Wt. sample 


DETERMINATION OF SULFUR ( TOTAL S0 3 ) 

Apparatus— High frequency induction apparatus for combustion analyses, such 
as used for the determination of sulfur in steel. 

Reagent. Potassium Iodate Standard Solution, (1 ml. = 0.1 mg. S).— Accurately 
weigh 0.2069 g. of K10 3 , dissolve and dilute to exactly 1 liter with water. This 
solution does not require further standardization. 

Procedure .— Accurately weigh a 0.25-g. ground sample into a zirconia cupelet. 
Mix thoroughly with 1 g. of Plast-iron then cover evenly with 0.5 g. of granular 
tin. Cover the cupelet with a zirconia sulfur cap and place the sample in the 
apparatus. Operate the equipment for the combustion of the sample as directed 
in the manufacturer’s instructions. Upon combustion of the sample (usually 2.5 
to 3 minutes), S0 2 gas is absorbed and titrated with KI0 3 . The determination 
of a blank on the apparatus and reagents is very important. 

D „ c „ Ml. KIOs X S titer X 2.497 X 100 


Wt. sample 
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COLORING ELEMENTS 

Only absorption photometric methods are given n this section because they 
generally the best methods for the low concentrations of these elements normally 
encountered Iron may occur in larger concentrations in highly colored glasses 
and then the procedure gi\en for total iron m the section Analysis of Clays and 
Feldspars (page 2262) cm be used There are many photometers and spectro- 
photometers of virying degrees of complexity and with a wide range of pnces 
available for this type of determination For this reason no specific directions are 
given for operation of the instrument in the following procedures The manufac 
turers directions for operation of their specific instruments should be used Anv 
colored solution which is to be measured in a photometer should be exam ned 
carefully for turbidity or the presence of an unusual color hue before the measure 
ment is made because interferences frequently can be detected in this way 

DETFRM1\AT10\ OF CHROMIUM (Cr O a ) 

Reagents Required Chromium Standard Solution (1ml = 0 020 mg Cr 2 0 3 ) - 
Accurately weigh 0 0387 g of dry primary standard h. 2 Cr 2 0- Dissolve and d lute 
to exactly one liter with wdter 

Diphenylcarbazide —Dissolve 0 0500 g of diphenylcarbazide and 0 80 g of 
phtlnhc anhydride in 100 ml of ethyl alcohol This solution should be prepared 
the same day that U is used 

Preparation of the Standard Curve — Pipet 1 2 3 4 and 5 ml portions of the 
standard chromium solution into 2o0ml volumetric flasks Dilute partially wth 
water and add 10 ml of 1 1 HjSO^ plus 10 ml of diphenylcarbazide solution Let 
stand a minutes and measure the absorbance of the solution at 540 mu against a 
reagent blank Plot the absorbance against the mg of Cr n 0 3 

Procedure — Accurately weigh a ground sample of such size that it will contain 
no more than 0 1 mg of Cr 0 3 into a small platinum dish Add 5 ml of H\0 } 
and 15 ml Hf and evaporate carefully to dryness Add 10 ml of 1 I H S0 A 
evaporate to strong fumes of sulfuric acid cool and add 20 ml of water Warm 
until the soluble salts are in solution and transfer to a beaker Filter onto a fine 
filter paper if BaS0 4 is present and wash with hot water Heat to boiling and add 
2 ml of 1% AgN0 3 solution and 10 ml of a freshly prepared 15% ammonium per 
sulfate solution If traces of Wn are present add one drop of 1 1 HC1 Bod la 
minutes to decompose the excess persulfate Cool and filter into a 250 ml volu 
metric flask Dilute partially with water add 10 ml of diphenylcarbazide solution 

'L'htfA. ta ks.'i 'ifcJrtA'ism ^ rtratuctA atf/t tstati •h/t absorbance 

at 540 m/i against a reagent blank Determine the weight of Cr->0 3 from the 
standard curve 


Per cent Cr-)0 3 


Wt CrgOa X 100 
Wt sample 


DETERMINATION OF COBALT-(CoO) 

Reagents Required Cobalt Standard Solution, (I ml 0 01 mg CoO)— Accu 
rately weigh 0 3750 g of high purity CoS0 4 7H s O dissolve and dilute to one Wet 
with water Pipet 100 ml of this solution into a 1 liter volumetric flask and di ule 
to the mark to obtain the standard solution , 

TvitrosoR Salt— Dissolve 050 g of nurosoR salt in water and dilute to 100® 
Keep in the dark, as the solution slowly decomposes in the daylight 
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Sulfuric-Phosphoric Acid Mixture.— Prepare 500 ml. of a water solution that 
contains 75 ml. of H 2 S0 4 and 75 ml. of H 3 P0 4 . 

Preparation of the Standard Curve.— Pipet 2-, 4-, 6-, 8-, and 10-ml. portions of 
the standard cobalt solution into 150-ml. beakers. Add 6 ml. of 1:1 HC1, 20 ml. 
of hot water, 2 ml. of 1:1 HN0 3 , 2.5 ml. of the sulfuric-phosphoric acid mixture 
and boil for 5 minutes. Add 35 ml. of 4 M sodium acetate solution (the pH should 
be 5.5-6. 5) and 2 ml. of the nitroso-R-salt solution. Boil for exactly one minute, 
add 10 ml. of HNO a and boil again for at least one but not more than two min- 
utes. Cool rapidly and transfer the solutions to 100-ml. volumetric flasks. Dilute 
to volume with water and read the absorbance at 500 m y. against a reagent blank. 
Plot the absorbance against the mg. of CoO. 

Procedure.— Accurately weigh a ground sample which will contain no more than 
0.1 mg. of CoO into a small platinum dish. Add 1 ml. of 1:1 H 2 S0 4 , 15 ml. of 
HF and evaporate to dryness. Add 6 ml. of 1:1 HC1, 20 ml. of hot tvater and heat 
until the soluble salts are dissolved. Filter if BaS0 4 is present. Transfer the solu- 
tion to a 150-ml. beaker, add 2 ml. of 1:1 HNO s , 2.5 ml. of the phosphoric-sulfuric 
acid mixture and boil for 5 minutes. Add 35 ml. of 4 M sodium acetate solution 
(the pH of the solution should be 5.5-6.S) and 2 ml. of the nitroso-R-salt solution. 
Boil for exactly one minute, add 10 ml. of HNO s , and boil again for at least one 
but not more than two minutes. This decomposes the nitroso-R-salt complexes 
of copper and nickel. Cool rapidly and transfer to a 100-ml. volumetric flask. 
Dilute to volume with water. If the solution is turbid, filter through two sheets 
of fine filter paper. Read the absorbance at 500 m/j. against a reagent blank. 
Determine the weight of CoO from the standard curve. 


Per cent CoO 


Wt. CoO X 100 
Wt. sample 


DETERMINATION OF COPPER- CuO 
Reagents Required. Copper Standard Solution, (1 ml. = 0.01 mg. CuO).— Accu- 
rately weigh 3.1392 g. of the purest CuS0 4 -5H 2 0 available. Dissolve in water and 
dilute to one liter. Pipet 10 ml. of this solution and dilute to exactly one liter 
with water to obtain the standard solution. 

Cuprizone.— (Bis-cyclohexanone oxalydihydrazone) (G. Frederick Smith Chemical 
Co., Columbus, Ohio). Dissolve 0.100 g. of cuprizone in 20 ml. of hot ethyl alcohol. 

Preparation of the Standard Curve.— Pipet 2-, 4-, 6-, 8-, and 10-ml. portions of 
the standard solution into 150-ml. beakers. Add 1 ml. of 1:1 H,S0 4 . Adjust the 
solution to pH 7 with 1:1 NH 4 OH (pHydrion paper) and add 2 ml. of a 10% 
solution of citric acid. Adjust the pH to 8.5 ± 0.2 pH units (use a pH meter) with 
6 N NaOH. Add 1 ml. of cuprizone solution and dilute to exactly 100 ml. with 
water. Measure the absorbance of the solution at 606 upt against a reagent blank. 
Plot the absorbance of the solution against the mg. of CuO. 

Procedure.— Accurately weigh a ground sample of such size that it will contain 
no more than 0.1 mg. of CuO into a small platinum dish. Add 5 ml. of HNO a , 
15 ml. of HF and evaporate carefully to dryness. Add 10 ml. of 1:1 H.,S0 4 and 
evaporate to heavy fumes. Cool and add 25 ml. of water. Warm slightly and 
transfer to a 150-ml. beaker. Dilute to approximately 100 ml. and heat until the 
soluble salts are dissolved. Pass in a current of hydrogen sulfide as the solution 
cools. Discontinue the flow of gas and filter through a fine filter paper that con- 
tains a small quantity of pulp, keeping the paper wet. Wash with a 1% sulfuric 
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acid solution saturated with hydrogen sulfide and discard the filtrate Dissolve 
the precipitate at once from the paper ruth 5 ml of I 1 HN0 3 into a 100 ml 
beaker Wash the paper twice with small amounts of hot water Add I ml of | ) 
H«SG 4 and etaporate to dryness Dissolve the residue with l ml of n HSO 
and 2 a ml of warm water Cool and neutralize the solution with 1 1 OH 
to a pH of 7 (pH)drion paper) Add 2 ml of a 10% solution of citric acid Ad 
just the pH to 8 5 ± 0 2 pH units (use a pH meter) with 6 A r NaOH Add I ml o( 
cupnzone solution transfer to a 100ml volumetric flask and dilute to volume 
Read the absorbance of the solution at 606 niju against a reagent blank Deter 
mine the weight of CuO from the standard curse 


Per cent CuO 


VVt CuO X 100 
Wt sample 


DETERMINATION OF TOTAL IRO\-Fe0 3 
Reagents Required lion Standard Solution, (1 ml =0 01 mg Fe O a ) -Acre 
rately weigh 0 6994 g of primary standard electrolytic iron (Standard Sample Co 
Ames Iowa) Warm in the minimum amount of 1 1 HC1 until dissolved and 
dilute with water to exactly one liter Pipet 10 ml of tins stock solution add 2 ml 
of HC1 and dilute to one liter with water to obtain the standard solution 

o Phenanthroline — Dissohe 05 g of o phenanthrolme in 2a ml of ethyl alcohol 
and 7a ml of water 

Preparation of the Standard Curve —Pipet 25, aO 75 and 100 ml portions ol 
the non standard solution into 250 ml volumetnc flasks Add 4 ml of 1 l HCI 
3 ml of 10% hydroxylamine hydrochloride solution 2a ml of 2 1/ sodium acetate 
solution 3 ml of o phenanthrolme solution and dilute to volume with water 
Measure the absorbance of the solution at 510 m>i against a reagent blank PI t 
the absorbance against the mg of Fe 2 0 3 
Procedure —Accurately weigh a ground sample which will contain no wort 
than one mg of Fe 2 0 3 into a small platinum dish Add one ml of 1 1 H 2 S0 4 and 
15 ml of HF and evaporate to dryness Cool and add 5 ml of 1 1 HCI and 20 ml 
of hot water (Zinc interferes If it is present separate the R_O a group as directed 
m the third paragraph of the Regular Procedure for calcium except save the 
precipitate Place the paper and precipitate m the precipitation beaker add 
5 ml of 1 1 HCI macerate the paper and warm to dissolve the precipitate Filter 
onto a coarse filter paper wash 5 times with hot water cool the filtrate and irans 
fer to a 2a0 ml volumetric flask) Warm until the soluble salts are m solution and 
transfer to a 250 ml volumetric flask filtering if BaS0 4 is present 

Dilute partially with water add 3 ml of 10% hydroxylamme hydrochloride 2 j 
ml of 2 Af sodium acetate buffer, 3 ml of o phenanthrolme solution and dilute to 
volume with water Measure the absorbance of the solution at 510 nv against 
a reagent blank Determine the weight of Fe 2 O a from the standard curve 


Per cent FejOj 


Wt Fej0 3 X 100 

Wt sample 


DETERMINATION OF MANGANESE— MnO 
Reagents Required Manganese Standard Solution, (I ml 0 05 mg 
Accurately weigh 00194 g of electrolytic manganese metal Warm until dissov ^ 
n the minimum amount of 1 1 H\O a bod to remove the oxides of nitrogen coo 
and dilute to exactly 500 ml with water 
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Preparation of the Standard Curve .— Pipet 2-, 5-, 10-, 15-, and 20-ml. portions of 
the manganese standard solution into beakers. Add 10 ml. of 1:1 H 2 S0 4 , 7 ml. of 
HNO s and 20 ml. of water. Boil to remove the oxides of nitrogen and add 2 ml. 
of a 1% solution of AgN0 3 and 10 ml. of a freshly prepared 10% solution of 
ammonium persulfate. Boil for several minutes, cool, transfer to a 250-ml. volu- 
metric flask and dilute to volume with water. Measure the absorbance of the 
solution at 548 m^ against a reagent blank. Plot the absorbance against the mg. 
of MnO. 

Procedure .— Accurately weigh a ground sample which will contain no more than 
one mg. of MnO into a small platinum dish. Add one ml. of 1:1 H 2 S0 4 , 15 ml. 
of HF and evaporate to strong fumes of sulfuric acid. Fume for 5 minutes and 
cool. 

Add 7 ml. of HN0 3 and 20 ml. of water, warm slightly and transfer to a 250-ml. 
beaker, filtering if BaS0 4 is present. Add 10 ml. of 1:1 H 2 S0 4 and boil to remove 
the oxides of nitrogen. Add 2 ml. of 1% AgN0 3 , 10 ml. of a freshly prepared 10% 
solution of ammonium persulfate and boil for several minutes. Cool rapidly, trans- 
fer to a 250-ml. volumetric flask and dilute to volume with water. Read the 
absorbance at 548 mp against a reagent blank. Determine the weight of MnO 
from the standard curve. 


Per cent MnO 


Wt. MnO X 100 
Wt. sample 


DETERMINATION OF NICKEL— NiO 


Reagents Required. Nickel Standard Solution, (1 ml. = 0.01 mg. NiO).— Accu- 
rately weigh 0.3760 g. of the purest NiS0 4 -7H 2 0 available. Dissolve and dilute 
to exactly one liter with water. Pipet 100 ml. of this solution and dilute to one 
liter to obtain the standard solution. 

Dimethylglyoxime.— Prepare a 1% solution of the salt in ethyl alcohol. 

Preparation of the Standard Curve .— Pipet 5-, 10-, 15-, and 20-ml. portions of 
the nickel standard solution into 150-ml. beakers. Add 15 ml. of 1:1 HC1, 10-15 
ml. of water, 5 ml. of a 20% solution of citric acid and 16 ml. of NH 4 OH. The 
pH should be between 9 and 10. Transfer to a 100-ml. volumetric flask, add 5 ml. 
of bromine water, mix well, add 3 ml. of dimethylglyoxime solution and dilute to 
volume with water. Measure the absorbance of the solution at 446 m/z against a 
reagent blank. Plot the absorbance against the mg. of NiO. 

Procedure .— Accurately weigh a ground sample which will contain no more than 
0.2 mg. of NiO into a small platinum dish. Add 1 ml. of 1:1 H.,S0 4 , 15 ml. of HF 
and evaporate to dryness. Add 15 ml. of I: I HC1, 15 ml. of water and warm until 
the soluble salts are dissolved. Transfer the solution to a 150-ml. beaker, filtering 
if BaS0 4 is present. Add 5 ml. of a 20% solution of citric acid and 16 ml. of 
NH 4 OH. The pH should be between 9 and 10. Place the solution in a 100-ml. 
volumetric flask and cool rapidly. Add 5 ml. of bromine water, mix well, add 
3 ml. of dimethylglyoxime solution and dilute to volume with water. Read the 
absorbance at 446 mp against a reagent blank. Determine the weight of NiO 
from the standard curve. 


Per cent NiO 


Wt. NiO X 100 
Wt. sample 
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DETERMINATION OT TITAN WM~Ti0 2 
Reagents Required Titanium Standard Solution (1 ml 01 mg TiO)- 
Accurately weigh 0 OoOO g of the purest available dry titanium dioxide Add 5(hn| 
of 1 1 H S0 4 and evaporate to heavy fumes of sulfuric acid Cool this soluton 
add to 300 ml of water and dilute to exactly oOO ml 
Preparation of the Standard Curve — Pipet 2 4 6 8 and 10 ml portions of the 
titanium stand ird solution into 100 ml volumetric flasks Add 10 ml of 1 1 H SO 
dilute partially with water add 5 ml of 3% hydrogen peroxide and dilute io 
volume with water Measure the absorbance of the solution at 410 mji against a 
reagent blank Plot the tbsorbance ag nnst the m 0 of 1 iO 
procedure —Accurately weigh i ground sample which will contain no more than 
one mg of TiO into a small platinum dish Add 10 ml of I 1 H SO, 15 ml ot 
HF and evaporate to strong fumes of sulfuric acid Cool and add la 20 ml of 
water Transfer to a loO ml beaker and warm until the soluble salts are dissolved 
Place in a 100 ml volumetric fl isk filtering if BaS0 4 is present Dilute pan all} 
with water add 5 ml of 3% hydrogen peroxide and complete the dilution to 
volume Read the absorbance at 410 mu against a reagent blank Determine the 
weight of TiO from the standard curve 


Pei cent TiO 


Wt TOz X 100 
Wt sample 


THE ANALYSIS OF LEAD GLASSES 

The following procedures are applicable to sihcite glasses that contain lead 
barium calcium magnesium zirconium sodium and/or potassium as major con 
stnuents and up to 4% CcO 3% \1 2 0, 1% S0 3 1% F 0 5% Cl 05% SbO 
0 5% Fe 2 0 3 0 2 d% As O and 0 »% 1 tO 

DETERMINATION OF SILICON (Si0 2 ) 

Procedure —Accurately weigh a 1 g ground sample into a 30 ml platinum cruci 
ble and mix thoroughly with 6 g of Na CO, and 0 2 g of KN0 3 Cover the cnici 
ble and heat over a Meker burner at the lowest temperature possible to obtain a 
fusion Transfer the melt to a 150 ml beaker Add 75 ml of hot water and let 
stand at 30-40°C for about four hours Filter the insoluble material onto a 
coarse filter paper and wash 10 times with a hot 5% Na C0 3 solution Collect the 
filtrate and washings in a porcelain casserole (No 1) Dissolve the acid soluble 
material from the filter paper with hot 10% HNO, into a porcelain casserole 
(No 2) washing tlie filter paper with hot water Add carefully 25 ml of HCl to 
casserole No 3 and 10 ml of HN0 3 to casserole No 2 Evaporate the solutes 
to dryness on a hot plate continue heating until the smell of tire acids ! as dis- 
appeared then cool To casserole No 1 add 10 ml of HCl and to casserole ho 9 
add 10 ml of HN0 3 Add 50 ml of hot water to each casserole heat for 5-10 
minutes to dissolve the salts and filter onto coarse filter papers Wash 10 times 
with hot water and place both filter papers and precipitates in an unweigle 
platinum crucible 

Return the filtrates to their respective casseroles and again evaporate to dry net* 
Add to casserole No 1 3 ml of HCl and to casserole No 2 3 ml of HN0 3 ^ 
25 ml of hot water to each casserole warm to dissolve the soluble salts filter througi 
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coarse filter papers and wash 5 times with warm water. Save die filtrate from 
casserole No. 1 for the determination of total sulfate. Place both filter papers in 
the platinum crucible, Char carefully and ignite in a muffle furnace to constant 
weight at 1000-1050°C. Cool in a desiccator and weigh. Moisten the contents 
with water, add 6 drops of 1:1 H 2 S0 4 and 10 ml. of HF. Evaporate to dryness and 
reignite for 5 minutes at 1000°C. Cool in a desiccator and weigh. The loss in 
weight is Si0 2 . 


Per cent SiOo 


Wt. SiP 2 X 100 
Wt. sample 


DETERMINATION OF SULFUR ( TOTAL S0 3 ) 

Procedure .— Determine total sulfate on the filtrate from casserole No. 1, above. 
Proceed as directed in the Regular Procedure for sulfur, beginning with the first 
paragraph. 


DETERMINATION OF LEAD (PbO) AND BARIUM (BaO) 

Regular Procedures— High Pb Content. PbO 4- BaO.— Accurately weigh a 1.0000- 
g. ground sample into a platinum dish. Add 5 ml. HNO s , 15 ml. HF, 5 ml. of 
H 2 S0 4 , cover and heat until fumes ol sulfuric acid appear. Remove the cover, 
rotate the contents of the dish and continue to fume lightly for several minutes. 
Cool and replace the cover. Add 25 ml. of cold water, heat and transfer to a 
250-ml. beaker. Dilute to about 100 ml., boil gently lor 30 minutes. Cool, add an 
equal volume of alcohol and let stand overnight. 

Filter on a weighed fine porosity porcelain filtering crucible and wash 10 times 
with 1% H 2 S0 4 . Save the filtrate for the determination of total R 2 0 3 . Wash the 
precipitate several times with ethyl alcohol. Place the crucible in a muffle furnace 
and heat gradually to constant weight at 500-600° C. Cool in a desiccator and 
weigh as BaS0 4 + PbS0 4 . 

BaO.— Accurately weigh a 1.0000-g. ground sample into a platinum dish. Treat 
the sample and remove the lead by electrolytic deposition as directed in the follow- 
ing section (Determination of Lead and Barium) (do not -weigh). Determine the 
barium in the electrolyte, as directed in the following section (BaO), using 5-10 ml. 
of 1:1 H 2 S0 4 . 


Per cent PbO 


(Wt. PbSOj + BaSQ 4 ) - wt. BaSQ 4 X 0.7360 X 100 
Wt. sample 


Per cent BaO 


Wt. BaSQ 4 X 0.6570 X 100 
Wt. sample 


DETERMINA TION OF LEAD (PbO) AND BARIUM (BaO) 

Alternate Procedures— Low Pb Content. PbO.— Accurately weigh a ground sam- 
ple that will contain not more than 0.1 g. ol lead into a platinum dish. Add 5 ml. 
of HNO a , 15 ml. of HF and evaporate to dryness. Cool, add 5 ml. of HN0 3 and 
again evaporate to dryness. Add 20 ml. of HN0 3 , 25 ml. of hot water, and warm 
with stirring until the residue is dissolved. Transfer to an electrolytic beaker and 
dilute to 100 ml. with -water. The concentration of HN0 3 should be about 20%. 
Heat to approximately 50°C. and place in an electrodeposition apparatus that 
contains a weighed platinum gauze anode. Adjust the current to 0.5 ampere for 
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15 minutes then to 1 0 ampere for la minutes then to 3 amperes and begin 
stirring of the solution Test for completeness of deposition by addin* nater 
continuing the electrolysis for lO-lo minutes and observing whether further depos 
non occurs on the anode Without interrupting the current lower the beaker 
while washing the anode with water Reserve the electrolyte for the detertn nation 
of barium Dry the anode at lOo C for 30 minutes cool in a desiccator and wei«h 
as PbO 


Per cent PbO 


Wt PbOr X 0 931 X 100 
\\t sample 


Note— T o clean the anode place it in a beaker \ ith warm 1 3 HN0 3 and add a small 
amount of hydrogen peroxide or alcohol 


BaO —Filter the electrolyte through a coarse filter paper into a 4Q0 ml beaker 
Wash a times with warm water Add several drops of bromine water boil lo 
volatilize the excess and neutralize the solution with !sH,OH to the yellow color 
of methyl red indicator Add HC1 drop wise until the solution turns red tie 
add 6 drops excess acid Heat the solution to boiling and add slowly 3_5 m j 0 1 
1 1 H SOj Boil for 10-15 minutes digest for 2-3 hours at 50-60 C Filter on a 
weighed fine porosity porcelain filtering crucible and wash the precipitate 6-10 
times with water Ignite the precipitate to a constant weight in a muffle furnace 
at 900 C Cool in a desiccator and weigh as BaSO., 


Per cent BaO 


W BaSOi X 0 6570 X 100 
Wt sample 


DLTFR \II\AT10\ OF TOTAL R O s (Fe O a A1 0 3 Ti0 2 ZrO WnO 
and CeO ) 

Procedure —If the alternate procedure (preceding section) was used determine 
the R 2 O s on die evaporated filtrate from a separate 1 g sample from which Pb + Ba 
have been removed as directed in the Regular Procedure for lead and barium 
If the regular procedure was used evaporate the filtrate remaining after tie 
I hO 4- BaO detenmintion to dryness 

To the residue add 15 ml of HC1 and dilute to 100 ml with hot water (AUien 
antimony and arsenic are present separate them as directed m the second para 
graph of the Regular Procedure for calcium) Add 10 ml of bromine water aid 
boil until the bromine is volatilized Add several drops of methyl red indicator 
ind precipitate the R„0 3 by adding \H,OH dropwise until the solution turns 
yellow Add 5 10 drops of NH 4 OH in excess and boil for one minute to coagulate 
the precipitate Cool slightly and add a ml of 3% H O a to precipitate tie rare 
earths Let stand for 30 minutes filter throu 0 h a coarse filter paper and wash the 
precipitate with a 2% ammonium chloride solution Save the filtrate for the de 
termination of calcium Place the precipitate in a weighed platinum crucible 
Char slowly and ignite to constant weight in a muffle furnace at 9a0-l000 C Cool 
in a desiccator and weigh as total R 2 O a Save the precipitate for the zirconium 
determination 


Per cent ROi = 


Wt R2Q3 X 100 


Wt sample 
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DETERMINATION OF CALCIUM (CaO) 

Procedure .— Precipitate the calcium as an oxalate in the filtrate from the total 
R„0 3 determination as directed in the Regular Procedure for calcium, beginning 
with the fourth paragraph. 

DETERMINATION OF MAGNESIUM (MgO) 

Procedure .— Determine the magnesium in the combined filtrates from the calcium 
determination as directed in the Regular Procedure for magnesium. 


DETERMINATION OF SODIUM (Na 2 0) 

Procedure .— Determine the total alkali sulfates in the filtrate from the magnesium 
determination as directed in the Regular Procedure for total alkalies. Subtract the 
weight of the potassium sulfate (following section) from the weight of the total 
alkali sulfates and calculate the percentage of Na 2 0 from the difference. 


Per cent Na 2 0 


Wt. of alkali sulfates — wt. K2SO4 X 0.4364 X 100 
Wt. sample 


DETERMINATION OF POTASSIUM (K 2 0) 

Procedure .— Determine potassium as directed in the Rapid Method for potassium, 
beginning with paragraph three, using the water solution of the total alkali sulfates 
remaining from the preceding section. 


DETERMINATION OF CERIUM (Ce0 2 ) 

Reagents. 0.025 N Ferrous Ammonium Sulfate Standard Solution.— Weigh ac- 
curately 10 g. of pure Fe(NH 4 ) 2 (S0 4 ) 2 -6H.,0. Dissolve in 200 ml. of water plus 
10 ml. 1:1 H 2 S0 4 . Dilute to one liter with water. Titrate with 0.025 N KMn0 4 
(to the first permanent pink color) 10 ml. portions of the ferrous ammonium sul- 
fate plus 5 ml. of 1:1 H 2 S0 4 in a 100-ml. volume. 

. Ml. KMnOj X A'K.MnO, X 0.1721 
CeU, titer Ml. Fe(NH 4 ) 2 (S0 4 ) 2 -6H 2 0 

0.025 N Potassium Permanganate Standard Solution.— Weigh accurately 0.79 g. 
of RWnOj. Prepare and standardize as directed on page 2233, using 50 mg. ol 
primary standard sodium oxalate. 


CeCb titer = .VkMuO, X 0.1721. 

Procedure .— For glasses containing lead as a major constituent: weigh accurately 
a 1-g. ground sample into a platinum dish. Add 5 ml. of HN0 3 , 15 ml. of HF and 
evaporate to dryness. Cover with a platinum lid, add 5 ml. of H 2 S0 4 , swirl the 
contents of the dish and warm the solution until the first fumes of sulfuric acid 
appear. Remove the cover and continue to fume lightly for two minutes. Cool, 
cover, add 10-20 ml. of water, transfer the solution and the precipitate to a 250-ml. 
beaker, dilute to about 100 ml. with hot water and boil the solution for 15 minutes. 
Let the precipitate settle for 10 minutes and filter through a coarse filter paper 
into a 500-ml. wide-mouth Erlenmeyer flask. Wash the precipitate with 50 ml. of 
a warm 2% H 2 S0 4 solution. Discard the precipitate. Add 4 ml. of 1:1 H 2 S0 4 to 
the filtrate and heat to boiling. 

(For glasses containing barium as a major constituent, proceed as follows: 
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To a I g sample in a platinum dish add 2 ml Hfs0 3 3 ml HC10 4 15 ml HF 
and evaporate to dr) ness To the residue add 10 ml 1 1 HC1 warm slightly 
transfer the solution to a 2o0 ml beaker dilute with water to about 100 ml° and 
heat to boiling Add several drops of methyl red indicator and InH 4 OH drop! ise 
until the solution becomes a distinct yellow then add 6-10 drops in excess Bo! 
for 1-2 minutes Remove from the heat add 10 ml of 3% hydrogen peroxde 
and a small amount of paper pulp Let stand until the precipitate settles filter 
through a coarse filter paper and wash several times with 1% NH 4 OH Discard 
the filtrate Carefully dissolve the precipitate with 10-15 ml of hot 1 I HC1 and 
wash the paper thoroughly with hot water Add 10 ml of 1 l H<%S0 4 to the solu 
non and heat until heavy fumes of H S0 4 appear Dilute to about 100 ml with 
water heat to boiling and proceed ) 

Add 5 ml of a 0 25% AgNO a solution and a g of ammonium persulfate dissolved 
in a small amount of water The pei sulfate should be added slowly to the hot 
solution Warm the solution for 5 10 minutes Boil gently for 15 minutes to 
destroy the excess persulfate and cool rapidly in a cold water bath Add 2 3 drops 
of 0 02o M ferroin indicator solution and titrate with standardized ferrous ammo 
mum sulfate solution to a pure red orange end point 


Per cent Ce0 2 


Ml Fe(NH 4 MS 04 )« 6H»Q X CeQ 2 titer X 100 
Wt sample 


DETERMI\ATIO\ OF TOTAL IROA (Fe 0 3 ) 

Procedure —Accurately weigh a ground sample which will contain no more tl an 
one mg of Fc O, into a platinum dish Add 5 ml HNO, la ml HF and e'apo 
rate to dryness Cover add a ml of 1 1 H S0 4 heat until fumes of sulfuric acid 
appear remove the cover and fume lightly for 2 3 minutes Cool add 20 ml of 
water and transfer the solution and precipitate to a 250 ml beaker D lute to 
about 80 ml with hot w iter boil for 15 minutes cool and filter through a fi e 
filter paper Wash the precipitate with water discard it and evaporate the filtrate 
to dryness 

To the residue add 5 ml of 1 1 HCI and 20 ml of hot water warm until the 
salts are in solution and transfer to a 2 j 0 ml volumetric flask Proceed for tie 
determination of iron as directed in the second paragraph of the procedure for 
Coloring Elements total iron 


DETER \lI\ATIO\ OF MA\GAAESE (MnO) 

Procedure —Accurately weigh a ground sample which will contain no more'fafu> 
one mg of MnO into a platinum dish Treat as directed in the first paragrapl 
of the preceding section except that the filtrate is not evaporated to dryness 
Complete the determination as directed in the second paragraph of the procedure 
for Coloring Elements manganese 

DETERMINATION OT TITANIUM (TiO ) 

Procedure —Accurately weigh a ground sample which will contain no more than 
one mg of TiO_ into a platinum dish Add 5 ml HN0 3 15 ml HF and evapo 
rate to dryness Cover add 10 ml of 1 1 H»S0 4 heat until fumes of sulfuric a° 
appear remove the cover and fume lightly for 2 3 minutes Cool add 20 ml o 
water and transfer the solution and precipitate to a 250 ml beaker Dilute to 
about 80 ml with hot water boil for 15 minutes cool and filter through a hue 
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filter paper. Wash the precipitate with water. Transfer the filtrate to a 100-ml. 
volumetric flask and complete the determination as directed in the second para- 
graph of the procedure Coloring Elements, titanium. 


DETERMINATION OF ZIRCONIUM (Zr0 2 ) 

Procedure— Mix the ignited precipitate of total R 2 0 3 (total R 2 0 3 in Lead Glass) 
with 5 g. of sodium bisulfate, cover the crucible and heat gently until a liquid 
fusion is obtained. Cool the melt, transfer to a 250-ml. beaker, add 40 ml. of 1 : 1 
H.,S0 4 , 10 ml. of 3% H 2 0 2 and warm until dissolved. Dilute to approximately 
200 ml. and add 2 g. of diammonium hydrogen phosphate. Keep the solution at 
40-50°C. for several hours. (If only a little zirconium is present, remove from the 
heat and let stand overnight.) Filter through a coarse filter paper and wash thor- 
oughly with a cold 5% solution of ammonium nitrate to remove the excess phos- 
phate. Discard the filtrate. Place the paper and precipitate in a weighed platinum 
crucible. Char slowly until the carbon is gone and ignite to a constant weight in 
a muffle furnace at 1000°C. Cool in a desiccator and weigh as ZrP 2 0 7 . 


Per cent ZrO» 


Wt. ZrP 2 0 7 X 0.4647 X 100 
Wt. sample 


DETERMINATION OF ALUMINUM (A1 2 0 3 ) 

Procedure .— Subtract the sum of the percentages of Fe 2 0 3 , TiO s , Zr0 2 , MnO and 
Ce0 2 from the percentage of total R 2 0 3 to obtain the percentage A1 2 0 3 . 


DETERMINATION OF ARSENIC (As 2 O r> ) 

Procedure .— Accurately weigh a 1-g. ground sample and treat as directed in the 
first paragraph of the section on the determination of total iron in lead glass. 

To the residue, add 10 ml. of HC1 and 20 ml. of water and warm until the 
salts are in solution. Dilute with water to 80 ml. and add 20 ml. of HC1 to make 
the solution 30% HC1 by volume. Finish the determination as directed in the 
regular procedure for arsenic, beginning with the addition of H 2 S for 30 minutes. 


DETERMINATION OF ANTIMONY (Sb 2 0 5 ) 

Procedure .— Determine antimony on the filtrate from the arsenic determination' 
as directed in the regular procedure for antimony. 


DETERMINATION OF CHLORIDE (Cl) 
Procedure .— Determine as directed in the regular procedure for chloride. 


DETERMINATION OF FLUORIDE (F) 

Procedure .— Determine fluoride by the applicable procedure described in die 
"Determination of Fluoride" in borate glass below. 


THE ANALYSIS OF BORATE GLASSES 

The following procedures are applicable to silicate glasses that contain boron, 
aluminum, titanium, zirconium, calcium, magnesium, sodium, potassium, barium 
and/or fluorine as major constituents and up to 2% ZnO, 0.5% SO s , 0.5% Cl, 0.5% 
Fe 2 0 3 , 0.25% As 2 0 5 and 0.25% Sb 2 O s . 
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R„O s group as before. Filter through a coarse filter paper and wash with hot 
2% ammonium nitrate solution until free from chlorides. Combine the filtrates 
for the determination of ZnO. Place the paper and precipitate in a weighed plati- 
num crucible. Heat until the carbon has been removed and ignite to a constant 
weight in a muffle furnace at 950°C. Cool in a desiccator and weigh as total RoO-j. 
Save the ignited precipitate for the ZrO a determination. 


Per cent R 2 O 3 


Wt. R 2 Q 3 X 100 
Wt. sample 


DETERMINATION OF ZINC (ZnO) 

Procedure .— Adjust the filtrate from the R 2 0 3 separation to 100 ml., add HC1 
dropwise until the red color of the indicator just appears, add NH 4 OH until the 
solution becomes yellow, then add 2 ml. excess. Pass H 2 S gas into the solution for 
twenty minutes, let stand overnight and filter onto a coarse filter paper that con- 
tains a small amount of paper pulp. Wash with a 10% ammonium hydroxide 
solution that has been saturated with H 2 S gas. Save the filtrate for the determina- 
tion of calcium. Place the paper and precipitate in a porcelain crucible, heat care- 
fully until the carbon is destroyed and ignite to a constant weight in a muffle 
furnace at 700°C. Cool in a desiccator and weigh as ZnO. 


Per cent ZnO 


Wt. ZnO X 100 
Wt. sample 


DETERMINATION OF ZIRCONIUM (Zr0 2 ) 

Procedure .— Mix the R 2 0 3 precipitate with about 5 g. of sodium bisulfate and 
determine the zirconium as directed in the determination of zirconium in Lead 
Glass. 


DETERMINATION OF CALCIUM OXIDE (CaO) 

Procedure .— Acidify the filtrate from the zinc determination with HC1 and add 
5 ml. of bromine water. Boil to remove the H 2 S and adjust the volume to about 
125 ml. Complete the determination as directed in the fourth paragraph of the 
Regular Procedure for calcium. 


DETERMINATION OF MAGNESIUM (MgO) 

Procedure .— Determine the magnesium in the filtrate from the calcium determi- 
nation as directed in the Regular Procedure for magnesium. 

As an alternate to drying the magnesium hydroxyquinolate, filter the precipitate 
through a coarse filter paper, wash 10 times with 1:40 NH 4 OH, place in a weighed 
platinum crucible, char slowly and ignite to constant weight in a muffle furnace at 
1000°C. Cool in a desiccator and weigh as MgO. 


Per cent MgO 


Wt. MgO X 100 
Wt. sample 


Note— Calcium and magnesium can be piecipitatcd together when only small quantities 
ate present as follows: Acidify the filtiatc from the zinc determination (zinc in Borate- 
Glass) with HC1 and add 5 ml. of biomine water. Boil to remove the H.,S, adjust the 
volume to about 125 ml., heat to boiling and add 10 ml. of a saturated solution of ammo- 
nium oxalate and seveial diops of methyl ted indicator. Add NH 4 OH tliopwise until the 
solution turns yellow, boil 5-10 minutes, let cool and add sufficient NH 4 OH to make the 
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solution 5% by volume Add 4 ml of a 5% 8 hydroxy quinoline solution Heat to 60- 
70° C , stir and continue heating for 10-15 minutes Do not boil Let stand overnight 
Filler the mixed precipitate through a fine filter paper wash 10 times with 1 40 Ml.OH 
place in a weighed platinum crucible char slowly and ignite to constant weight at 1000 e C 
Cool in a desiccator and weigh as CaO plus MgO 


Per cent (CaO + MgO) = 


Wt (MgO + CaO) X 100 
Wt sample 


DETERMINATION OF TOTAL ALKALIES (Na 2 0 + K 2 0) 
Procedure — Determine the total alkalies as directed in the regular procedure lot 
total alkalies 


DETERMINATION OF POTASSIUM (K 2 0) 

Procedure — Determine potassium on the water solution of the total alkali $u) 
fates as directed in the rapid procedure for potassium, beginning with the third 
paragraph 

DETERMINATION OF ARSENIC (As 2 0-) 

Procedure —Accurately weigh a 1 g ground sample into a platinum dish Add 
5 ml HNO s , 15 ml HF and evaporate to dryness To the residue, add 10 ml of 
HC1 and 20 ml of water and warm until the silts are in solution Dilute with 
water to 80 ml and add 20 ml of HC1 Finish the determination as directed in 
the regular procedure for arsenic beginning with the addition of H 2 S for 30 
minutes 

DETERMINATION OF ANTIMONY (Sb 2 O s ) 

Procedure —Determine antimony on the filtrate from the arsenic determination 
as directed in the regular proceduie for antimony 

DETERMINATION Or TOTAL IRON (Fe 2 O a ) 

Procedure .— Accurately weigh a ground sample which will contain no more than 
one mg of Fe 2 O s into a small platinum dish Add 3 ml of 1 1 H 2 S0 4 , 15 ml of 
HF and evaporate to fumes of sulfuric acid Cool, add 20 ml of water, warm the 
solution filter oil any barium sulfate, wash with hot water and evaporate the filtrate 
to dryness Cool, add 5 ml of 1 1 HCI and 20 ml of hot water Warm until the 
salts are in solution and transfer to a 250 ml volumetric flask Complete the deter 
mination as directed in the second paragraph of the procedure for total iron in 
coloring elements 

DETERMINATION OF MANGANESE (MnO) 

Procedure —Follow the procedure given under Coloring Elements, manganese 

DETERMINATION OF TITANIUM (TiG 2 ) 

Procedure .— Follow the procedure given under Coloring Elements titanium 

DETERMINATION Or ALUMINUM (A1 2 0 3 ) 

Procedure .— Subtract the sum of the percentages of Fe 2 0 3 , TiOg, Zr0 2 , MnO and 
ZnO from the percentage of total R 2 O a to obtain the percentage of A1 2 0 3 
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DETERMINATION OF BORON (B 2 0 3 ) 

Apparatus. Distillation Apparatus.— Essentially the type described by Gwirtsman, 
Mavrodineanu and Coe. 6 

pH Meter.— Such as Leeds and Northrup No. 7664 equipped with a glass-saturated 
calomel electrode pair. 

Reagents. Paranitrophenol Indicator.— Dissolve 1 g. of the reagent in 75 ml. of 
ethyl alcohol and dilute to 100 ml. with water. 

Phenolphthalein.— Dissolve 1 g. of the reagent in 100 ml. of ethyl alcohol and 
dilute to 200 ml. with water. 

0.1 N Sodium Hydroxide Standard Solution.— Weigh accurately and rapidly 4.0 g. 
of sodium hydroxide pellets. Dissolve and dilute to one liter with water. Store in 
a polyethylene bottle. Standardize against the 0.1 N boric acid standard solution 
as follows: 

Measure from a pipet 25 ml. of the boric acid standard solution into a 250-ml. 
beaker, boil and cool under reduced pressure, dilute to 125 ml., stir with a mag- 
netic stirrer and immerse the glass-calomel electrodes. Adjust to pH 5.4 with 0.1 N 
NaOH, add mannitol, and titrate to pH 8.5 with 0.1 N NaOH. Add enough 
mannitol to maintain a slight amount undissolved throughout the titration. 


B2O3 titer = 


mg. B2O3 
ml. NaOH ’ 


0.1 N Boric Acid Standard Solution.— Fuse pure boric acid in a platinum dish. 
While still warm, crush the melt and transfer it to a weighing bottle. Accurately 
weigh 1.741 g. and dissolve in hot, recently boiled water. Cool and dilute to 
exactly 500 ml. 

Procedure .— Accurately weigh a 0.5000-g. ground sample into a platinum crucible 
and mix with 3 g. of sodium carbonate. Cover the crucible and heat slowly over 
a Meker burner, gradually increasing the heat until a liquid fusion is obtained. 
Maintain this temperature for about 10 minutes. Cool and decompose the melt 
in the crucible in the minimum amount of HC1. After each addition of acid, swill 
the mixture gently until the effervescence ceases. Thoroughly break up the solids 
with a stirring rod. Transfer to the sample chamber of the distillation apparatus 
with no more than 40 ml. of water and add approximately 1 g. of anhydrous cal- 
cium chloride for each ml. of solution. 

Distill about 25 ml. of methyl alcohol into the sample flask before starting the 
distillation of the sample. Regulate the distillation of the sample to the minimum 
rate necessary to prevent further condensation of methyl alcohol in the sample 
flask. Collect two 100-ml. portions of distillate. Place the contents of the water 
trap in the second distillate. Immediately convert the methyl borate to sodium 
borate as follows: To each distillate portion add 3 drops of paranitrophenol and 
10 drops of phenolphthalein. Add 0.5 N NaOH, first to the paranitrophenol end 
point, and then carefully to the phenolphthalein end point. Measure the volume 
of NaOH required between the two end points, then add twice this amount more. 
Transfer the solution to a glazed porcelain casserole and evaporate on a steam bath 
to approximately 25 ml. Both distillates are evaporated in the same casserole. 
Rinse the solution into a 250-ml. flask and add 1:5 HC1 until the yellow color of 
the paranitrophenol just disappears. Heat to boiling and cool under reduced 

6 Gwirtsman, J., Mavrodineanu, R., and Coe, R. R., Anal. Chem., 29, 887, 1957. 
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pressure (attach to a \acuum lute) Repeat tins boiling and cooling to insure con 
plete remov al of C0 2 

Transfer the solution to a 250 ml beaker, dilute to 125 ml stir with a magnetic 
stirrer and immerse the glass-calomel electrode pair m the solution To neutral k 
the e\cess HC1 adjust to pH 5 4 with 0 1 ' NaOH added slowly Then adl 
mannitol to the solution and titTate to a pH of 8 5 with 01 \ NaOH standard 
solution \dd enough mannitol to maintain a slight amount undissohed throu»h 
out the titration Hie NaOH equivalent to the B_O s is that required between 
pH 5 4 and 8 5 


Per cent B»0 3 


Ml NaOH X BzOa titer X 100 
Wt sample 


DFTERMI\A TIO \ OF FLUORIDF (F) 

Apparatus — A satisfactory type of distillation apparatus is described in the sec 
non on the determination of boron in Borite Glass 

Reugents Cbloroacetate buffer —Dissolve 0 45 g of manoddota iceuc acvliwl 
2 g of sodium hydroxide pellets in 100 nil of water Store in a polyethylene 
bottle 

Fluoride Standard Solution (1 ml 0 015 mg F) —Accurately weigh 0 1)332 g 
of puie dried sodium fluoride Dissolve iii water and dilute to exactly one liter 

Fluoride Standard Solution, (1 ml = 1 mg F) — Weigh accurately 2 210 of 
pun dried sodium fluoride Dissolve and dilute to one liter with w iter Store m 
i polvethyluie bottle 

0 1 A Thorium Nitrate Standard Solution —Weigh accurately 13 8 g if 
lh(\0 { ) 4 4H O dissolve and dilute to one liter with water Store in a dad 
bottle St uidardize as follows Pipet 10 ml of the fluoride standard solution (I ml 

1 mf, F) into a 250 ml beaker Dilute to 150 ml and follow the directum 
below beginning with the second paragraph of the titrimetric procedure 

p - Mg F 
CI ~ MI Th(N0 3 ) 4 

Zirconyl Chloride —Dissolve 0 265 g of zirconyl chloride octahydrate in 50 ml 
of water Add 700 ml of HC1 and dilute to exactly one liter with water 

Absorption Spectrophotometnc Procedure (0-1 0 % F) Preparation of the 
Standard Curve— Pipet 1 2 3 and 4 ml portions of the standard fluoride solu 

non (1 ml -0 015 mg F) into 100 ml volumetric flasks Dilute partially witfi 
water add with a pipet 5 ml of 0 18% erioclarome cyamne R solution and 5 ml 
of zirconyl chloride solution and complete the dilution with water Measure the 
ibsorbance at 526 in/* against a reference solution composed of 10 ml of 018 p « 
eriochrome cyanine R and 7 ml of HC1 diluted to 200 ml with water Plot the 
absorbance against the mg of F 

Procedure —Accurately weigh a 05 g ground sample into a platinum crucible 
Mix thoroughly with 3 g of Na_C0 3 Cover and fuse slowly over a Meker burner 
Cool transfer the melt to a 230 ml beaker add 75 ml of hot water and "arm to 
disintegrate the melt 

Filter through a coarse filter paper into a 250 ml volumetric flask Wash t e 
residue 5 times with very hot water and discard Cool the filtrate and dilute to 
volume Pipet a 25 ml aliquot into the sample chamber of the distillation app 1 
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ratus described in the section on the determination of boron in Borate Glass. Add 
approximately 0.2 g. of powdered Si0 2 and 50 ml. of HC10 4 . 

Cool the condenser and begin heating the sample chamber and the steam gen- 
erator (escape tube open). When the temperature in the chamber has reached 
130°C., direct the steam from the generator into the chamber by closing the escape 
tube. Maintain the temperature in the chamber at 135-140°C. during the distil- 
lation. Collect 250 ml. of distillate in a polyethylene bottle. Mix well and pipet 
a 50-ml. aliquot (should contain not more than 0.06 mg. of F) into a 100-ml. volu- 
metric flask. 

Add to the flask 5 ml. each of 0.18% eriochrome cyanine-R solution and zirconyl 
chloride solution, dilute to volume and read the absorbance at 526 mu against the 
reference solution indicated above. Determine the concentration of F from the 
standard curve. 


Per cent F 


Wt. F X 5000 
Wt. sample 


Titrimetric Procedure (1-5% F).— Accurately weigh a 0.5-g. ground sample into 
a platinum crucible. Treat the sample as directed in the first paragraph of the 
spectrophotometric procedure. Filter through a coarse filter paper into a 250-ml. 
beaker and wash the residue 5 times with very hot water. The volume of the fil- 
trate should be about 150 ml. 

Cool the solution, add 10 drops of 0.05% sodium alizarinsulfonate indicator 
solution and HC1 until the pink color turns to pure yellow. Add 1 N NaOH until 
the pink color of the indicator just reappears, then 1:200 HC1 until the pink just 
disappears. Adjust the pH between 2.9 and 3.2 by adding 3-5 ml. of chloroacetate 
buffer. Check the pH with pHydrion paper. Titrate with 0.1 N Th(N0 3 ) 4 solu- 
tion to the appearance of the first permanent pink color. 


Per cent F 


Ml. Th(NQ 3 ) 4 X F titer X 100 
Wt. sample 


Gravimetric Procedure (>5% F).— Prepare a 0.5-g. sample as directed in the first 
paragraph of the spectrophotometric procedure. Filter through a coarse filter 
paper into a 250-ml. beaker and wash the residue 5 times with hot water. Discard 
the residue. The volume of the filtrate should be about 150 ml. Heat to boiling 
and add slowly a suspension of zinc oxide (0.5 g. ZnO in 20 ml. of 1:20 HN0 3 ), 
boil for 1-2 minutes, let stand until cool, filter through a hardened coarse filter 
paper into a 400-mi. beaker and wash 5 times with hot water. Discard the precipi- 
tate. Adjust the volume of the filtrate to 250-300 ml. and add 3 drops of brom- 
phenol blue indicator. Make the solution acidic with 1:1 HNO s and then just 
alkaline with 5% NaOH. Add 0.2 g. of NaCl, 1 ml. of HC1, 5 g. of lead nitrate 
and warm until the lead nitrate has dissolved. Immediately add 5 g. of sodium 
acetate trihydrate and stir vigorously. Warm for 30 minutes with occasional stir- 
ring, then let stand overnight at room temperature. Filter through a fine filter 
paper, wash the beaker and paper twice with iced water, then four times with a 
saturated solution of lead chlorofluoride and finally once more with iced water. 
Transfer the paper and precipitate to the precipitation beaker, add 100 ml. of 
5:95 HN0 3 and boil until the precipitate has dissolved (requires about 5 minutes). 
Filter through a coarse filter paper and wash about 10 times with water. Bring the 
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filinte to a boil and add a slight excess of a 1 % solution of silver nitrate i , 
solution for several minutes and let stand overnight in a dark place Flu 
precipit ite into a Gooch filtering crucible that contains a glass fiber filter * 
"■* “ ld 1 99 H\0 3 solution dry a, 110’C for onf hour, cool 
cator and weigh as AgCI in a ««« 


p er cent F = Wt AgCl X 0 1326 X 100 
W t sample 



THE ANALYSIS OF SILICATE ROCKS 


The word "rocks” has been used as a broad compositional term in the title of 
this section. An attempt is made here to give methods for the analysis of the 
major types of naturally occurring silicates which are used as raw materials in 
manufacturing processes. The materials are listed in two compositional groups, 
namely: (1) quartz sands, and (2) clays and feldspars. The procedures given for 
the second group generally apply to the common igneous and metamoiphic rocks 
and raw materials such as aplite, nephylene syenite, pyrophyllite, talc, high-alumina 
sands, and clays. 


THE ANALYSIS OF QUARTZ SANDS 

The following procedures are applicable to sands which contain at least 96% 
Si0 2 and no more than 2% A1 2 0 3 . High alumina sands (over 2% A1 2 0 3 ) should 
be analyzed as directed in The Analysis of Clays and Feldspars. For rapid or pai- 
tial analysis, the procedures git en in the section on Rapid Procedures are directly 
applicable to quartz sands. Since only small amounts of coloring oxides will be 
present normally in these sands, the piocedures given in the section on Coloring 
Elements can be used. When analyzing quartz sands using the procedures written 
for glass analysis, the amounts of HF indicated in the procedures should be added 
in several small portions to avoid loss of sample due to too vigorous a reaction. 


DETERMINATION OF NON-VOLATILE RESIDUE 
Procedure .— Accurately weigh 5 g. of sample (40 mesh) into a weighed 30-mi. 
platinum crucible. Add 1 ml. of 1 : 1 H 2 SG 4 and 8 ml. of HF. Warm on a hot 
plate until the reaction begins. Remove from the hot plate, and add 5 ml. of 
HF to slow the reaction. Continue alternately to warm, cool and add HF to the 
solution as long as an active reaction occurs upon heating. When the danger of 
boiling over has passed, fill the crucible % full of HF, evaporate to dryness and 
expel the excess sulfuric acid. Ignite to a constant weight in a muffle furnace at 
950-1000°C., cool in a desiccator and weigh. Save the residue for the determina- 
tion of total R 2 0 3 . 


Per cent Non-Volatile 


Wt. residue X 100 
Wt. sample 


DETERMINATION OF SILICON (Si0 2 ) 

Procedure .— The percentage of total SiO a is calculated by subtracting the per- 
centage of non-volatile residue from 100. 


DETERMINATION OF TOTAL R 2 0 3 (A1 2 0 3 , Fe 2 0 3 , Ti0 2 , Zr0 2 ) 
Procedure .— Add approximately 5 g. of sodium bisulfate to the residue in the 
crucible from section on Non-Volatile Residue, cover with a platinum lid and heat 
gently over a Meker burner until a clear liquid is obtained. Cool, transfer the 
melt to a 250-ml. beaker, rinse the lid and crucible, add 25 ml. of 1:1 HC1 and 
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warm until the salts are m solution (If any barium is present, it will remain as 
insoluble BaS0 4 and should be filtered off ) Complete the determination as di 
rected under the Regular Procedure for R 2 0, beginning with the addition of 
10 ml of bromine water Save the ignited precipitate for the determination of 
zirconium 

DETERMINATION OF ZIRCONIUM (Zr0 2 ) 

Procedure .— Determine the zirconium as directed in the section on the determina 
tion of Zirconium m Lead Glass 

DETERMINATION OT ALUMINUM (ARO s ) 

Procedure —Subtract the sum of the percentages of Fe 2 0 3 (page 2244) TiO_ (page 
2246), and ZrOo from the percentage of total R_,0 3 Alternatel), weigh a f 000 g 
ground sample into a platinum dish Add several ml of water, 15 ml of HF 
(slowly) and 5 ml of HC10 4 Swirl gently to mix With the platinum covet 
slightly displaced, heat until most of the hydrofluoric acid is evaporated Remove 
the platinum cover and evaporate to dense fumes of perchloric acid Cool rinse 
the lid and sides of the dish with a small quantity of water and evaporate to dry 
ness To the residue in the dish, add 1 ml of HC1 and 10 ml of water Warm 
to dissolve the salts, cool, scrub the lid and dish with a rubber policeman and 
transfer the entire sample to a 250 ml beaker Complete the determination as 
directed in the Rapid Procedure for aluminum, beginning with the second para 
graph 

Per cent AI2O3 = 

[(Ml EDTA X Cu equiv ) - (ml Cu + % p[o,* um ^ )] Al °* * 100 
Wt sample 

DETERMINATION OF CALCIUM AND MAGNESIUM (CaO and MgO) 
Procedure —Weigh accurately a 2g ground sample into a platinum dish Add 
several ml of water, 10 ml of HC10 4 and 25-30 ml of HF Swirl gently to mix 
Cover, evaporate to dense fumes of perchloric acid, cool rinse the lid and sides ol 
the dish with a small amount of water and evaporate to dryness To the residue 
in the dish add 1 m] of HC1 and 10 ml of water Warm to dissolve the salts 
and cool Scrub the lid and dish with a rubber policeman and transfer the con 
tems io a'Sfo'bm’i volumetric Tlask "Dilute to volume and mix "fnimiu^thy " ,r F J ' 
two 100 ml aliquots into 250 ml beakers or Erlenmeyer flasks 
Determine either the sum (CaO plus MgO) or the individual elements as di 
rected under the Rapid Procedure for calcium and magnesium, beginning with 
the procedure for CaO titration or CaO + MgO titration 

DETERMINATION OF CALCIUM (CaO)— /4L T FRNA T E PROCEDURE 
Procedure .— For CaO contents up to 0 5%, a flame spectrophotometnc method 
is useful See following section for directions 

DETERMINATION OF SODIUM AND POTASSIUM (Na a O and KjO) 
Reagents. Calcium Standard Solution, (1 ml =1 mg. CaO) —Dry die P 11 ^ 
calcium carbonate available at 110°C for 3 hours and accurately weigh I 7 
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into a platinum dish. Cover the dish with a platinum lid and carefully add 25 ml. 
of 1:5 HC10 4 . Evaporate to fumes of perchloric acid. Rinse the lid and sides of 
the dish and evaporate to dryness. Dissolve the residue with water and dilute to 
exactly one liter. 

Potassium Standard Solution, (1 ml. = 1 mg. K 2 0).— Dry the purest potassium 
chloride available at 110°C. for 2 hours, accurately weigh 1.5830 g., dissolve in 
water and dilute to exactly one liter. 

Sodium Standard Solution, (1 ml. = 1 mg. Na a O).— Dry the purest sodium chlo- 
ride available at 110°C. for 2 hours, accurately weigh 1.8860 g., dissolve in water 
and dilute to exactly one liter. 

Preparation of the Standard Curve .— Prepare a series of standard solutions con- 
taining amounts of Na 2 0, K 2 0, and/or CaO in each solution which approximate 
the quantities likely to occur in the sample by pipetting known quantities of the 
reagents above into a volumetric flask and diluting to one liter. This will mini- 
mize the effect of interferences between these elements. 

Introduce the standard solutions into the flame spectrophotometer as directed 
by the manufacturer. Read the intensity of the emitted light at 589 m n for sodium, 
767 m/u for potassium and 423 m n for calcium. Prepare three standard curves by 
plotting the measured intensities against the mg. of Na 2 0, lv 2 0, and CaO. Sub- 
tract the value of a blank carried through all steps of the determination. 

Procedure .— Accurately weigh a 1-g. ground sample into a platinum dish. Add 
several ml. of water, 10 drops of HC10 4 and 15 ml. of HF. Cover the dish and 
evaporate to dryness. Cool, rinse the lid and sides of the dish with water, add 10 
drops of HC10 4 , cover and evaporate again to dryness. Rinse the lid and sides 
of the dish with water, add 2 drops of HC10 4 and evaporate to 5 ml. Then add 
a small amount of paper pulp. 

Add one drop of methyl red indicator and precipitate the R 2 0 3 group by adding 
to the hot solution 1:9 NH 4 OH until the indicator turns to yellow, then add 4-5 
drops in excess. Boil for about one minute to coagulate the precipitate, cool 
slightly and filter onto a coarse filter paper into a 25-ml. volumetric flask. Wash 
with a hot solution consisting of 1 ml. of HC10 4 in 500 ml. of water neutralized 
with NH 4 OH just to the yellow color of methyl red indicator. Add 1 N HC10 4 
to the solution in the flask until the red color of the indicator just appears. Cool, 
dilute to volume and transfer to a dry polyethylene bottle. 

Introduce the sample into the flame spectrophotometer as directed by the manu- 
facturer. Wear rubber gloves when handling samples to minimize contamination. 
Read the intensity of the emitted light at 589 m^t for sodium, 767 m/t for potassium, 
and 423 m^ for calcium. Determine the weights of Na 2 0, K 2 0, and CaO from 
the standard curves. Subtract the value of a blank determination carried through 
all steps of the determination. 


Per cent Na20. KoO, or CaO 


Wt. oxide X 100 
Wt. sample 


THE ANALYSIS OF CLAYS AND FELDSPARS 

The following procedures are applicable to silico-aluminates that contain cal- 
cium, magnesium, sodium and/or potassium as major constituents and not more 
than 5% each of barium, iron, titanium, and zirconium. 
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DETERMINATION OF MOISTURE 


Procedure —Accurately weigh a 1 g ground sample into a weighed platinum 
crucible Dry the sample to constant weight (1-2 hours) in an oven at 10a°C cool 
in a desiccator and weigh 


Per cent Moisture 


Wt loss X 100 

Wt sample 


DETERMI\ATIO\ OF IGMTION LOSS 
Procedure —Place the sample from the moisture determination in a muffle fur 
nace ignite to constant weight at 1000'C cool in a desiccator and weigh 


Per cent Ignition Loss 


Ut loss X 100 
VVt sample 


DETERMINATION OF SILICO\ (Si0 2 ) 

Procedure —Accurately weigh a 0 5 g ground sample into a 30 ml platinum 
crucible Mix thoroughly with 6 g ol sodium carbonate Cover with a platinum 
lid and heat slowly gradually increasing the heat until a liquid fusion is obtained. 
Maintain this temperature for 20-30 minutes Remov e the crucible from the heat 
and swirl the melt so that it cools in a thin shell on the inner crucible wall Trans- 
fer the melt with hot water to a glazed porcelain casserole, rinse the crucible and 
lid with 1 1 HCI add 30 nil of 1 1 HC1 to the casserole and evaporate to dryness 
on a steam bath or a hot pi ite Continue heating until the odor of HU can no 
longer be detected Add 30 ml of 1 3 HCI heat for 10-15 minutes filter onto a 
coarse filter paper and wash with hot water until free of chlorides Place the filter 
paper and precipitate m an unweighed platinum crucible Complete the deter 
mination as directed in the third paragraph of the Regular Procedure for silicon 
Save the filtrate and the non siliceous residue in the crucible for the determination 
of total R_0 3 


Dt TERMIN’ ATlO\ OF TOTAL R 2 0 3 (A1_0 3 Fe 2 0 3 Ti0 2 ZrO ) 
Procedure — Fuse the residue that remains from the silica determination with 
about 1 g of sodium carbonate Cool dissolve the melt m a small amount of I l 
HCI and add to the silica filtrate Evaporate the solution to about 125 ml add 
10 ml of bromine water 10 grams of ammonium chloride and boil to volatilize the 
bromine Add several drops of methyl red indicator and proceed as directed in 
t’ne Regu'nr rroceuure ior R 2 0 3 beginning with the first addition tA 
Before the second precipitation add 5 g of ammonium chloride to the acid solu 
non of the first precipitate The filtrates may be used for the determination of 
calcium and magnesium 


Pei cent R 2 Oi = 


U t R 2 Q 3 X 100 
Wt sample 


DETERMINATION OF TOTAL IRON (as Fe 2 0 3 ) 

Reagent 0 025 N Potassium Permanganate — Weigh accurately 0/9 8 
KMn0 4 Prepare and standardize as directed on page 2233, using 50 mg of P rl 
mary standard sodium oxlate 


Fe-Os titer = iVeubO, X 0 07985 
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Procedure.— Mix the ignited R 2 O s precipitate with 6-8 g. of sodium bisulfate 
(or potassium pyrosulfate), cover, heat over a Meker burner until a clear fusion is 
obtained. Cool, dissolve the melt in 10 ml. of 1:1 H 2 S0 4 and 200 ml. of water. 
If only a low percentage of iron is present, determine as directed in the section on 
Coloring Elements. If not, heat the solution to boiling and pass in H^S gas for 
10-15 minutes to reduce the iron. Filter onto a coarse filter paper, wash several 
times with water made just acidic with H 2 S0 4 and saturated with H„S. Again 
pass H 2 S gas into the solution for 10 minutes. Pass C0 2 into the solution and 
boil to expel the excess H 2 S. Continue the flow of CO a and cool the solution 
rapidly. Titrate the iron with 0.025 N KMn0 4 . Save the solution for tire de- 
termination of titanium. 


Per cent Fe 2 03 


Ml. KMnC >4 X Fe 2 C >3 titer X 100 
Wt. sample 


DETERMINATION OF TITANIUM (TiO,) 

Procedure .— Dilute to exactly 200 ml. the solution in which the iron was titrated 
and pipet an aliquot that will contain no more than one mg. of TiOo into a 
100-ml. volumetric flask. Add 5 ml. of H 2 S0 4 , 5 ml. of 3% hydrogen peroxide, and 
dilute to volume. Read the absorbance at 410 m/t against a reagent blank. Refer 
to section on Coloring Elements, titanium, concerning the preparation of the 
standard curve and the calculations. 


DETERMINATION OF ZIRCONIUM (Zr0 2 ) 

Procedure .— Combine the solutions from the preceding section (remainder of 
200 ml., diluted aliquot, and solution in photometer cell). Add sufficient H.,S0 4 
to obtain a 10% H,S0 4 final concentration. Add 5 ml. of H.,0 2 and 2 g. of di- 
ammonium hydrogen phosphate. Keep the solution at 40-50°C. for two hours or 
remove from the heat and let stand overnight. Filter onto a coarse filter paper and 
wash thoroughly with a cold 5% solution of ammonium nitrate. Discard die fil- 
trate. Place the paper and precipitate in a weighed platinum crucible. Char 
slowly until the carbon is gone and ignite to a constant weight in a muffle furnace 
at 1000°C. Cool in a desiccator and weigh as ZrP 2 0 7 . 


Per cent Zr0 2 


Wt. ZrPaOr X 0.4647 X 100 
Wt. sample 


DETERMINATION OF ALUMINUM (Al 2 O s ) 

Procedure— Subtract the sum of the percentages of Fe 2 O s , TiOo, and ZrOo from 
the percentage of total R 2 0 3 . 


DETERMINATION OF BARIUM (BaO) 

Procedure .— Determine the barium as directed in die Regular Procedure for 
barium. Save the filtrate for the determination of calcium. 


DETERMINATION OF CALCIUM (CaO) 

Procedure .— Evaporate the filtrate from the barium determination to dryness. 
Add 15 ml. of 1 : 1 HC1, 100 ml. of water, and warm to dissolve die soluble salts. 
Add 10 g. of ammonium chloride and determine the calcium as directed in the 
Regular Procedure for calcium, beginning with the third paragraph. 
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If it is desired to determine the calcium on the filtrate from the preceding sec 
tion on total R 2 O a follow the procedure as directed in the Regular Procedure Jot 
calcium beginning with the fourth paragraph 

DETERMINATION OF MAGNESIUM (MgO) 

Procedure —Determine magnesium on the filtrate from the calcium detenwna 
tion as directed in the Regular Procedure for magnesium Sa\e the filtrate for the 
determination of the total alkalies 

DETERMINATION OF TOTAL ALKALIES (Na,0 + K 2 0) 
Procedure —Determine the total alkalies on the filtrate from the magnesium 
determination as directed in the Regular Procedure for total alkalies 

DFTERMI \ ATION OF POTASSIUM (K 2 0) 

Procedure —Determine the potassium on a water solution of the total alkalies 
from the preceding section as directed in the Rapid Procedure for potassium he 
ginning with the third paragraph 

DETER \ll\ 4TIO\ OF CHROMIUM (Cr 2 0 3 ) AND MANGANESE (MnO) 
Procedure —When present in small quantities, determine as directed undei 
Coloring Elements 
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GENERAL SCHEME OF ANALYSIS 

A general scheme of analysis is shown diagrammatically here. 

General Method of Analysis 
Sample 


Special Tests 

Brighteners 

Copper 

Color 

Density 

Alkalinity 

Etc. 


Volatile Alcohol Soluble 

Moisture Active Ingredient 

Solvents Organic Builders 

Potash Inorganic Salts 
Sodium Chloride 


Alcohol Insoluble 

Inorganic Builders 
Carboxy Methyl Cellulose 
Insoluble Impurities 


SAMPLING 

Sampling Methods conform generally to the procedures of the American Society 
for Testing and Materials. For more complete details, reference should be made to 
ASTM Methods D460-58 and D1570-58T. 

Powders and Flakes Packed in Cans or Cartons .— One can or caiton shall be 
taken at random from not less than 1% of the shipping containers, piovided each 
package contains not less than 50 lb. (22.7 kg.). In the case of smaller containers, 
a can or carton shall be taken at random from each lot of containers totaling not 
more than 5000 lb. (2268 kg.) or fraction thereof. The gross sample shall in all 
cases consist of not less than three cans or cartons taken at random from separate 
containers. In the case of very large lots where the sample drawn as above will 
amount to more than 20 lb. (9.1 kg.), the percentage of packages sampled shall be 
reduced so that the amount drawn will not exceed 20 lb. (9.1 kg.). The individual 
cans or cartons shall be tightly wrapped at once in paraffined paper and sealed by 
rubbing the edges with a heated iron. The wrapped cans or cartons shall be 
placed in an airtight container, which should be nearly filled, and which shall then 
be sealed, marked, and sent to the laboratory for test. Samples shall be kept cool 
until tested. 

Poiuders and Flakes in Bulk.— A grab sample of not less than 0.5 lb. (227 g.) 
shall be taken at random from not less than 1% of die shipping containers, pro- 
vided each package contains not less than 100 lb. (45.4 kg.). In the case of smaller 
containers, a grab sample of not less than 0.5 lb. (227 g.) shall be taken at random 
from each lot of containers totaling not more than 10,000 lb. (4536 kg.) or fraction 
thereof. The gross sample shall in all cases consist of not less than three grab 
samples of 0.5 lb. (227 g.) each taken at random from separate containers. In the 
case of very large lots where die sample diawn as above will amount to more than 
20 lb. (9.1 kg.), the percentage of packages sampled shall be reduced so that the 
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amount drawn shall not exceed 20 lb (9 1 kg ) The sampler shall rapidly m x 
the gross sample and place it in an airtight container which shall be filled sealed 
marked accurately weighed with its weight and the date of weighing recorded oi 
the package and be sent to the laboratory for test Samples shall be kept cool unt 1 
tested 

Liquids —A sample of not less than 0 5 pt (236 6 ml ) shall be taken at random 
from not less than 1% of the shipping containers provided each package contains 
not less than 10 gal (37 9 liters) In the case of smaller containers a sample of 
not Jess than 0 5 pt (236 6 ml ) shall be taken at random from each lot of containers 
totaling not more than 1000 gal (3785 4 liters) or fraction thereof The gross sam 
pie shall in all cases consist of not less than three samples of 0 5 pt (236 6 ml ) each 
taken at random from separate containers Before drawing the sample from the 
container selected the contents of the container shall be thoroughly agitated The 
sampler shall thoroughly nux the gross sample place it in clean dry cans or bottles 
which shall be completely filled and securely stoppered with clean corks or caps 
then sealed marked and sent to the laboratory for test 

Pastes Pastes Packed in Cans or Cartons of 5 lb (2 27 kg ) or Less —One can 
or carton shall be taken at random from not less than 1% of the shipping con 
tamers pros ided each package contains not less than 50 lb (22 7 kg ) In the case 
of smaller containers a can or c irtoti shall be taken at random from each lot of 
containers totaling not more than 5000 lb (2268 kg ) or fraction thereof The gross 
sample shall in all cases consist of not less than three cans or cartons taken at 
random from separate containers In the case of very large lots where the sample 
drawn as above will amount to more than 20 lb (91 kg ) the peicentage of pack 
ages sampled shall be reduced so that the amount drawn shall not exceed 20 lb 
(91 kg ) The simples shall be wrapped sealed marked and sent to the laboratory 
for test 

Pastes Packed in Bulk —A trier sample (see Note) of not less than 05 lb 
(227 g) shall be taken at random from not less than 1% of the shipping containers 
provided each package contains not less than 50 lb (22 7 kg ) In the case of smaller 
containers a trier sample of not less than 0 5 lb (227 g) shall be taken at random 
from each lot of containers totaling not more than 5000 lb (2268 kg ) or fraction 
thereof The gross sample shall in all cases consist of not less than three 051b 
(227 g) samples each taken at random from separate containers 'With very large 
lots where the sample drawn as above will amount to more than 10 lb (4 5 kg) 
the percentage of packages simpled shall be reduced so that the amount drain 
shall not exceed 10 lb (4 o kg ) The sampler shall promptly place the gross sample 
in a clean dry airtight and watertight container which shall be filled sealed 
marked and sent to the laboratory for test 

Note— A trier sample is obtained by inserting a trier into the material A trier » a 
half round steel cylinder i£ to inch in diameter 6 to 36 inches in length pointed on 
one end and having a grip handle on the other end After insertion the trier w Wtne 
two or three times and upon removal a core of the material being sampled is obta ne 

Preparation of Sample Powders and Flakes —Minimizing exposure to air rap 
idly disintegrate and mix the sample of powdered flake or chip product 
desired quarter down to about 1 lb (453 6 g) Weigh at once all portions or 
analysis preserving the remainder in an airtight container in a cool place 
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Liquids.— No preparation of the sample of liquid, other than a thorough mixing, 
is necessary unless it is received during very cold weather, when it should be 
allowed to stand at least 1 hour after it has warmed to room temperature (20° to 
30°C.) before it is tested, particularly for its lathering qualities (see Note). 

Pastes.— Store preferably in glass. If crystals separate, melt on water bath (see 
Note). 

Note.— If pastes or liquids are known to be acidic, and decomposition of sample can 
result from heating, the samples shall be adequately labeled for precautionary treatment 
and warmed to room temperature or other maximum temperature as agreed upon for 
mixing and sampling. 


METHODS OF ANALYSIS 

In compiling these methods, the Standard Methods of the American Oil Chem- 
ists’ Society and American Society for Testing and Materials have been used exten- 
sively and acknowledgment is hereby given. In some cases, the methods are not 
reproduced as standards, but have been found useful in the detergent industry. 

Purity of Reagents.— Reagent grade chemicals shall be used in all tests. Unless 
otherwise indicated, it is intended that all reagents shall conform to the specifica- 
tions of the Committee on Analytical Reagents of the American Chemical Society, 
where such specifications are available. 1 Other grades may be used, provided it is 
first ascertained that the reagent is of sufficiently high purity to permit its use with- 
out lessening the accuracy of the determination. 

Unless otherwise indicated, references to water shall be understood to mean 
reagent water conforming to the Specifications for Reagent Water (ASTM Designa- 
tion D1 193). 2 

Other Reagents and Apparatus.— Special reagents and apparatus will be shown 
in the individual methods where it is believed necessary for a complete understand- 
ing of the particular method. 

ALCOHOL-SOLUBLE MATERIAL 

Reagents. Ethyl Alcohol (95%).— Ethyl alcohol conforming to Formula No. 30 
or 3A of the U. S. Bureau of Internal Revenue. The alcohol should not be 
neutralized. Redistilled alcohol must be used if alkali absorption is more than 
0.2 ml. 

Ethyl Alcohol (Absolute).— Freshly boiled absolute ethyl alcohol conforming to 
either Formula No. 30 or 3A of the U. S. Bureau of Internal Revenue. 

Procedure.— For pastes or liquids, weigh approximately 20 g. to the nearest I mg. 
and wash into a 400-ml. anti-bump beaker with ethyl alcohol (absolute). For 
powders, weigh 10 g. to the nearest 1 mg. and transfer to a 400-ml. anti-bump 
beaker. 

Add 300 to 350 ml. of hot absolute ethyl alcohol. Cover with a watch glass and 
heat on the steam bath for at least 2 hours, stirring frequently to disperse solids 
and break up lumps. Have ready either a fared, 15-cm., rapid filter paper that 

1 Reagent Chemicals, American Chemical Society Specifications, Am. Chem. Soc., Wash- 
ington, D. C. For suggestions on the testing of reagents not listed by the American 
Chemical Society, see Reagent Chemicals and Standards, by Joseph Rosin, D. Van Nostrand 
Co., Inc., Princeton, N. J., and the United States Pharmacopoeia. 

-’Book of ASTM Standards, Part 10, p. 1132, 1958. 
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has been dried in an open tin ointment box at 105 ± 2®C for 1 hour cooled in a 
desiccator and weighed in the covered box or a tared Gooch or sintered glass 
crucible 

At the end of 2 hours remote the beaker from the bath and decant the alcohol 
solution rapidly through the weighed filter paper or tared Gooch or sintered glass 
crucible ret lining as much as possible of tlie residue in the beaker Add 50 ml 
of hot ethyl alcohol (9a° 0 ) to the residue in the beaker Heat to boiling on a Jot 
plate breaking up ant lumps of the residue Again decant the alcohol through 
the tared filter as before Repeat again with another 50 ml portion of hot 
alcohol (9o%) 

E\ aporate the residual alcohol from the residue in the beaker on the steam bath 
stirring at inters ils especially near the end Dissolve the residue in the beaker 
with 10 ml of hot water heating on the steam bath until solution is effected 
Dilute the water solution with 200 ml of hot ethyl alcohol (absolute) bring to a 
boil on the steam bath and filter through the original filter paper Final!} 
transfer the precipitate to the paper with the aid of hot alcohol (absolute) and i 
policeman 

Wash the residue with hot ethyl alcohol (95%) Three or four washings will be 
required Combine the filtrate and washings in a 1 liter solumetnc flask cool 
make up to solume with alcohol (95%) and mix thoroughly 

Transfer a 200 ml aliquot to a tared Soxhlet flask Etaporate on the steam 
bath in t gentle stream of clean dry oil free air until the residue Ins no odor of 
alcohol Swirl the flask to bring the residue onto the sides of the flask to aid the 
escape of moisture Dry 2 hours in the oven at 90°C Cool in a desiccator and 
weigh Break up residue with a glass rod Return to the oven for 05 hour cool 
ind reweigh Repeat until constant weight is obtained 

Calculations —Calculate the uncorrected percentage of alcohol soluble matter ai 
follows 


Alcohol soluble matter (uncorrected), per cent = J X 100 

where 1 *= grams of residue and 

D = grams of sample represented by the aliquot used 

ALCOHOL INSOLUBLE MATERIAL 
Procedure —Place the filter paper containing the residue from the alcohol 
soluble matter m the ointment box fa tared sintered glass crucible may be used) 
and dry 2 hours or longer at 105° ± 2°C to constant weight Cool in the desiccator 
and weigh 

MOISTURE AND VOLATILE MATERIAL (OVEN METHOD) 

rrocedure —Weigh a 5 ± 01 g sample rapidly m a taxed 4-ounce aluminum dish 
tinned ointment box or glass dish Dry to constant weight in an 0' en ** 
150° ± 2°C Usually 45 minutes to 1 hour rs sufficient Soaps containing napht a 
or as much as 1% glycerine give results too high on account of volatilization o 
these materials Soaps containing silicate give results which are too low hecaiwe 
some water is retained by the silicate In these cases moisture should aw 
reported by difference after all other constituents have been determined 
Some soaps will char at I50*C but may be dried satisfactorily at 105*C usua ) 
two hours are sufficient Soaps from linseed and other oxidizing oils absorb ox\g« 
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and, if the oven is used, may gain in weight near the end of the test. For soaps 
from such oils or those containing naphtha and glycerine, the distillation method 
is much more satisfactory than any oven method. 

MOISTURE BY DISTILLATION 

Apparatus .— The apparatus shall consist of a glass flask heated by suitable means 
and provided with a reflux condenser discharging into a trap and connected to 
the flask. The connections between the trap and the condenser and flask shall be 
interchangeable ground joints. The trap serves to collect and measure the con- 
densed water and to return the solvent to the flask. 

Flask.— A 1000-ml. flask of either the short-neck, round-bottom type or the Erlen- 
meyer type shall be used. 

Heat Source.— The source of heat may be either an oil bath (stearic acid, paraffin 
wax, etc.), or an electric heater provided with a sliding rheostat or other means of 
heat control. 

Condenser.— A water-cooled glass reflux condenser (see ASTM D1570-58T), hav- 
ing a jacket approximately 400 mm. (15% in.) in length, with an inner tube 9.5 
to 12.7 mm. (% to in.) in outside diameter, and not less than 6.35 mm. (% in.) 
inside diameter, shall be used. The end of the condenser to be inserted in the 
trap may be ground off at an angle of 30° from the vertical axis of the condenser. 
When inserted into the trap, the tip of the condenser shall be about 7 mm. (% in.) 
above the surface of the liquid in the trap after the distillation conditions have 
been established. 

Trap.— For greatest accuracy several trap sizes are allowable, depending upon 
the percentage of moisture expected: 


Moisture Expected, % Size of Trap, ml. 

0 to 5, incl 5 

Over 5 to 17, incl 10 

Over 17 to 30, incl 10 

Over 30 to 50, incl 25 

Over 50 to 70, incl 25 

Over 70 to 85, incl 25 


Traps made of well-annealed glass graduated to contain one of the following 
specified volumes at 20°C. shall be used. 

5 -ml. Trap .— Subdivided into 0.1-ml. divisions with each 1 ml. line numbered 
(5 ml. at top). The error in any indicated capacity may not be greater than 
0.05 ml. 

10-ml. Trap— Subdivided from 0 to 1 ml. in 0.1-ml. divisions and from 1 to 10 ml. 
in 0.2-ml. divisions. 

25-ml. Trap .— Subdivided from 0 to 1 ml. in 0.1-ml. divisions and from 1 to 25 ml. 
in 0.2 ml. divisions. 

Note.— T he condenser and trap should be thoroughly cleaned before use. 

Solvent. Xylene (or Toluene).— Saturate xylene (or toluene) with water by shak- 
ing with a small quantity of water and distill. Use the distillate for the determi- 
nation. 

Procedure.— Transfer to the 100-ml. flask, equipped with the proper size of trap, 
an amount of sample according to the percentage of moisture expected, as follows: 
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Weight of Sample 


Moisture Expected, % to be Used g » 

0 to 5, mcl 50 ± 5 

Over 5 to 17, inci 50 ± 5 

Over 17 to 30, mcl 40 d: 4 

Over 30 to 50, ind 30 ± 3 

Over 50 to 70, mcl 30 ± 3 

Over 70 to 85, inci 25 dr 2 


* Weighed to the nearest 0 25 g 

Add immediately about 100 ml of xylene or toluene Place a small thin sheet 
of long fiber chemical resistant glass wool on the surface of the toluene (Pyrex and 
kimax glass hate been found satisfactory for this purpose) The glass wool should 
be thoroughly dried in the oven and held in the desiccator before use 
Connect the flask and receiver to the condenser and pour sufficient xylene ot 
toluene down the condenser tube to cause a slight overflow through the side tube 
Wrap the flask and tube leading to the receiver with asbestos cloth so that reflux 
ing will be under better control 

Heat the oil bath with a gas burner or other source of heat or apply heat directly 
to the flask with an electric heater and distill slowlv The rate at the start should 
be approximately 100 drops per minute When the greater part of the water has 
distilled over increase the distillation rate to 200 drops per minute until no more 
water is collected Purge the Teflux condenser during the distillation with 5 ml 
portions of xylene (or toluene) to wash down any moisture adhering to the nails 
of the condenser The water in the receiver may be made to separate from the 
xylene (or toluene) by using a spiral copper or fvichrome wire Move the wire up 
and down in the condenser occasionally thus causing the water to settle at the 
bottom of the receiver Reflux for at least 2 hours and shut off the heat at tie 
end of this period 

Wash down condenser with 1 ml of absolute ethanol (CH 3 CH 2 OH) Adjust the 
temperature of the distillate to 20“C and read the volume of watei 
Comments on Above Methods —Usual]) the sum of the alcohol soluble material 
alcohol insoluble material and volatile matter will add to 100% When this does 
not occur decomposition of the sample during analysis should be suspected When 
organic solvents are present moisture by distillation will differ from volatile mate 
rial determined by oven drying These volatile materials may be determined by a 
distillation procedure which follows 

VOLA1 ILE SOLVENTS 

Apparatus Glass Distillation Apparatus, constructed in accordance with the 
specifications shown m the illustration Fig 45 1 
Flask, 500 ml short neck round bottom type 
Water Cooled Condenser 

Traps for solvents heavier than water constructed of well annealed glass an 
graduated to contain 5 ml at 20°C It shall be subdivided into 01ml divisions 
with each 1 ml line numbered and the 5 ml line at the top The error at any 
indicated capacity shall not exceed 0 05 ml 
Calibrate the receiver by the following procedure add ca 1 g of distilled water 
to a mixture of 80 g of xylene and 10 g of oleic acid Conduct the distillation as 
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described in A.O.C.S. Official Method F la-44. Calibrate the receiver up to its 
maximum capacity at intervals of I ml. 

Traps for solvents lighter than water constructed of well-annealed glass and 
graduated to contain 5 ml. at 20°C. It shall be subdivided into 0.1-ml. divisions 



with each 1-ml. line numbered and the 5-ml. line at the top. The error at any 
indicated capacity shall not exceed 0.05 ml. 

Calibrate the receiver by the following procedure: Insert a one-hole stopper con- 
taining a short piece of glass tubing into the lower opening of the trap. Attach a 
separatory funnel to the glass tube by means of rubber tubing. Fill the funnel 
with dichloroethyl ether or some other liquid heavier than and nonmiscible with 
water, open the stopcock and raise die funnel carefully until the liquid flows into 
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iht receiver 10 approximately the 0 3 ml mark Introduce exactly l ml ot nn n 
with a pipet into the graduated arm followed by a drop of ptne oil to protect th c 
surface from evaporation Measure the volume of the water in the tube R llx 
the level of the salient in the graduated tube ca 1 ml by raising the funnel acd 
again read the volume in the graduated tube Continue in this manner until the 
entire tube has been calibrated 

Heat Source, either an oil bath such as stearic acid or paraffin wax or an electnc 
heater provided with a suitable means of control 

Glass Beads or Pumice Stone. 

Procedure —Introduce ca 50 ml of distilled water into the distillation flask and 
a sufficient amount of the sample to yield ca i ml of solvent, Thu is convemtmh 
done with a weighing bottle 

In the case of highly volatile solvents, it is preferable to remove the top ol the 
weighing bottle and to drop the bottle and contents into the distillation flask 

If cresylic ldd is present, the size of sample should be such as to yield ca 25 ml 
of solvent and add ca 1 5 ml of pine oil, exactly weighed to the distillation fU«i 
to reduce the gravity of the distillate 

Neutralize the solution rapidly with alkali ca 1 N, until slightly alkaline to 
plienolphtlialcin— the latter preferably added a s powder Add 2 g of Na 2 C0 3 and 
enough CnGl„ to prevent foaming (usually 3 to 5 g) and some glass beads and 
pumice stones to prevent bumping 

Attich the receiver to the condenser and fill the receiver with water by pourin* 
through the condenser Immediately attach the distillation flask and begin tl« 
distillation 

Heat at such a rate that the refluxing will start 7 to 10 minutes after the beat t» 
applied the water being at room temperature initially Read the volume of solvent 
collected in the receiver 2 hours after refluxing starts and every hour thereafter 
until the test is complete The test is complete when live volume ol solvent in 
creases by not more than 0 1 ml in any two consecutive hour periods The source 
of heat is removed from the distillation flask and the latter cooled for evaoh 
3 minutes before taking readings 

The distillation is continued for an additional 15 to 30 minutes with the water 
m the condenser tube emptied as an additional precaution 

After completion of the test, allow to stand for at least 40 minutes in order w 
cool to approximately room temperature and to allow the distillate to settle tleaih 
and then read the volume of solvent 

Remove ca 2 5 ml of solvent from the receiver with a pipet and determine the 
specific gravity in a 2 ml pycnometer In the case of solvents heavier than water 
the former is separated by means of a small separatory funnel 

Calculation — 

Water-immiscible organic solvents, % 



Weight of sample 

Notes —In the presence of water miscible solvents (such as alcohol) that arc also wnahk 
with the water immiscible solvents some of the former will be found w the solvcn 
When there is an appreciable difference in the boiling points and gravities of the 
of solvents they may be separated qualitatively by a fractional distillation and t C P 
ties of the fractions determined, from which together with the gravity of the sol»c» 
the amount of water immisctble solvents may be calculated 
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In the case of pine oil or cresylic acid mixed with alcohol, the latter may be volatilized 
by heating over a hot plate with constant stirring to a temperature of ca 150°C., after 
which the gravity of the residue is determined. The quantity of the water-immiscible 
solvent may now be calculated as in the previous procedure. This method may be applied 
to all such mixtures where there is a considerable difference in boiling points and gravities 
and the gravity of one of the solvents is known. 

When there is a difference in the gravities but not in the boiling points and the gravity 
of the water-miscible solvents is known, the water-immiscible solvent is extracted with 
ether over water, the ether evaporated, and the gravity of the residue determined. In this 
procedure it is assumed that the boiling point of the water-immiscible solvent is consider- 
ably higher than that of ether. In all other cases, to obtain the water-immiscible solvent 
it will be necessary to resort to a quantitative fractional distillation or to chemical means. 

With samples yielding distillates that are both heavier and lighter than water, the 
distillation is first made with the trap for solvents heavier than water and, after flushing 
all the solvent floating on top of the water layer back into distillation flask and substitut- 
ing the trap for solvents lighter than water, the distillation is continued to completion. 


METHODS FOR ACTIVE INGREDIENT AND OTHER ALCOHOL- 

SOLUBLE MATERIAL 

The alcohol-soluble material in most detergents will contain, as indicated in the 
general analytical scheme, the active ingredient such as soap or synthetic, organic 
builders, sodium chloride, potash inorganic salts, and other organic materials which 
are present as impurities or by-products of the preparation or synthesis of the active 
ingredient. The type or types of active ingredients should be determined qualita- 
tively before any analysis is started. This is best accomplished by means of infra- 
red analysis which will not be described here for lack of space. Any good text on 
infrared analysis may be consulted. 

If infrared equipment is not available, ttvo simple tests can be conducted. 
Dissolve a portion of the alcohol-soluble material in water and acidify. If the 
active ingredient is a fatty acid salt (soap) the solution will no longer form suds 
and fatty acids will separate; if the active is not soap, sudsing will continue and no 
fatty material will separate. If both soap and synthetics are present, sudsing will 
continue and fatty acid will also separate. If non-soap active is present, it can be 
identified as anionic, cationic or non-ionic by titration with either a cationic or 
anionic solution using methylene blue in chloroform as an indicator. This method 
which follows can be interpreted in this way: if an anionic (other than soap), it 
will be titrated by a cationic solution, if cationic in nature, it can be titrated by 
the anionic solution and if non-ionic, it will not be titrated by either the anionic 
or cationic reagent. 


ACTIVE INGREDIENT AND EQUIVALENT COMBINED S0 3 3 

This method is based on the fact that when equivalent amounts of a cationic and 
anionic detergent are present in a two-phase mixture of water and chloroform, 
methylene blue will color the two phases to the same degree. Sodium alkyl benzene 
sulfonate and sodium alkyl sulfate or other anionic detergent, either separately or 
in mixtures, can be titrated with a standard solution of cetyl trimethyl ammonium 
bromide. Likewise cetyl trimethyl ammonium bromide or other cationic material 
can be titrated by sodium alkyl benzene sulfonate. The titration is calculated to 

3 Barr, Oliver & Stubbings, JSCI, 67, Feb. 1948, p. 45. S. R. Epton, Trans. Farad. Soc., 
Vol. XL1V, Part 4, April, 1948, p. 226. 
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combined SO s The ultimate standard for the determination is alkyl benicrc 
sulfonate ot alkyl sulfate ta which, combined S0 3 content has been castfolty 4 etei 
mined by die Parr bomb method and other analyses Disulfonated alkyl bentere 
is not titrated 

Interferences —Large amounts of sodium chloride destroy the sensitivity of the 
end point and should be avoided The method will not work in the presence ol 
sodium iodide or ammonium thiocyanate 
Reagents Anionic Detergent —Alkyl benzene sulfonate or alkyl sulfate Obtain 
as standard an alkyl benzene sulfonate or alkyl sulfate of known combined SO, or 
acme content 

Cationic Detergent —Cetyl tnmethyl ammonium bromide (Eastman Tech 
ho ToGoO) This reagent is known as Cetab Caution' In solid form or in 
concentrated solution quaternary ammonium halides are irritating to tl e skin and 
mucous membranes though in the dilute solution employed in this method Cetab 
is not harmful 
Chloroform —A C S Spec 

Methylene Blue Indicator —Dissolve 01 g methylene blue (Eastman P 573 or 
equivalent) in 100 ml distilled water Transfer 30 ml of this solution to a I 
liter volumetric flask Add 500 ml distilled water 6 8 ml concentrated sulfur c 
acid 50 g NaH I’Q 4 H O and shake until solution is complete Dilute to tie 1 
liter mark and mix thoroughly 

Apparatus Viewing Cabinet —Metal 6 x7 x 12" with special color interior 
Constructed so the cylinder is viewed at about a 75° angle in order to eliminate 
reflected highlights 

Burets (2) —One for aniotuc and l or more for canonic detergent solution These 
ire preferably 2 j ml burets connected to a reservoir Burets tub gravity feed 
give less trouble with foam on the meniscus (J 697 from Scientific Glass Apparatus 
Co is an example ) 

Beakers —As necessary 

Titration Vessel — Fyrex glass test tube 25 x 300 mm with S 24/40 outer joint 
Similar to catalog No M 35 900 (H S Martin &. Co 1916 Greenleaf Street tvai s- 
ton III ) except longer Special order required 
Glass Stopper —Full length S 24/40 hollow penny head Catalog No MSI 000 
(H S Martin fL Co) 

Volumetric Flasks —As necessary 

\\ eighing Bottle — ror liquids (especially those readily volatile) a weighing bottle 
and catchweight should be used 
Pipet —10 ml calibrated 
Graduated Cylinders —10 ml 25 ml 

Preparation of Anionic and Cationic Solutions Solution 1 —Weigh 1 5 A 0001 
g of cetyl tnmethyl ammonium bromide into a 250 ml beaker add 100 ml ofdv 
tilled water and stir until dissolved Transfer quantitatively to a 1 liter vchyrott * 
flask and make to volume Mix thoroughly Standardize against Solution - 
lowing the procedure given for the sample under Operation 


N of solution 1 


Ml of solution 2 X N of solution 2 
Ml of solution 1 


Solution 2— Weigh to ±0 001 g a sample of standard alkyl benzene sulfonate 0 
alkyl sulfate of a size to give exactly 0 320 g of combined S0 3 into a 2 j 17 
beaker Dissolve m 100 to 200 ml warm distilled water Transfer quantitative; 
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to a 1 -liter volumetric flask and make to volume with distilled water at room tem- 
perature. Mix thoroughly. This is the primary standard against which Solution I 
is standardized. Solution 2 is 0.004 N in SO g . 

Solution 1 should be checked against Solution 2 at least weekly and Solution 2 
should be renewed monthly. 

Procedure.— Weigh accurately a sample of sufficient size to give approximately 
0.320 g. of combined S0 3 into a 250-ml. beaker. Sample size is critical. (See 
Notes.) (Grams sample = 32/% SO s expected.) Use about 700-800 ml. warm, 
distilled water to transfer quantitatively to a 1-liter volumetric flask. Warm on 
steam bath and shake gently until sample is dissolved and solution is clear. Cool, 
dilute to mark with distilled water and mix thoroughly. 

Pipet 10.0 ml. of the sample from the volumetric flask into a 100-mi. glass titra- 
tion vessel. Add 25.0 ± 0.5 ml. of methylene blue solution and 10.0 ± 0.5 ml. of 
chloroform to the cylinder. (See Notes.) Titrate with Solution 1 to the correct 
end point, rocking the cylinder carefully after each addition to avoid emulsions 
and maintaining temperature within prescribed limits of 70° to 90°F. by immersion 
in water if necessary. As the end point is approached, the rate of transfer of color 
increases and Solution 1 must be added dropwise with vigorous shaking after each 
addition. If the approximate titration is known, 80% of the required titrating 
solution should be added before shaking since this avoids emulsion trouble. Appli- 
cation of vacuum to the titration cylinder may help to break some emulsions. 

After the first few additions, the blue color concentrates entirely in the chloro- 
form layer, but as the titration proceeds, there is a slow transfer of the color to 
the water layer. The end point is reached when both layers have the same color 
intensity when observed in the viewing cabinet. The use of the viewing cabinet 
is necessary in both standardization and titration of samples. The end point is 
very sharp and 0.05 ml. will cause a distinct change in color distribution at (or near) 
the equivalence point. If the end point is overshot, a ml. or more of Solution 2 
may be added and the sample again titrated with Solution 1. 

The total volume of Solution 1 to be used in the calculation must be corrected 
by subtracting the equivalent volume of Solution 1 corresponding to the amount 
of Solution 2 used. The corrected volume of Solution 1 is T. (See Notes.) The 
final end point should always be approached from the same direction. 

Calculation.— 


T X N X 8.0 

Per cent Combined SO 3 = — : — ; — : — 

Wt. of sample in the aliquot 

■When a 5.0-g. sample is used and the normality of Solution 1 is 0.004: 
Per cent Combined SO 3 = T X 0.64. 


where T = ml. Solution 1 corrected for any Solution 2 used. 

N = Normality of Solution 1. (Should be calculated to at least 3 significant figs.) 


Per cent Active = per cent Combined SO 3 X 


Mol. Wt. of Active 
80 


Notes.— The volumes of methylene blue solution and chloroform may be changed if 
found of advantage and if the same volumes are used in standardizing the reagents. Solu- 
tions 1 and 2. 

The titration T should be as near 10 ml. as possible, preferably 8 to 12— never outside 
5 to 15 ml. 
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SOAPS HIGH IN COCONUT OIL 

If desired, this method may be used for any soap. It is often called the "soda 
soap” method. 

Procedure .— Proceed with the extraction as given above, except that the ex- 
tracts are collected in a 250-ml. beaker or Soxhlet flask. Partially evaporate the 
ether to not less than 50 ml. on the edge of a steam bath and add 50 ml. of hot, 
neutral alcohol redistilled ovei caustic. Add several drops of phenolphthalein indi- 
cator and titrate with 1 N NaOH to exact neutrality. Evaporate on the steam bath 
to dryness, and while the soap is in the form of a thick paste, swirl the beaker on 
its side, thus distributing the soap in a thin layer along the sides and bottom of 
the beaker. 

Dry to constant weight in an oven at 105° ± 2°C. After a preliminary drying at 
105°C. for an hour, drying may be continued at 150°C. On removal from the oven, 
cool in a desiccator and weigh as soon as cool. 

Correct for neutral salts in the caustic solution by determining the amount of 
salt per ml. by neutralizing 20 ml. of 1 N NaOH with 1 N HC1 using phenol- 
phthalein indicator and drying the residue to constant weight at 105°C. From the 
weight of the residue found, subtract the weight expected if the reagents had been 
100% pure. The difference divided by 20 gives the correction per ml. for neutral 
salts. Subtract the product of the total fatty acid titration times die factor (0.022) 
plus correction for neutral salts from the weight of soda soap to obtain total fatty 
acids. 

If the soap is a cold process soap containing superfat, i.e., unsaponified fat, and 
total fatty acids are required, it will be necessary to treat the sample after dissolv- 
ing in water with 5 ml. (or more) of 50° Be caustic potash solution. The solutions 
should be mixed thoroughly. With cover glass on the beaker, place over an open- 
ing in a steam bath, saponify for one hour with occasional stirring. Acidify with 
an excess of dilute H 2 S0 4 (1:4) and proceed as above. 

If the real soap in a soap containing superfat is desired, it will be necessary to 
determine the superfat including free fatty acid and unsaponifiable matter and to 
correct the total fatty acid as determined without further saponification. 

UNSAPONIFIED AND UNSAPONIFIABLE MATTER 

Apparatus and Reagents— The extraction cylinder used is a 250-ml. glass-stop- 
pered cylinder about 35 mm. in diameter and 300 mm. high. The solvent used is 
petroleum ether which should be of the pentane type, containing a minimum 
amount of iso-pentane, iso-hexane and hexane and conforms to AOCS Specification 
H2-41. 

Distillation Test. 4 — Initial boiling point— not less than 35°C. nor over 38°C. 

Dry flask end point— not less than 52°C. nor over 60°C. 

At least 95%, distilling under 54°C. 

Not over 60%, distilling under 40 °C. 

Specific gravity at 15. 5°C.— 0.630 to 0.660. 

Color— water white. Doctor test— sweet. 

Evaporation residue— not over 0.0011% by weight. 

Copper strip corrosion test, ASTM— D130-56— Noncorrosive (p. 1999). 

Unsaturated Compounds— trace only permitted. 

4 Distillation test to be made accoiding to ASTM Method D216-32. 
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Procedure — U cigh a 5 ± 0 01 g simple into a 250ml beaker Add 100 nloi 
50% redistilled ethyl alcohol W T arm and stir to effect solution keeping the tea 
perature under 60"C Filter off any undissolvcd residue on a Gooch crucible 
in asbestos or paper pad into an extraction cylinder Wash 3 times with hot aO 1 * 
alcohol and then with 5 ml of hot 95% alcohol Complete the washing wah ) 
small amount of petroleum ether 

Make the volume of solution in the cylinder up to the 160 ml nnrl with tc 
distilled alcohol Add 50 ml of petroleum ether Stopper with a rubber sioppa 
which his been soaked in petroleum ether overnight to remove soluble mute: 
Shake vigorously for one minute and allow to settle until both hyers arc dor 
The volume of the upper layers should be about 40 ml Draw off the pctrolnn 
ether layer as closely as possible by means of i slender glass siphon into a 500 rcL 
j>cir shaped separatory funnel containing 25 ml of 10% alcohol containing a few 
drops of plvcnolphthalein Tike special care that none of the alcohol soap hvn n 
drawn off Repeat the extraction at least 6 times using 50 ml of petroleum etlei 
each time Draw ill theextnets into the same scpintory funnel When extraction 
is completed stopper the separatory funnel and shake vigorously for 0 5 minute to 
wash tilt extnet Dr iw off the alcohol layer md swirl the funnel to collect any dr j « 
of the washing solution at the bottom Continue washing with two 5 ml potuotu 
of 10% alcohol until the extract is free from alkali and soaps as shown by ffe 
absence of color in the alcohol layer Transfer the washed extracts to a urrd 
150 ml Soxlilet llask and rinse the separatory Iunnel several times with petrolctin 
ether Ev iporatc the solvent in a gentle current of dry air on the sttani bull 
Dry in an oven at 10a‘C for 15 minutes Cool uid weigh Dissolve the rmluc 
in 50 nil of warm ethyl alcohol neutralized to phcnolplulnlein titrate to the simc 
color as the original ncutril alcohol with 004 A sodium hydroxide soluumard 
ealculitc lo oleic acid Deduct this figure from the gross weight of the roiluc 
previously found Any blank residue Irom tilt petroleum ether must also be de 
ducted from the weight of the residue Report results as Unsaponificd and In 
saponifiable Matter 


UlsS \POMFIAIiLE MATILR 

Procedure —Weigh 5 ± 0 01 g of the sample into i 200 ml I rlciimcyer flail l'* 
30 ml of redistilleii 95% ethyl alcohol and add 5 ml of 50% aqueous KOIf 
the mixture one hour under a reflux condenser Transfer the solution to tie o 
traction cylinder and wash the flask with 95% redistilled alcohol to the 40 mL 
mirk Complete the trimftr first with warm md then cold water until lie t° u 
volume is 80 ml Then wash the flask with a smal 1 quantity of petroleum etlrf 
(-ool tht cylinder and contents to room temperature Add 50 ml of petroleum 
ether and proceed with the extraction as outlined under Unsaponified and In 
saponifiable Matter 

Weigh the residue and correct for fatty acids Repon the result as Uusapoe 
• bit Matter Deduct tht unsiponifhhlt result from that of tht imsapomlird if 
un saponifiable and report the difference as Unsaponificd Matter 

For soips containing lanolin many more extractions for Unsaponificd an ^ 
saponifiable Matter will be required for complete removal For any sample l * 
ough and vigorous sinking is necessary in order to bring the two phases m'° 
most intimate contact possible 
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FREE ALKALI OR FREE FATTY ACID 

The methods outlined will not give absolutely accurate results for free alkali, 
but will give results sufficiently accurate for control or practical soap analyses. 
The accuracy is probably close to ±.01% Na a O. 

WHEN “BUILDERS” (OR FILLERS) ARE LOW IN AMOUNT 
AND ARE NOT DETERMINED 

Procedure.— Weigh a 20-g. sample (±.05) rapidly and transfer to a 500-ml. Erlen- 
meyer flask containing 100 ml. of hot, neutral 95% alcohol. Cover the flask with 
a watch glass and dissolve the soap as rapidly as possible by heating on the steam 
bath. Add a few drops of phenolphthalein and titrate rapidly with 0.25 N H 2 S0 4 
without filtering. Take the first end point, disregarding any subsequent return 
of color. Calculate to free Na 2 0 (or NaOH) or K 2 0 (or KOH) as the character of 
the soap indicates. If the alcoholic solution is acid to phenolphthalein, titrate 
with 0.1 N NaOH and calculate the percentage of free fatty acid as oleic acid, or 
lauric acid if coconut soap. Save the solution for determination of carbonates. 

WHEN “ BUILDERS " ARE DETERMINED 

Procedure — Weigh a 10 ± .02-g. sample and dissolve in 200 ml. of hot, neutral 
95% alcohol. Filter through a 9-cm. filter paper into a 500-ml. Erlenmeyer flask 
and wash the tesidue three times with hot, neutral 95% alcohol. Protect from 
C0 2 and other acid fumes during filtration. If the soap contains borax, or phos- 
phates, it can be washed with alcohol indefinitely without removing the apparent 
alkalinity. Cover the flask with a watch glass and heat to incipient boiling. 
Titrate with 0.25 N H 2 S0 4 and report as free Na a O (or NaOH) or free K 2 0 (or 
KOH) as the character of the soap indicates. If the alcohol is not pink, titrate 
with 0.1 N NaOH and report free fatty acid as oleic acid. 

If potassium carbonate is present, the free KOH results will be high due to the 
solubility of K 2 C0 3 in the alcohol. For liquid soaps containing free KOH and 
K 2 COg the following procedure has given satisfactory results: Weigh a 20-g. sample 
of the soap solution into a 500-ml. Erlenmeyer flask. Add 10 g. of neutral dry 
salt. Mix die salt with the soap thoroughly by shaking. Allow to stand 10 min- 
utes coiered by a watch glass. Add 20 ml. of hot, neutral 95% alcohol. Shake 
thoioughly and place on the steam bath for 10 to 15 minutes, shaking occasionally. 
Filter through a neutral filter paper moistened with neutral alcohol into anothei 
500-ml. Erlenmeyer flask. Retain most of the insoluble in the flask, if possible. 
Wash with 25 ml. of hot alcohol, pouring around the top of the paper so as to 
wash the paper at the same time. Give the paper a slight additional wash with 
neutral alcohol after the first has drained through. Allow to drain. Titrate with 
0.25 N or 0.5 A r acid, and from this calculate free K 0 0. 

TITER TEST 

Preparation of Total Fatty Matter (Fatty and Rosin Acids and Unsaponifiable 
Matter).— Dissolve 20 0 g. of soap in 200 ml. of water in a 1-liter Erlenmeyer Bask, 
add 20 ml. of 1:3 sulfuric acid and heat until the fatty matter collects in a clear 
layer. 

The flask should be covered with a watch glass. Much time is saved by placing 
the sample in a 1 -liter beaker and using a motor-driven stirrer to keep constant 
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agitation Siphon off the acid water layer and decant die fatty matter throu«h 1 
dry filter paper into tall form lipless 180 ml beaker If droplets of water can be 
seen refilter the fatty acids through a dry filter paper 

Procedure —A standard titer thermometer (AOCS Specification H6-40) gradu 
ated it zero and m tenths degrees from 10° to fio'C is used or in 20 from -2 c. 
to 66°C It should be certified by the United States Bureau of Standards or cart 
fully standardized against a certified thermometer Special thermometers (gradu 
ated in tenths degree Centigrade) in 20°C ranges from 0°-80°C may be used 

After the fatt) acids are dry cool carefully by immersing m and out of water at 
about 17°C until a cloud begins to form stirring continuously with the ther 
mometer (about 150 rpm) so that no crust forms on the sides or bottom of tie 
beaker Care must be taken not to cool too rapidly or low results will be obtained. 
Hold the beaker in the air and continue stirring more slowly (about 100 rpm.) 
until the mercury remains stationary for 30 seconds or begins to rise within that 
time \\ ipe the outside of the beaker dry and carefully place the beaker and to 
tents in a suitable container (air jacket) submerged in water or in ice salt water 
mixtures when necessary maintained at a temperature of 10°C below the titer 
For titers a bote 50°C the temperature should be 20°C Allow the thermometer 
to lung without any disturbance with the bulb in the center of the fitly acids and 
follow the thermometer readings Record the highest point to which the mercury 
rises as the titer of the fatty acids 

When not enough soap or fatty matter is available the official method of tie 
AOCS DaI3-48 should be used This method which differs slightly in details 
and requires less fatty acids may also be used on the fatty acids obtained in lie 
ibo\e procedure 


IODINE VALUE 

The iodine value is determined on the fatty matter obtained in the above proce 
dure for titer test by the AVijs method If rosin is present this method cannot be 
used 5 * * 8 

Reagents Wijs Iodine Monochloride Solution See p 1439 
Sodium Thiosulfate, Standard 0 I N 
l’otasstum Iodide Solution 5% 

Chloroform U S P 
Starch Indicator 

Procedure— Weigh exactly a sample of such size that at least 100% to 150% of 
the amount of iodine absorbed remains in excess on a watch glass and transfer to 
a clean dry 500 ml glass stoppered bottle washing the watch glass thoroughly tuth 
20-30 ml of chloroform Add 2o ml of iodine monochloride and at the same lime 
prepare a blank with the same amount of chloroform and iodine monocl londc 
Mix the contents gently and immediately put the bottles m a dark place at * 
temperature of 75®-90*F for exactly 30 minutes Add 20 ml of a% potass in 
iodide to the sample and blank followed at once by 100 ml of water Titrate tutb 
0 1 N sodium thiosulfate using starch solution as an indicator Do not add stanh 
until the solution has a pale straw yellow color Toward the end of the react on 

5 In case the iodine value must le obtained on samples containing rosin a 

sample is dissolved in 20 ml of glacial accuc acid and 20 ml chloroform in the g 

stoppered bottle Immerse the bottle in water at a temperature of 2I-5* “ “91" •- 

30 minutes Add the kVijs solution as above and maintain the temperature at 
22-5 <l C for one hour Other operations are the same as above 



SOAPS AND DETERGENTS f 2293 

stopper the bottle and shake violently. The number .of cubic centimeters of 
standard thiosulfate solution used for the blank minus, the amount used for the 
sample, gives the thiosulfate equivalent of the iodine absorbed by the amount of 
sample used in die determination. Calculate to per cent iodine absorbed. Me- 
chanical agitation using a small variable-speed motor attached to a glass stirrer is 
an advantage. It is necessary to use a wide-mouth glass-stoppered bottle. 

SAPONIFICATION VALUE 

Procedure.— Weigh exactly a 5-g. sample of the fatty matter obtained in the titer 
determination and wash into a 300-mi. Erlenmeyer flask with hot, neutral, redis- 
tilled 95% alcohol and add 50 ml. of an approximately 0.7 N alcoholic-potash 
solution. Prepare a blank in the same manner, omitting the sample. Insert a 
funnel in the neck of the flask and saponify for exactly one hour, swirling die 
contents occasionally. Cool quickly and titrate at once with 0.5 N hydrochloric acid, 
using phenolphthalein indicator. Calculate the milligrams of potassium hydroxide 
required to saponify one g. of fat by multiplying the difference between the blank 
and sample titrations by 5.61 and report as saponification value. 

FREE GLYCEROL 
(Iodometric-Periodic Acid Method) 

A pparatus. Buret.— 50-ml„ accurately calibrated. 

Magnifier.— Meniscus, suitable to permit reading the buret to 0.01 ml. 

Flask.— Volumetric, 1-liter glass-stoppered is preferred, but regular volumetric 
flasks and rubber stoppers may be used. 

Pipets.— Volumetric, 10-ml., 25-ml., 50-ml., and 100-ml. The 25- and 50-ml. pipets 
must conform to Bureau of Standards tolerances and be accurately calibrated to 
deliver 25 and 50 ml., respectively. 

Electric Stirrer.— Variable speed with glass stirrer. 

Reagents. Periodic Acid (H-IO 0 ), Reagent Grade.— Manufactured by G. Fred- 
erick Smith Chemical Company, Columbus, Ohio, or equivalent. 

Soluble Starch.— Test for sensitivity: Place 2 ml. of starch indicator solution in 
100 ml. of distilled water and add 0.05 ml. of 0.1 N iodine solution. The deep blue 
color produced must be discharged by 0.05 ml. of 0.1 A 7 sodium thiosulfate. 

Chloroform.— U.S.P. or reagent grade. Blank tests run on periodic acid with and 
without 50 ml. of chloroform must check within 0.5 ml. If they do not, get a new 
supply of chloroform. 

Potassium Dichromate, A.C.S. Grade.— The potassium dichromate is finely ground 
and dried to constant weight at ca 110°C. before using. Note: A standard sample 
of potassium dichromate with a certificate of analysis may be obtained from the 
National Bureau of Standards, Washington, D. C. This sample is strongly recom- 
mended as the primary standard for this method. Treat as directed in the certifi- 
cate of analysis accompanying the sample. 

Periodic Acid Solution.— Dissolve 5.4 g. of periodic acid in 100 ml. of distilled 
water and then add 1,900 ml. of glacial acetic acid and mix thoroughly. Store the 
solution in a dark, glass-stoppered bottle or store in the dark in a clear, glass-stop- 
pered bottle. 

Sodium Thiosulfate Solution, 0.1 A 7 . -Dissolve 24.8 g. of sodium thiosulfate in 
distilled water and dilute to 1 liter. Standardization: Pipet 25 ml. of the standard 
dichromnte solution into a 400-ml. beaker. Add 5 ml. of hydrochloric acid, 10 ml. 
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of potassium iodide solution and rotate to mix Allow to stand for 5 minutes aid 
then add 100 ml of distilled water Titrate with sodium thiosulfate solution 
stirring continuously until the yellow color has almost disappeared Add 1 to 2 
ml of starch indicator solution and continue titration adding the thiosulfate 
solution slowly until the blue color has just disappeared The strength of the 
thiosulfate is expressed in terms of its normality 

2 5 

Normality of Na S->Oj solution = -rr- — — -p- — — ; — - — — 

Ml sodium thiosulfate solution required 

Potassium Iodide Solution —Dissolve 150 g of potassium iodide in distilled water 
ind dilute to 1 liter 

Starch Indicator Solution —Make a homogeneous paste of 10 g of soluble stare! 
m cold distilled water Add to this 1 liter of boiling distilled water stir rapidly 
ind cool Salicylic icid (1 25 g per liter) may be added to preserve the indicator 
If long storage is required the solution must be kept m a refrigerator at 4* to 
1G°G (40* to 50 F) Fresh indicator must be prepared when end point of the 
titntion from blue to colorless fills to be sharp 
Standard Potassium Dichromate Solution 0 1 A —Dissolve 4 903a g of finelv 
ground and dried potassium dichromate in distilled water m a 1 liter volumetric 
flask and make up to volume at 25’C 

Procedure —Weigh approximately 10 g of sample to the nearest 001 g 
Add 91 ml of chloroform me isured from a buret to within ±0 2 ml to a l liter 
volumetric flask Then add with i graduate 25 ml of ghcial acetic acid 
Transfer the sample quantitatively to the volumetric flask and add approximate!) 
500 ml of distilled water Stopper and shake until sample is dissolved If the 
soap does not react readily warm contents of the flask ind shake If warmed cool 
to room temperature before proceeding 

Add distilled water to mark stopper and mix thoroughly by inverting set aside 
until the aqueous and chloroform layers separate 
Pipet 50 ml of periodic acul reagent into a series of 400 ml beakers Prepare 
two blanks by adding 100 ml of distilled water to each 

Pipet 100 ml of the aqueous solution into a 400 ml beaker containing 50 ml 
of periodic acid reagent shake gently to effect thorough mixing Cover with a 
watdi glass ana allow to stand 30 minutes 

Add 20 ml of kl solution mix by gently shaking allow to stand at least J mm 
ute but never more than 5 minutes before titrating Do not allow to stand in 
"bright or direct sunlight 

Dilute to approximately 200 ml with distilled water and titrate with 01 ^ 
Na»S O a solution Use the variable speed electric stirrer to keep the solution 
thoroughly mixed Continue the titration to the disappearance of the brovm 
iodine color Add 2 ml of stirch indicator solution ind continue the titration to 
the disappearance of blue lodo starch color 
Read the buret to 0 01 ml 
The blanks ire handled exactly like the sample 

If the titration of the sample is less than 0 8 uf the titration of the blank repea 
test using smaller portions (50 25 10 and 5 ml) until the titration of the samp 
is more than 0 8 of that of the blank If 10 (or less) ml of sample so utl0n ^ 
necessary to bring within limit required above repeat starting at the begin" o 
with a smaller sample 2 g or less 
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Calculation.— Report the free glycerol to the nearest 0.1%. 


, (B - S) X N X 2.302 

Free glycerol, per cent = — 

where B = titration of blank 
S = titration of sample 
N = normality of Na 2 S 2 C >3 solution 

W = weight of sample represented by aliquot for procedure 


W = 


weight of sample X ml. used in test 
900 


Notes— Samples may be allowed to stand 1.5 hours at room temperature before titrating, 
but never longer. Do not allow to stand in bright or direct sunlight. 

Cork stoppers must never be used where periodic acid can come in contact with them. 

If soap contains more than 10% moisture, adjust the amount of chloroform added so 
that total volume of fatty acid and chloroform will equal 100 ml. ± 1 ml. 

If aqueous phase is alkaline due to large amounts of builder in the soap, add H2SO4 
sp. gr. 1.84 in 0.5-ml. increments until solution is definitely acid to litmus. 


TESTS FOR SYNTHETIC DETERGENTS 

If preliminary tests have shown the presence of a synthetic detergent and the 
presence of soap as well, the soap can be determined in the alcohol-soluble material 
by extracting the fatty acids from an acidulated alcohol-water solution and weigh- 
ing of the extracted fatty acids which must be corrected for any unsaponifiable 
material present. The synthetic detergent can be identified and determined in 
the alcohol-water heel from the extraction. The problem is simplified if soap is 
not present since the tests for synthetics can then be made directly on the alcohol- 
soluble portion of the sample. 

Since organic builders will also be in the alcohol-soluble matter, it is important 
to determine if possible the nature of these builders by infrared examination before 
any attempt is made to further identify and assay die active ingredient. At this 
point qualitative tests for such elements as sulfur and nitrogen are in order. With 
these tests and the determination of the cationic SO a by titration, a reasonable 
guess as to composition may be possible. Confirmation of these guesses can then 
be carried out. Two of the most common anionic detergents are the alkyl sulfates 
and the alkyl benzene sulfonates. These two materials will be used as examples 
in the following tests. 

UNSULFONATED OR UNSULFATED MATERIAL 

The unsulfonated material from sodium alkyl benzene sulfonate will be alkyl 
benzene and the unsulfated from alkyl sulfate will be fatty alcohol. Both are low 
volatile materials and may be lost totally or in part during the alcohol separation, 
hence for an accurate determination the analysis should be carried out on the 
original sample, for a correction to the alcohol-soluble material, the analysis must 
be made on the alcohol-soluble portion itself. 

Reagents. Alcohol, No. 30 or 3A denatured. 

Potassium Hydroxide, 48 to 50 Be. 

Petroleum Ether, A.C.S. grade. 

Sodium Dihydrogen Phosphate (NaH 2 P0 4 ), reagent grade. 

Apparatus. Extraction Cylinder, 250 ml. 
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Separatory Funnel, 250 ml 
Soxhlet Flask, 150 ml 

Procedure —Weigh a suitable sized sample of the product Dissolve in about 
50 ml of hot alcohol transfer to a 2o0 ml extraction cylinder using sufficient 
alcohol to bring the volume to 80 ml Add K.OH sufficient to make distinctly 
alkaline V. hen the product is liquid or paste wash from the weighing dish iwth 
hot alcohol until the volume of alcohol equals 80 ml Then continue washing 
with hot water Add sufficient water to bring to 150 ml mark Coot well belo 
the boiling point of the solvent 

Extract with petroleum ether at least 5 times using 50 ml portions Shake each 
extraction vigorously for 05 minute Allow to settle well between extractions 
Addition of a few grams of NaH 2 I’0 4 crystals will eliminate emulsion troubles 
(NaH 2 P0 4 should not be used if any kind of soaps are present) Draw off the 
petroleum ether layers into a small separatory funnel Add 30 mi distilled water 
and shake to mix the two layers Draw off the water layer Transfer the petroleum 
ether layer to a tared 150 ml Soxhlet Evaporate in a gentle current of dry oil 
free air on top of the steam bath until no ckIot of petroleum ether remains The 
Soxhlet must be removed at once as soon as petroleum ether has evaporated A 
white mist m the neck of the Soxhlet is often noticeable when the solvent has 
evaporated Prolonged heating must be avoided because the residue is readily 
volatilized Cool m a desiccator and weigh 
Calculations — 

t r ir , , VVt of residue X 100 

Per cent Unsulionated or Unsulfated in sample =* — ; — ; ; 

r Wt of sample 

When alcohol soluble is used 

Per cent Unsulionated or Unsulfated in alcohol soluble original sample basis 

Wt of residue X % alcohol soluble 

Wt of sample (or equiv wt of aliquot) alcohol soluble bass 

ESTER SOj 

The determination of Ester S0 3 is dependent upon the hydrolysis of the sulfate 
ester and subsequent measurement of the H 2 S0 4 formed If no interfering sub 
stances are present the H 2 S0 4 can be determined by titration If however other 
hydrolyzable substances are present in the sample the H 2 S0 4 must be precipitated 
with BaCU after the removal of organic matter and weighed as BaS0 4 In general 
when S0 3 is to be determined by titration the original sample should be used 
although the alcohol soluble portion of the sample may be used When a g™’ 1 
metric $0 3 is necessarv the determination must be run on the alcohol soluble 
portion 

Reagents Hydrochloric Acid, 0 1 N, accurately standardized 

Sodium Hydroxide, 0 1 iV, accurately standardized 

Methyl Orange Indicator 

Barium Chloride Solution 10% in distilled water 

Apparatus Soxhlet Flasks 250 ml Pyrex 

Condenser —Reflux condenser 12” water cooled 

Burets —Regular equipment 
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Ester S0 3 by Titration Procedure .- Weigh 5.000 ± 0.005 g. of the sample into 
a 250-ml. or other suitable flask. For alcohol soluble, weigh 1.000 ± 0.001 g. sam- 
ple into a 250-ml. or other suitable flask. Dissolve in approximately 50 ml. of dis- 
tilled water; add 2 to 3 drops of methyl orange indicator. Adjust carefully with 
N HC1 (weaker solutions may be used) to the methyl orange end point. Then 
add 35 ml. of N HCI. Add several boiling pieces, attach a water cooled reflux 
condenser to the flask, and boil gently for at least 2 hours after foaming has ceased 
or become constant, and until the sample appears to be completely hydrolyzed. 
Samples that are known to hydrolyze readily may be hydrolyzed overnight by 
setting the flask covered with a watch glass on the steam bath. It is safest to then 
connect the flask to a reflux condenser and boil the contents of the flask, at least 
0.5 hour. Cool and titrate with N NaOH to the methyl orange end point. 

Gravimetric S0 3 Procedure.— Weigh 1.000 ± 0.001 g. of alcohol soluble or evapo- 
rate an equivalent aliquot ol the filtrate from the alcohol-insoluble determination 
in a 250-ml. or other suitable flask. Add 50 to 100 ml. distilled water and 5 to 10 
ml. concentrated HCI. Hydrolyze as for the titration procedure, above. Do not 
neutralize before hydrolysis. Wash the contents of the flask while still hot into a 
250-ml. volumetric flask. Allow to cool to room temperature and dilute to the 
mark with distilled water. Mix thoroughly and allow to settle. (The fat layer 
should be above the volume mark on the flask.) Pour off or pipet off the fat 
layer and discard. The entire sample may be used by filtering off the fat and 
washing free of sulfates. 

Pipet 100 ml. of the aqueous solution into a 400-ml. beaker and neutralize to 
methyl orange. Add 0.5 ml. of concentrated HCI and hot distilled water, if neces- 
sary, to bring the volume to 175 to 200 ml. Bring to boiling and while boiling, 
add 20 ml. of the barium chloride solution. Continue boiling gently for a few 
minutes. Then cover with a watch glass, place on the steam bath, and keep the 
beaker and contents at a temperature of 70°C. for 1 hour or until the precipitate 
settles well. 

Decant the supernatant liquid through an ashless 9-cm. filter paper. Finally 
transfer the residue of barium sulfate in the beaker to the filter paper by means 
of a stream of hot water from a wash bottle and with aid of a policeman, if neces- 
sary. Wash the precipitate and paper thoroughly with hot water until the wash- 
ings, when tested with AgNO s solution, are shown to be free from chlorides. 

Transfer the filter paper and precipitate to a tared porcelain crucible with the 
precipitate folded inside. Ignite, uncovered, at a low temperature in a muffle or 
over a Meker burner until the paper is consumed without inflaming. Burn off the 
carbon at as low a temperature as possible. After the carbon is burned, finally 
bring to a higher temperature (about 900° to 1000°C.) until completely ignited. 
If the muffle is used, the sample should be placed in a cold muffle and the tem- 
perature raised slowly or the paper burned off over a burner before placing the 
crucible in a hot muffle. If a burner is used, care must be taken to avoid loss due 
to drafts. 

Calculations. Ester S0 3 by Titration.— 

When “as is” sample is used: 

d , cr , on ( MI - N NaOH - Ml. N HCI) 

Per cent SO 3 = 8.0 — —1 

Wt. of sample 

2. When alcohol soluble is used: The ml. HCI are those used to hydrolyze the 
sample after neutralization to methyl orange. If other strengths than normal 
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solutions are used the necessary factors to cover must be used to convert the sola 
tions used to normal basis Tor 1 g sample 

Per cent Combined SO* (Ester SOj) = 8 (MI \ NaOH - ml \ HC1) 
Gramme Inc SO a — 

n 34 3 X weight of BaSO< 

Per cent SO 3 = tt: ; — ~ — — ; 

Wt of sample (or aliquot equivalent) 

To convert these results to original sample basis multiply the percentages ob- 
tained by per cent Alcohol solublc/100 


COMBINED ALCOHOLS 

Reagents Hydrochloric Acid, C P Concentrated 

Petroleum Ether 

Alcoholic Potassium Hy dioxide. Approximately 0.5 A 

Hydrochloric Acid, 1 0 N 

Indicators —Methyl orange and phenolphtlulein 

Apparatus Reflux Condenser —Allihn or Liebig type water cooled at least 12* 
long 

Flask \ 2a0 to 300 ml round bottom flisk with a ground glass connection to 
fit the condenser is preferred A tight cork stopper may be used 

'Miscellaneous — 2o0 ml extraction cylinder separatory funnel Soxlilet flask 
siphon etc 

Procedure —Weigh a sample chosen to yield from 1 to 3 g of alcohols into a 
2a0 ml or other hydrolyzing flask Dissolve in 50 to CO ml of distilled water Add 
2 to 3 drops of methyl orange indicator and carefully neutralize with standard acd 
or alkali to the methyl orange end point (The titration may be used to calculate 
i the alkalinity) Add 50 ml \ HC1 or more if necessary measuring the amourt 
added accurately (The seat after hydrolysis may be used for Ester S0 3 ) 

Connect die flask to a reflux condenser place on the steam bath overnight and 
then boil at least 0 5 hour or until the sample is completely hydrolyzed. The 
sample may be hydrolyzed directly by boiling although a preliminary heating on 
the steam bath will reduce foaming 

When hydrolysis is complete cool the flask and contents to about 50 C dram 
the water from the condenser and wash down the condenser into the flask will a 
small amount of distilled water followed by a small amount of petroleum ether 
(Titration for ester SO a may be made at tins point ) Transfer die contents of the 
hydrolyzing flask into the extraction cylinder and extract with several 40 to 50ml 
portions of petroleum ether Collect the extracts in a separatory funnel In 
making the first extraction mix the solvent with the sample by gentle rocking 
without shaking to avoid forming an emulsion Later extracts may he shaken 
thoroughly Each extract should be shaken a minimum of 30 seconds A minmw® 
of 5 extractions should be made 

Wash the combined petroleum ether extract with 30 ml portions of water con 
taming 10% ethyl alcohol by volume to remove any acid Care should be ta en 
in water washing the extracts not to shake hard or a v ery troublesome emu s on 
will be formed A few crystals of salt will aid in breaking an emulsion ina 
wash should be neutral to methyl orange . , , 

If the ester S0 3 is to be determined on this sample the water washings s ou 
be combined with the acid seat for ester S0 3 by titration or for gravimetric 3 
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Transfer the washed extract to a tared Soxhlet. Evaporate off most of the solvent 
carefully, avoiding the use of much air. Continue to dry on top of the steam bath, 
without exposure to direct steam, until all solvent is off. Run an evaporation 
blank using a known weight of fatty alcohol and 200 ml. of petroleum ether at 
least weekly to insure that the technique used by the analyst will neither lose fatty 
alcohol nor leave petroleum ether in the total fat weighed. 

Calculations.— 

Wt. of residue X 100 

Per cent Total fattv alcohols = — - : 

Wt. ol sample 

Per cent Combined fatty alcohols = 

per cent Total alcohols — per cent Unsulfated or free alcohols 

TOTAL COMBINED SO s 0 

This determination is run on the alcohol-soluble material when it is desired to 
determine organically combined S0 3 . The original sample should be used when 
total S0 3 is desired. 

The materials used in this analysis require caution in handling so that it is 
necessary for an analyst to become familiar with all details of procedure and the 
precautions before starting an analysis. 

It is very important that the sample be dry. The alcohol soluble is dry and 
should need no further drying. Samples of other material which are not dry should 
be weighed into the fusion cup in sufficient size to give the equivalent of, but not 
over, 0.3 g. of organic matter after drying. Care must be taken in drying to avoid 
loss of volatile sulfur-containing material. The sample in the cup is then dried in 
an oven and cooled to room temperature before adding the reagents. 

Ileagetits. Sodium Peroxide.— Parr calorific grade, finely powdered. Parr Instru- 
ment Company, Moline, Illinois. 

Benzoic Acid. 

Potassium Perchlorate.— Pat r calorific grade, powdered. Parr Instrument Com- 
pany, Moline, Illinois. 

Barium Chloride Solution.— 10% BaCL solution. 

Apparatus. Instruction Manual.— Parr Instrument Co., Moline, Illinois, Manual 
No. 121. 

Flame Ignition Method. Bomb Apparatus— Parr Instrument Company, Catalog 
No. 2101, but without ignition housing. Includes AC3E bomb with 2ACN, 94% 
Ni fusion cup and A7AC5 Ni plated brass cover, wrench, bench socket, peroxide 
dipper, mixing rod, one dozen extra gaskets (specify lead gaskets) and Manual 121. 

Gumd.— The guard is made trom a piece of 4" pipe, 6" long, mounted on 3 legs 
10" long. The bomb is carried in a ring of a diameter to allow the fusion cup to 
fit into it. The ring is supported by rods fastened to the walls of the guard. A %" 
steel rod extending tlnough the walls of the guard so as to just pass over the top 
of the bomb prevents the bomb falling out during ignition. 

Mirrou—A mirror, metallic preferred, should be placed on the table below the 
guard and burner to enable the operator to observe the bomb during and after 
firing with a flame. 

Burner .— A blast lamp or burner which can be adjusted to give a small pointed 
flame. 

'■ R ep induced with permission fiom the Parr Manual 121, Parr Instrument Co., Moline 
Illinois. 
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Electric Ignition Method Bomb Apparatus —Parr Instrument Companv, Catalo* 
No 2001 Includes AC 2E bomb ’with 2ACN, N\ tup and A7AC5 Ni plated 
brass cover, wrench, bench socket peroxide dipper, fuse wire, mixing rod, water 
bath, one dozen extra gaskets (specify lead gaskets), ignition unit and Manual 121 
Spatulas— A small thm spatula is convenient for stirring the bomb charge 
A second one is necessary to scrape off the spatula after use ° 

Goggles —Safety goggles Chipper s model dust proof should be used when 
handling the materials into the bomb to protect the eyes from premature explosion 
Sodium peroxide thrown into the eyes might cause blindness 
Procedure Flame Ignition —Weigh 1 0000 ± 0 0001 g of the original simple 
or 0 3000 ± 0 000 1 g of the dry alcohol soluble material into the dry fusion tup 
on an analytical balance If the sample contains water, dry in an oven before 
continuing It is extremely important that a sample containing no more than 
0 30 g of organic material be used 

Caution —Before continuing be sure that the precautions below are noted 
Weigh 0 30 * 0 01 g benzoic acid powder on a torsion balance Transfer to die 
fusion cup Weigh 100 ±0 01 g powdered potassium perchlorate on the tonton 
balance Transfer to the fusion cup 

Put on goggles and/or use safety shield Use a spatula, platinum wire, or stirring 
rod Carefully mix the contents of the fusion cup to obtain a homogeneous mix 
ture Fill one measure, approximately 15 g, of sodium peroxide Then add the 
peroxide on top of the contents of the fusion cup without mixing Brush any par 
tides of peroxide off of the top rim of the cup Place the cover on at once using 
a lead or asbestos gasket Close the cup by pulling the fittings tightly into place 
Shake the bomb to thoroughly mix the constituents The bomb should not be 
held in the bare hands and should preferably be shaken behind a metal shield 
Place the bomb into the ring in the guard Place the rod in position over the 
top of the bomb Ignite contents of the bomb by applying small sharply pointed 
flame of the blast lamp to the bottom Evidence of reaction and complete fusion 
is indicated by a slight noise and/or a dull redness at the point of fusion As soon 
as this is noted, remove the flame 

Allow the bomb to stand about one minute to complete reaction Remove from 
the guard and cool under the tap or by standing When cool, remove cover and 
place the bomb on its side in a 400 ml beaker Wash off the cover into the beaker 
cover with a watch glass, and cautiously add 100 to 150 ml hot water Allow the 
fusion to dissolve completely 

Carefully remove the fusion cup, wash with hot distilled water, cohettmg W® 
washings into the beaker Neutralize the solution by slowly adding about 30 nil 
of HC1 (concentrated CP) The neutral point can generally be recognized when 
the solution changes from a turbid dark color to a clear lighter color Sufficient 
acid should be present to give about 0 5 ml excess per 200 ml of volume Excess 
acid must be avoided 

Electric Ignition.— Prepare charge in bomb exactly as described in the flame 
ignition procedure, above except insert a 7 cm length of fuse wire attached » 
electrodes as described in Parr Manual 121, Section C A lead gasket must be used 
Follow these instructions carefully observing all precautions These are include 
for the protection of the analyst Dissolve and neutralize the ignited contents o 
the bomb as described in the last paragraph under the flame ignition procedure 
Filter the solution into a 400 ml beaker and wash the filter until free mm 
chlorides The volume of the solution should be about 250 to 300 ml Heat to 
boiling While boiling, add all at once 15 to 20 ml of 10% BaCl 2 solution. 11 
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tinue boiling for a few minutes; cover with a watch glass. Place on the steam bath 
and keep contents of beaker hot, approximately 70° to 80°C., for one hour, or until 
the precipitate has settled well. Often overnight is an advantage. 

Test the clear upper layer with a few drops of BaCl, solution to insure precipita- 
tion is complete. If so, decant the clear layer through a 9-cm. ashless filter paper. 
Then transfer the BaS0 4 from the beaker to the paper by means of a stream of hot, 
distilled water from a wash bottle and with the aid of a policeman. Wash thor- 
oughly with hot water until the washings show no chlorides when tested with 
AgNO a . 

Transfer the chloride-free residue and filter paper to a weighed porcelain cru- 
cible. Ignite the paper at a low temperature so that the paper shall char without 
inflaming. The carbon should be burned off at as low a temperature as possible 
with the crucible uncovered. After the carbon is burned, the temperature should 
be raised to about 800°C. If the muffle is used, the sample should be placed in a 
cold muffle and the temperature raised slowly, or the paper burned off over a 
burner before placing the crucible in a hot muffle. If a burner is used, care must 
be taken to avoid loss due to drafts. Moisten the precipitate with 2 drops of con- 
centrated H 2 S0 4 and reheat to remove the excess acid. Cool and weigh. 

Optional Procedure.— When vacuum filtering is used, follow the procedure 
through “Test the clear upper layer with a few drops of BaCl 2 solution to insure 
piecipitation is complete.” If so, decant the clear layer through a tared medium 
porosity (No. 4010) Selas filtering crucible into a liter Pyrex vacuum flask. Transfer 
the BaS0 4 precipitate from the beaker to the crucible with a stream from wash 
bottle against sides of crucible so as not to lose precipitate by splashing. 

When precipitate is free of chlorides by test of filtrate with silver nitrate, transfer 
crucible with precipitate to 105°C. oven to drive off water (approximately 0.5 hour) 
or heat gently to avoid spattering. 

To make test for chlorides on filtrate cut vacuum to desired flask, remove cru- 
cible adapter and suspend a 25-ml. test tube by a fine string into the flask. Replace 
crucible adapter, apply vacuum and catch a few ml. of wash solution. Remove 
test tube and add a few drops of 0.1 N AgNO s . 

Transfer to muffle for ignition at 600° to 650°C. for 30 minutes. Cool in a 
desiccator and weigh rapidly. 

Calculation.— 


Per cent SOs (Parr bomb) 


Wt. of ignited residue (BaSO-p X 34.3 
Wt. of sample (or sample equivalent of aliquot) 


For 0. 300-gram sample: 

Per cent SO 3 in alcohol soluble (Parr bomb), original sample basis 

= Weight of ignited residue X 1.143 X % alcohol soluble. 

Notls and Precautions— Thousands of determinations have been made with Parr sulfur 
bombs in many different laboratories. Where directions are closely followed and proper 
caic is taken, these determinations have invariably been successful. However, you are 
dealing with materials which have explosive properties, if wrongly handled. In all deter- 
minations the following piccautions must be taken: The full 15 grams of sodium peroxide 
must be used. 

All lumps in the peroxide, perchlorate, and benzoic acid must be removed or crushed 
bcfoic weighing. 

Best results are obtained when the sample is finely divided and, if possible, powdered 

The charge must be thoroughly and completely mixed. ’ 1 
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The gasket must be in good condition Lead gaskets arc supplied with all peroxide 
bombs and have been found satisfactory in almost all instances as their use eliminates 
all danger of a reaction between them and the fusion Use only I gasket 

The cap or cover of the bomb must be properly seated on the gasket 

The screw cap must be screw cd down tight 

Do not allow sodium peroxide or potassium perchlorate to come into contact with papei 
or other organic matter in waste cans or on tne floor 

Discard the fusion cup if the sides or bottom have become visibly swollen or if the 
interior surfaces become worn or corroded to an inside diameter of 1 08 or more at any 
point or if the bottom shows appreciable etching or cracking An inside diameter of 
1 08 inches or more indicates thL wall thickness has diminished to inch or less Meat 
can be followed by weighing the bomb after each use Since the loss of weight is all from 
the lower t£ and the bottom a safe loss limit can be established 

Directions for the Parr Sulfur Bomb The Parr Instrument Co Moline 111 should be 
available and read by the operator before starting the u'e of these bombs 

ORGANIC BUILDERS 

Organic builders will norm illy be found in the alcohol soluble material Car 
boxy methyl cellulose is an exception since it is alcohol insoluble However sodium 
glytoUte which is frequently found in commercial cirboxy methyl cellulose is 
alcohol soluble and should be suspected if cirboxy methyl cellulose is a builder 
Amides are frequently used is builders They nny be an ilyzed by a direct nitrogen 
determination or by hydrolysis and measurement of the fatty acids formed A1 
though many organic builders have been used in detergent products space does 
not permit us heie to attempt a systematic builder procedure Suffice it to say 
that if a builder is suspected or known to be present tests for assay must be d* 
vised depending upon other materials present 

INORGANIC BUILDERS IN THE ALCOHOL INSOLUBLE 

The alcohol insoluble materiil will contain most of the inorganic builders used 
in detergents plus carboxy methyl cellulose anil some other infrequently used 
material such as starch and proteins Ihe tests usually carried out on the alcohol 
insoluble material include tests for alkalinity phosphates, sulfates carbonates sili 
Cates borates and water insoluble material Test for these materials follow While 
chlorides may occur in either the alcohol soluble or insoluble portions of the 
sample or in both their determination is shown in this section 

ALKALINITY 
(tSaOH Na_CO a or NaHCO a ) 

Procedure —Weigh 5 000 ± 0 001 g of the sample into a 400 n l beaker Ds- 
solve in 100 to 150 ml warm water (about 35“C) Add 2 drops of methyl orange 
and 2 drops of phenolphthalein 

If acid to methyl orange Titrate with A' NaOH carefully to the methyl orange 
end point Note reading which will be calculated to % NaHSO^ 

If alkaline to methyl orange and acid to phenolphthalein Titrate with N aci 
to the methyl orange end point 

If alkaline to phenolphthalein Titrate with normal acid to first the phenol 
phthalein and then the methyl orange end points 
If (2P - MO) >0 


Per cent NaOH = (2P - MO) X 0 80 
Per cent Na 2 C0 3 = 2(MO - P) X 1 06 
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If (2P - MO) = 0, or <0: 

Per cent Na 2 CC >3 = 2P X 1.06 
Per cent NaHCOs = (MO - 2P) X 1.68 

Comments.— 'When it is desirable to do so, C0 2 can be determined by evolution and 
absorption in a weighed ascarite tube. 

CHLORIDES 

Chlorides may be determined on the original sample, the alcohol-insoluble por- 
tion or on the alcohol-soluble matter, and should be reported on these bases, the 
total chlorides as NaCl being reported for the analysis of the original sample. 

Apparatus. pH Meter, with silver and calomel electrodes. 

Reagents. Silver Nitrate, 0.1 N, accurately standardized. 

Procedure .— Weigh to ±0.001 g. a sample approximately equal in grams to the 
per cent NaCl expected, but the sample should not exceed 10 g. 

Dissolve in 250 ml. of hot distilled water, add 2 drops of methyl orange indicator 
and acidify to the acid color by adding HN0 3 (1:4). Warm slightly and stir to 
eflect maximum solution. Add 50 ml. of acetone. 

Clean the silver electrode in the HNO s (1:1) containing NaNO„. Set up the 
titration cell with the silver electrode connected to the top terminal, the saturated 
calomel cell connected to the bottom terminal. Set the pH meter on + mv. 
Start the stirring and titrate the solution potentiometrically as follows: Add 0.5 ml. 
of AgN0 3 solution and measure emf. If appreciable chloride is present, the emf 
should he in the range of 100 mv. 

Add AgNO a solution slowly in 2- to 3-ml. portions until the emf reaches 200 mv. 
Stir well. 

Add AgNOg solution in 0.1-ml. portions, allowing sufficient time after each 
addition for the solution to reach equilibrium (60 to 80 sec.). Measure the emf 
(stirrer off) at each 0.1-ml. point. 

Calculate the end point by the rate of change method. The end point is 
usually in the range of 260 to 270 mv. 

Example.— The method for determining the maximum rate of change is as 
follows: 

ml. 

21.2 

21.3 


21.4 


21.5 


21.6 

° Maximum rate of change. 

Endpoint = 21.4 + — X 0.1 ) 


210 

220 

240 

277 

302 


EMF A E EE' 

.... IO-i 


20 

37 

25 


10 
17 < 
12 


= 21.46 ml. 
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Run a blank and subtract the value obtained from the value calculated above 
Calculation — 

. (S - B) X \ X 5 85 

ChJondes as NaCl per cent = — — — , — — — 

r Weight of Sample 

where S — titration of sample 

B = titration of blank and 
\ = normality of AgNOj 


SILICA! £S 


Appnrntiss Evaporating Dish —Platinum or porcelain capacity ca 100 ml 
Crucible —Platinum capacity 30 ml 

Procedure —\\ eigh i portion of the alcohol insoluble material sufficient to con 
tain approxim itel) 02 g Si0 2 into an evaporating dish Add 50 ml of distilled 
w iter neutnlize careful!) with HC1 and then add from 5 to 10 ml of HU in 
excess Keep the dtsli covered with a watch glass during this addition to prevent 
loss from spattering 

Evaporate to dry ness on a steam or water bath or on a hot plate at a tempera 
ture not exceeding 120 C Cool the residue and moisten with HC1 let stand a to 
10 minutes nml then break up all lumps with a stirring rod 
Add ca 2 d ml of hot distilled water to the residue heat lor a lew minutes ai I 
filter through a small ashlcss filter paper Wash the paper and contents thoroughly 
with hot water Repeat the above treatment beginning with Evaporate to dry 
ness Filter through a second filter paper 

Place the 2 filter papers in a t ircd platinum crucible and ignite carefully first 
at a low temperature until the paper is consumed and then over a burner or in a 
muffle at i bright red beat (8a0 to 9at)°C ) Cool to room temperature in a dcsc 
cator and weigh Repeat until constant weigh is obt lined 

For the most iccurite results moisten the weighed contents of the crucible with 
water idd 10 ml of HF 4 drops ol H 0 S0 4 and evaporate to dryness over a lov 
fl tme Ignite is directed above cool to room temperature in a desiccator and 
weigh 

Calculation — hen Si0 2 is weighed 


Sodium silicate (1 NajO 3 25 SiO ) per cent 


Weight of SiChX 131 8 
Weight of Sample 


3Vhen Si0 2 is volatilized with HF 


Sodium silicate (1 JNa^O 3 25 SiO ) per cent — 


(4 — B) X 131 8 
Weight of Sample 


where 4 = weight of crucible and contents before volatilization with HF 
B = weight of crucible and contents after volatilization with HF 


PHOSPHATES 

This method determines all the phosphates as phosphorus pentoxtde by con '^ r 
sion to the ortho form by acid hydrolysis and titration between pH 4 3 and pH 
(ISaOH P„0 0 /2) 

Applicable to any species of alkali metal phosphates free from interfering 1 <> I1S 

Apparatus Electrometric Titration Apparatus —Equipped with glass and C* o - 
mel electrodes Any standard pH meter capable of performing titrations accurate 
to ±0 1 pH is suitiblc Acturitely standardized at pH 4 0 and 8 0 
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Gas Burners.— Preferably of the chimney or Argand type. 

Muffle Furnace.— With suitable pyrometer and controls for maintaining tempera- 
tures up to 550°C. 

Evaporating Dish or Large Crucible, porcelain or silica. 

Motor Stirrer, air or electric. 

Reagents. Standard Sodium Hydroxide, 0.5 or 1.0 N, carbonate free. 

Sodium Hydroxide Solution.— Concentrated, approximately 50% by weight, car- 
bonate free. A more dilute solution may be used. NaOH solutions must be pro- 
tected from carbon dioxide contamination. 

Hydrochloric Acid, concentrated, sp. gr. 1.19, reagent grade. 

Mixed Indicator (Optional).— 32 ml. methyl orange— 0.05% in water. 

32 ml. phenolphthalein— 0.50% in 50% alcohol. 

8 ml. thymol blue— 0.04% in water. 

4 ml. methylene blue— 0.10% in water. 

24 ml. alcohol, 95%, U.S.S.D. Formula 30 or 3A. 

The individual components are stable indefinitely. The mixed indicator should 
be prepared at least weekly. 

Jj.i practice 3 ml, of this mixed indicator are used in a final volume of approxi- 
mately 250 ml. of solution to be titrated. The lower end point is taken as the 
first change from gray to a definite green; the upper end point is the change from 
pink to a bright purple. 

Procedure .— The optimum size of sample is given by the formula: 

c , 280 X N 

Sample, g., = — — — 

Per cent P 2 O 5 expected 

where N = normality of NaOH to be used in titration 

Soap products may be analyzed by using the filtrate from the Si0 2 determination. 
Use care not to exceed the sample weight prescribed above. Alternatively the 
sample may be prepared as described in the paragraph to follow. 

Built synthetic products may be analyzed by using the alcohol-insoluble portion, 
but the following procedure is more rapid and quite as accurate. Weigh a sample, 
of size chosen by the formula above (but do not exceed 10 g.) to the nearest 
0.001 g. Place sample in a porcelain or silica evaporating dish, or large crucible, 
and ignite gently over a low gas burner until most of the volatile combustible 
matter is burned off. Transfer to a muffle, operated at not over 550°C„ for 10 to 
15 minutes. The ignited residue need not be free from carbon and usually is of 
a grayish color. Cool and add cautiously 10 ml. concentrated HC1. Evaporate to 
dryness, take up with 50 ml. distilled water, 10 ml. concentrated HC1, and transfer 
to a 400-ml. beaker. 

Each solution in a 400-ml. beaker, prepared as described above, should have a 
volume of about 100 ml. and contain an excess of at least 10 ml. concentrated HC1. 
Cover with a watch glass and boil for a minimum of 30 minutes, and up to 60 
minutes in the presence of phosphates of the glassy type. Cool to room tempera- 
ture (20°-30°C.). 

Dilute to 200-ml. volume, place on electrometric titration stand and neutralize 
to 4.3 pH. Most of the neutralization may be made with 50% NaOH solution, 
but final adjustment should be made with the standard NaOH to be used in titra- 
tion (0.5 or 1.0 N). Cool again, if necessary, to maintain temperature below 30°C. 
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Now ti trite carefully to the 8 8 pH upper end point recording the titeatm be 
tween end points as T 
Calculations — 


Per cent Total P2O5 


T X AT X 7 098 
Weight of Sample 


where N — normality of NaOH 

T — titration between pH 4 3 and pH 8 8 end points 


Notes— T he mixed indicator may be used for this titration but with some small sicifict 
of accuracy If the samples ha\e been prepared by the ignition method they must be 
lilteied and the paper washed thoroughly after the acid hydrolysis as particles of carbon 
obscure the visual end point The color changes can be checked by comparison 1 ith 
meter readings to acquire familiarity with the exact shade required For greatest accu 
racy titration with a pH meter is recommended 
Interferences Heavy metals such as Fe AI Ca Mg etc which will precipitate ether 
as insoluble phosphates or hydroxides before the upper end point is reached of course 
\ ill interfere Interference also occurs if borates sulfites carbonates or other buffering 
materials are present The last two and much of the borate will be expelled during the 
acid hydrolysis boil NH4OH or other weak bases also will interfere The most comma 
interference is from silicic acid Experiment and experience in analysis of spray d cd 
synthetics have shown that unless the ratio of % Si 0 2 /%Po 0 0 approaches or exceeds 02 
the interference by silicates will be so slight that it may be neglected Larger amouns 
must be dehydrated and removed by filtration during the preparation of the sample 

SULFATES 

The percentage of sodium sulfate is determined in the alcohol insoluble portion 
of the sample by precipitation of the sulfate with BaCl 2 
Reagents Barium Chloride Solution 10% m distilled water 
Bromine Water saturated solution 

Procedure —Use the entire alcohol insoluble portion of the sample or weigh a 
suitable size portion thereof into a 600 ml beiker 

Add 200 ml of distilled water to the beaker and neutralize with concentrated 
HC1 adding sufficient acid to give about 0 5 ml in excess 
If the solution is not dear it should be filtered and the paper washed until free 
from chlorides The volume of solution from this point should be about 2a0 lo 
300 ml 

Heat to boiling While boiling add all at once 15 to 20 ml of 10% BjC 1 2 
solution Continue boiling for a few minutes cover with a watch glass Plate on 
the steam bath and keep contents of beaker hot approximately 70° to 80 C for 
one hour or until the precipitate has settled well Often overnight is an aava 1 
ta g e 

Test the clear upper layer with a few drops of BaCL solution to insure pre 
cipitation is complete If so decant the clear layer through a 9 cm ashless filter 
paper Then transfer the BaS0 4 from the beaker to the paper by means of a 
stream of hot distilled water from a wash bottle and with the aid of a policeman 
Wash thoroughly with hot water until the washings when tested with AgN^a 
show no chlorides 

Transfer the chloride free residue and filter paper to a weighed porcelain cru 
able Ignite the paper at a low temperature so that the paper shall char without 
inflaming The carbon should be burned off at as low a temperature as possi e 
with the crucible uncovered After the carbon is burned the temperature * 10U 
be raised to about 800° C If the muffle is used the sample should be place w 3 
cold muffle and the temperature raised slowly or the paper burned off over a 
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burner before placing the crucible in a hot muffle. If a burner is used, care must 
be taken to avoid loss due to drafts. Moisten the precipitate with 2 drops of con- 
centrated H 2 S0 4 and reheat to remove the excess acid. Cool and weigh. 
Calculations.— 


Per cent Na 2 S 04 


Wt. of barium sulfate X 60.86 
Wt. of sample 


BORATES ' 

(In the Absence of Phosphates) 

Apparatus.— pH Meter. 

Reagents. Hydrochloric Acid.— (1:1), dilute 1 volume of hydrochloric acid (sp. 
gr. 1.19) with 1 volume of distilled water. 

Mannitol, C.P. 

Methyl Red Indicator Solution, prepared by dissolving 0.10 g. of methyl red in 
100 ml. of a 50/50 mixture of ethyl alcohol and water. 

a-Naphtholphthalein Indicator Solution.— Prepared by dissolving 0.10 g. of 
a-naphtholphthalein in 100 ml. of a 50/50 mixture of ethyl alcohol and water. 

Sodium Hydroxide Solution, 25% by weight, carbonate free. 

Sodium Hydroxide Solution, 0.05 N or 0.1 N accurately standardized and carbo- 
nate free. 

Procedure.— Accurately weigh a sample of the alcohol insoluble conforming to 
the following table, into a 250-ml. beaker: 


Estimated borate, % 

0-10 

10-25 

25-50 

50-90 

90-100 


Sample weight, g. 

2.0 

1.0 

0.75 

0.50 

0.40 


Add 100 ml. of distilled water and warm on the steam bath until the sample has 
dissolved. 

Make just acid to methyl red indicator with 1:1 hydrochloric acid and add 0.5 
ml. of acid in excess. Cover the beaker with a watch glass and heat to simmering 
temperature for 10 minutes. 

Cool the solution in a cold water bath to room temperature. Rinse the watch 
glass with water and add the washings to the solution. Insert the electrodes of a 
pH meter and bring the solution to a pH of approximately 6.3 by the dropwise 
addition of 25% sodium hydroxide solution. Titrate to exactly pH 6.3 with 
0.05 N sodium hydroxide solution. 

Add 5 g. of mannitol, stir until dissolved, and titrate to a pH of 8.0 with 0.05 
or 0.1 N sodium hydroxide depending on the amount of borax present. The titra- 
tion should be carried out in cold solution (room temperature or less). Record 
the buret reading. 

Conduct a blank as follows: Take a volume of boiled distilled water correspond- 
ing to the volume of solution at the end of the titration. Add 0.5 ml. of 1:1 
hydrochloric acid. Insert the electrodes by a pH meter and bring the solution to 

" Berstein and Haftel, The Determination of Borax in Soap, J. Am. Oil Chemists’ Soc 
27, 45, 1950. 
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a pH of approximately 6 3 by the dropwise addition of 25% sodium hydroxide 
solution Titrate to exactly pH 6 3 with 0 05 N sodium hydroxide solution The 
\olume of 0 05 N sodium hydroxide required is not recorded 
Add 5 g of mannitol and stir until dissolved Titrate to a pH of 8 0 with the 
same strength sodium hydroxide as employed above Record the buret readin» 
The blank should not exceed 0 1 ml and is usually less (See Notes) 
Calculations — 

Boiates as Nad^O lOH^O, percent 

where 4 = ml NaOH to titrate sample 
B = ml NaOH to titrate blank 
A r — normality of NaOH solution 

Notes —Distilled carbon dioxide free water should be employed throughout this protc 
duie 

An indicator end pome may be employed when a pH meter is not available In the 
latter event proceed as follows Starting with the acidulated solution cool in a cold warn 
bath to room temperature Rinse the watch glass with water and add the washings (o 
the solution Add several drops of methyl red indicator solution and 1 1 hydrochloric 
acid dropwise until the solution is distinctly acid to the indicator Titrate with 00 j \ 
sodium hydroxide to the methyl red end point (pure yellow) Record the buret readi g 
Add a g of mannitol and stir until dissolved Add 3 ml of « naphtholphlhalein indi 
cator solution and titrate the boric acid complex with 0 05 or 0 1 N sodium hydroxide 
to a green yellow end point The titv avion should be earned out w cold solution (room 
temperature or less) A blank should be run on the amount of mannitol used in the 
titration The blank should not exceed 0 t ml and is usually less 
Methyl purple (available from laboratory supply companies) can be used to advantage 
in place of methyl red if so desired 


(A - S) X N X 9 536 
Weight of sample 


MISCELLANEOUS TESTS 
DETERMINATION OF pH 

Reagents Distilled Water —Freshly boiled cooled distilled water adjusted by 
the laboratory to a pH of 6 0 to 7 0 Store in Pyrcx glass stoppered by rubber or 
glass stoppers not corks 

Buffers —In the ranges needed 

Apparatus pH Setup —The Leeds and Northrup Portable Universal pH Indi 
caior Unit the Beckman Laboratory Model assembly or equivalent 

Electrodes —Glass Beckman 1190 or equivalent for L k N models 5” long with 
30" lead wire Calomel Beckman 1170 or equivalent for L 8. N models 5* long 
with 30 lead wire 

Procedure — Follow the manufacturer s instructions for standardization and oper 
ation of the pH Meter Buffer the instrument in the range needed for the sample 

Dissolve 0 5 grams of sample in 100 ml distilled water and read the pH at 
to 30°C 

WATER INSOLUBLE 

Proceed as in the determination of alcohol insoluble material After Bering 
and thoroughly washing the residue, extract it with water at 60°C and wash 1 ^ 
filter thoroughly (When the mattei insoluble in water is all inorganic 01 'jj" 
water may be used for the extraction and washing ) Dry the filter and resi 
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at 100° to 105°C. for 3 hours, cool, and weigh matter insoluble in water. The 
nature of this matter may be determined by further examination. 

COMMENT 

'When more detailed information is needed and when additional tests are re- 
quired, reference should be made to the Official and Tentative Methods of the 
American Oil Chemists’ Society or to the ASTM Standards of the American Society 
lor Testing and Materials. 
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samples from each of these subdivisions if the area is of great extent, or if it is 
not uniform with respect to soil properties, plant growth, or land management 
and use. The number of sampling units taken to make up the sample should be 
governed by the variability of the characteristic under test and the degree of accu- 
racy of the estimate desired. Twenty or 30 sampling units for surface horizons and 
10 sampling units for lower horizons have been suggested as minimum values for 
some purposes. It should be stressed that these minima are arbitrary and, in many 
cases, a considerably greater number of sampling units may be advisable. The 
sampling units should be taken from sites chosen at random within the sampling 
area. 

Sampling Tools . 4 — The ideal sampling tool is one that gives an uncontaminated, 
reproducible sampling unit of approximately uniform cross-section to the desired 
depth. Augers of the wood-bit or post-hole type are often used but are not very 
satisfactory from the standpoint of the above criteria. Sampling tubes are quite 
satisfactory, particularly for sampling surface horizons, but they cannot be used on 
stony or dry, sandy soils. Subsurface horizons are best sampled by the laborious 
method of digging a pit, preparing a fresh vertical face, and carefully removing 
sampling units at suitable depths with a trowel, knife, or other instrument. 

Preparation of Samples.—'The soil sample should be placed in a noncontaminat- 
ing container. Closely woven cloth sacks are convenient for this purpose. As soon 
as possible after collecting, spread the sample on a sheet of heavy paper in a room 
free of dust or chemical fumes for air-drying. 5 Break up any large clumps or clods 
to hasten the drying process. When dry, pass the soil through a sieve with open- 
ings 2 mm. in diameter. Place the material that fails to pass the sieve on a clean, 
hard surface, and crush with a hardwood roller or rubber-tipped pestle, using 
gentle to moderate pressure. It is unnecessary and undesirable to reduce rock frag- 
ments or coarse vegetative remains to 2-ram. size, but the crushing and sieving 
should continue until all primary particles smaller than 2 mm. in diameter have 
passed the sieve. Thoroughly mix the sieved sample, reduce by quartering or 
other suitable means, and store the stock sample so prepared in a closed glass con- 
tainer. 5 

The stock sample is used directly for many different chemical determinations, 
but certain procedures call for a sample of finer dimensions. To prepare a finely- 
ground sample, 7 place a small quantity of the stock sample in an agate mortar, and 
carefully crush until the entire sample has passed a nylon screen or silk bolting 
cloth containing 100 meshes to the linear inch. This process differs from the 
preparation of the stock sample in that primary mineral grains must be reduced 
in size and are not discarded. Great care must be taken in taking subsamples from 
the stock sample for chemical analysis, or for further grinding, because of the tend- 
ency for soil particles of different sizes to segregate. This may result in large sub- 
sampling errors, because the chemical nature of the larger primary particles (sand 
fraction) is usually quite different from that of the silt and clay particles. 

Special precautions should be taken with samples intended for the determination 
of trace constituents. Ordinary paper bags fitted with plastic (polyethylene) liners 
are suggested for field collection and transportation of samples to the laboratory. 

4 Cline, Soil Sci., 58, 275-88, 191-1. Sec also Jackson, Soil Chemical Analysis, 15-6 and 
22-3. 

5 Ammonia fumes are a common source of contamination. 

5 In the procedures that follow, the stock sample will be referred to as "2-mm. soil.” 

7 The finely-ground sample will be referred to as "100-mesh soil.” 
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The samples can be dried on sheets of plastic and sieved through screens of nylon 
or similar material 


FIELD DESCRIPTIONS OF SOILS 

The Soil Survey Manual should be consulted for detailed instructions for de 
scribing soils ns they occur in plnce m the field 8 Descriptions may include tie 
following general headings land form relief and drainage parent material the 
soil profile stomness erosion or truncation vegetation and land use In (lescrib 
nig soil profiles horizon boundaries are located with respect to depth and thickness 
Description of individual horizons includes estimations of color texture structure 
porosity consistence and other properties 

PHYSICAL ANALYSIS OF SOILS 

Particle Size Distribution ( Mechanical Analysis) —1 lie determination of the 
•mounts of primary soil particles (suid silt and city) is usu illy carried out by tie 
pipet method 0 or by the hydrometer method 10 following removal of the soil or 
0 antc matter and the complete dispeision of the sample The hydrometer nietlod 
is rapid but the pipet method is considered to be more accurate Data obtained 
for the percentages of clay silt and the various grides of sand are used to apply 
specific textural class names to the soil (clay loam silt loam loamy fine sand etc) 11 
Soil Moisture— The total moisture content is determined by drying a weighed 
subsample to constant weight at 10 j°C Unless the sample is air dry and finely 
ground it is desirable to use a subsample of at least 25 g The moisture content is 
expressed as a percentage of the oven dry weight The quantity of water a sol 
will hold under specified conditions in the field and m the laboratory is frequently 
of great practical and theoretical importance Methods of measuring these sol 
moisture constants have been reviewed by \ eihmeyer and Hendrickson 1 Richards 
has discussed methods of measuring soil moisture tension l * 

Rulk Density and Particle Density —The determination of bulk, density also 
termed volume weight or apparent density poses the problem of obtaining an accu 
rate measure of soil volume without compression or compaction A number ol 
techniques have been devised foT this purpose 14 Particle density is determined 
by the pycnometer method 15 

Soil Structure and Aeration — Soil structure refers to the aggregation of primary 
particles which are separated from adjoining aggregates by surfaces of wciniflHS. 1 
The field description of soil structure is uncomplicated and includes estimation of 

8 Soil Survey Staff Soil Suivey Manual U S Dept Agi Handbook 18 Washington 
D C 1951 

J Kilmer and Alexander Soil So 68, 15 2-1 1949 See also Kilmer and Mullins So I aa 
77,437-41 1954 

io Rouyoucos Soil Sa 38, 335-45 1934 Sec also Mandaid Specifications for High *1 
Materials and Methods of Sampling and Testing Pt II American Association ol 
Highway Officials Washington D C 156-65 1942 

Sod Survey Manual 20o-23 . 

i Sod Sci 68 7 o-94 1949 Set also Richa ids LA et al Diagnosis and Impravcm«m 
of Saline and Alkali Soils U S Dept Agr Handbook 60 Washington DC 10 tv 
Sod Sci 68,95-112 1949 
w Sec Russell Sod Sci 68 25 3o 1949 

is Diagnosis and Improvement of Saline and Alkali Soils 122 
i Sod Survey Manual 225 
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the shape, size, and distinctness of aggregates. Laboratory measurements require an 
undisturbed sample, however, so that special precautions must be taken to ensure 
this. Soil samples prepared for chemical analysis are not suitable. Direct laboratory 
measurements of structure include determinations of aggregate-size distribution and 
aggregate stability. The movement and distribution of moisture and air in the 
soil is related to the size and arrangement of the soil pore space, which in turn is a 
function of structure. Therefore, laboratory measurement of such properties as 
total porosity and pore-size distribution are important in describing the structural 
condition of the soil and its suitability as a medium for plant growth. Various 
laboratory methods for measuring soil structure, including aggregate-size distribu- 
tion and porosity and aeration, have been reviewed by Russell. 17 

CARBONATE CARBON, ORGANIC CARBON, AND 
ORGANIC MATTER 

CARBONATE CARBON 

METHOD OF HUTCHINSON AND MACLENNAN 18 

Carbon occurs in soil in inorganic and organic forms. The former usually con- 
sists of the carbonates of calcium or magnesium, although carbonates of the alkali 
metals are sometimes found in certain soils of the arid regions. Carbonate car- 
bon is ordinarily reported as calcium carbonate equivalent. Rapid, approximate 
methods of determination include manometric procedures and acid neutralization. 18 
Several methods for the more precise determination of carbonates are available. 20 
The one given below requires a less elaborate experimental set-up than most. 

Procedure .— Place 0.5 to 25 g. of 100-mesh soil (depending upon the carbonate 
content) in a 150-ml., round-bottom flask. Close the flask with a well-fitting 2-hole 
rubber stopper fitted to a separatory funnel, the stem of which extends well into 
the flask. Connect the flask to the side arm of a 1-liter filter flask with a drying 
tube partly filled with glass wool. Add exactly 50 ml. of carbonate-free 0.1 N 
sodium hydroxide, and 4 to 5 drops of thymolphthalein indicator 21 to the filter 
flask. Close the filter flask with a well-fitting, 1-hole rubber stopper, and connect 
to a good source of vacuum with a tube containing a glass stopcock. Evacuate the 
system, and then close the stopcock of the vacuum line. Add about 50 ml. of 
0.6 N hydrochloric acid 22 to the separatory funnel, and slowly run the acid into 
the round-bottom flask, proceeding very carefully at first. Stop the flow of acid 
when a few drops remain in the funnel. After the acid has been in contact with 
the soil for a few minutes, gently shake the flask. Repeat the shaking 4 or 5 times 
over an interval of 20 min. Connect the top of the separatory funnel to a gas 

17 Soil Sci., 68, 25-35, 1949. See also Diagnosis and Improvement of Saline and Alkali 
Soils, 120-26. 

is Hutchinson and MacLennan, Jour. Agr. Sci., 6, 323-27, 1914; Williams, 22, 838-44, 
1932; Piper, C. S., Soil and Plant Analysis, The Hassell Press, Adelaide, Australia, 130-2, 
1942. 

18 Soil and Plant Analysis, 128-36. 

20 Schollcn bcrgcr, Soil Sci., 59, 57-63, 1945; Association of Official Agricultural Chemists, 
Methods of Analysis, 8th Ed., AOAC, Washington, D. C., 28-30, 1955. 

Dissolve 0.5 g. of thymolphthalein in 50 mi. of ethanol, and add 50 ml. of water. 

22 For soils containing manganese dioxide or much organic matter, add 1.5 g. of ferrous 
chloride (FeCl<,-4HoO) to the 50-ml. portion of 0.6 N hydrochloric acid immediately before 
use. 
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measurement of loss of ignition at 700°C. is sometimes used. 29 Organic matter 
may be determined directly and more precisely by treatment with hydrogen per- 
oxide, but the method cannot be used in the presence of appreciable calcium car- 
bonate or manganese dioxide. 30 Another procedure is to multiply the organic 
carbon from dry combustion by an empirical factor based on a mean carbon content 
of 58% for soil organic matter. Misleading values will be obtained on soil contain- 
ing sources of elementary carbon, and on those in which the carbon content of 
the organic matter deviates appreciably from 58%. A number of methods have 
been developed based on the oxidation of organic matter by mixtures of chromic 
and sulfuric acid. 31 Provision for the elimination of chloride interference must 
be made, but the methods are not affected by calcium carbonate or elemental car- 
iron. Empirical factors are used, but reasonably comparable estimates are given 
of the biologically active organic fraction of more or less closely related soils. The 
procedure given below is rapid and well-adapted to routine use. 

Reagent Solutions. Potassium Dichromate, 1.0 Ah— Dissolve 49.04 g. reagent 
grade K 2 Cr,,0 7 in water, and dilute to 1 liter. 

Ferrous Sulfate, 0.5 Ah— Dissolve 140 g. reagent grade FeS0 4 -7H 2 0 in water, add 
40 ml. concentrated sulfuric acid, cool, and dilute to 1 liter. Standardize daily by 
titrating against 10 ml. of 1.0 N potassium dichromate as directed below. 

Indicator.— Dissolve 0.1G g. of barium diphenylaminesulfonate in 100 ml. of water. 

Procedure.— Weigh sufficient 100-mesh soil to provide 10 to 25 mg. organic carbon, 
and transfer to a 500-ml. conical flask. Add 10 ml. of 1.0 N potassium dichromate 
solution. Add rapidly 20 ml. of concentrated sulfuric acid, directing the stream 
into the solution, and immediately swirl the flask by hand for 1 min. Then let the 
flask stand on a sheet of asbestos for 30 min. Dilute with 200 ml. of water, add 
10 ml. of 85% phosphoric acid, and 0.5 ml. of indicator solution. Titrate with 
ferrous sulfate solution to a light green end point. The end point is very sharp. 
If it is over-run, restore an excess of dichromate, and complete the titration by 
dropwise addition of ferrous sulfate solution. If more than 8 ml. of potassium 
diclnomate solution are reduced, repeat the determination with less soil. Chlorides 
interfere but may be removed by prior leaching of the sample with water or by 
addition of silver sulfate to the sulfuric acid. 32 

Calculation.— 

1 N PLC^Ch reduced, milliliters X 0.69 

— = organic matter, per cent 

weight ol sample, grams 

TOTAL NITROGEN, AMMONIA, AND NITRATES 
TOTAL NITROGEN 
KJELDAHL METHOD 33 

It is necessary to use finely ground soil to insure complete liberation of nitrogen 
from soils of high clay content, 34 and to prevent bumping during the distillation 

V. S. Dept. Agr. Circ. 139, 6-7, and 25. 

30 Robinson, Jour. Agr. Research, 34, 339-56, 1927. 

31 Schollenbergcr, Soil Sci., 59, 53-6, 1945. 

32 Soil Chemical Analysis, 215. 

33 Prince, Soil Sci., 59, 47-52; 1945. Adapted by permission. 

34 Walklcy, Jour. Agr. Sci., 25, 598-609, 1935. 
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step with soils o£ high sand content The method is not usually modified to include 
nitrate nitrogen since nitrates ordinarily comprise a small proportion of the total 
soil nitrogen Nitrates are usually determined separately by the pheiioldisulfon c 
acid method (see p 2317 below) 

In the procedure given below mercury is used as a catalyst and sodium sulfate 
is added to raise the temperature of digestion Catalysts or catalyst mixtures ton 
taming selenium are also commonly employed 36 and \anous modifications for 
shortening the period of digestion have been proposed 36 
Reagent Solutions Sodium Hydroxide Potassium Sulfide —Dissolve 450 g ol 
solid sodium hydroxide in 1 liter of water containing 12 g of potassium sulfide 
Boric Acid —Dissohe 40 g of boric acid in 1 liter of water 
Mixed Indicator —Mix 10 ml ol 0 1 bromcresol green m 9a 01 ,, ethanol nth 
2 ml of 0 1% methyl red in 95% ethanol 
Procedure —Place 10 g of 100 mesh soil (use smaller quantity for soil high in 
organic matter) in a 650 ml Kjeldahl flask Add 30 ml of concentrated sulfuric 
acid 07 g of mercuric oxule (or 0 6o g of mercury) and 5 to 10 g of anhydrous 
sodium sulfate Begin the digestion at low heat gradually increasing until organic 
matter has been destroyed and the solution has cleared in a total digestion period 
of about 2 hr Excessively high digestion temperatures may result in w isteful loss 
of sulfuric acid in the early st iges and loss of ammonia in the later st ges Cool 
the flask add 2a0 ml of distilled water and again cool Add an excess hi bout 100 
ml ) of sodium hydroxide potassium sulfide solution and immediately join the 
flask to the condenser by means of a Kjeldahl connecting bulb Mix the contents 
of the flask by shaking and collect about 150 ml of distillate in a receiving flask 
containing 25 to 50 ml of boric acid solution 37 During the early and middle 
stages of the distillation the tip of the condenser tube should extend below the 
surface of the liquid in the receiving flask Titrate the ammonia in the receiving 
flask with standard sulfuric or hydrochloric acid using 4 drops of mixed indicator 
At the end point the blue color just disappears One drop m excess turns the 
solution pink Run a blank determination through the entire procedure subslitut 
ing 0 2 g of sucrose for the soil 
Calculation — 


Net sample titer milliliters X norm ality of standard acid X 1 4 
weight of sample grams 


= Nitrogen 


per cent 


AMMONIA 


xM CLEAN AAD ROB I A SO A METHOD 30 
Ammonia is a very labile compound in soil and must be determined immediately 
after sampling or as soon as possible after rapid oven drying at a temperature not 
in excess of 55°C The ammonium ion is held by the negatively charged col to 1 
surfaces of the soil It may be displaced by leaching the soil with a salt solution 

36 Soil and Plant Analysis 200 Soil Chemical Analysis 185-G , , ,, 

36 Stubbefield and DeTurk Ind Eng Chem Anal Ed 12,390-9 1940 PcpkowiUf 13 
14,856-7 1942 

sr Ammonia may also be absorbed in a measured quantity of dilute acid and the & 
acid back titrated with standard alkali . ,. *■> 

38 McLean and Robinson Jour Agr Sci 14, 548-54 1924 Prince Soil Sd 59 
1915 
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and determined by distillation and titration or by nesslerization. Soils may not be 
directly treated with alkali and the ammonia distilled, because of the danger of 
releasing ammonia from decomposition of organic components. Soils may be so 
treated and aerated at room temperature 30 but the technique presents difficulties. 

Procedure.— Place 25 g. of 2-mm. soil in a 400-ml. beaker. If soil is not dry, 
weigh out another sample for moisture determination. Add 100 ml. of cold, normal 
sodium chloride solution. 40 Stir and let stand for 30 min. Decant the liquid 
through an 18.5-cm. Whatman No. 44 filter. Wash the soil with normal sodium 
chloride solution once by decantation, and then transfer it completely to the filter. 
Continue the leaching until the filtrate volume approximates 500 ml. Transfer to 
a distillation flask, add 3 to 4 g. of magnesium oxide and a small piece of paraffin, 
and distill the filtrate into a measured volume (10 to 15 ml.) of 0.02 N hydrochloric 
acid. Collect about 150 ml. of distillate, and titrate the excess acid with standard 
0.02 N sodium hydroxide, using bromcresol green indicator. The end point is 
reached when the color of the indicator matches that in a reference buffer solution 
of pH 4.7 to 4.8, containing the same quantity of indicator. 41 Carry a reagent 
blank through the entire procedure. 

Calculation.— 

(Blank titer, milliliters — sample titer milliliters) X normality of HC1 X 14,000 

weight of sample, grams 

= Ammonium nitrogen (as N), parts per million 

NITRATE NITROGEN 

PHENOLDIS U LFON1 C ACID METHOD 43 

The nitrate content of soil is subject to change, particularly under conditions of 
warm, moist storage. The determination should be made as soon as possible after 
the sample is collected. Nitrate is readily removed by leaching the soil with water. 
Nitrate in the extract may then either be reduced to ammonia and distilled, 43 or it 
may be directly determined photometrically. The former method is generally appli- 
cable to extracts of all types of soil, but the latter method is better suited to routine 
use. Phenoldisulfonic acid is the most widely used of the colorimetric reagents but 
precautions are needed for soils containing appreciable chlorides or those giving 
extracts colored with organic matter. 

Reagent Solutions. Copper Sulfate.— Dilute 20 ml. of 1 N copper sulfate to 
1 liter. This solution should be modified to include an additional 100 ml. of 0.6% 
silver sulfate solution, if the soil contains more than 10 p. p. m. chloride. 

Phenoldisulfonic Acid.— Dissolve 25 g. of pure white phenol in 150 ml. of con- 
centrated sulfuric acid. Add 75 ml. of fuming sulfuric acid (13 to 15% sulfur 

3° Matthews, Jour. Agr. Sci., 10, 72-85, 1920. 

40 Use 15% sodium chloride solution for soils of high ammonia content. Extraction 
with acidified salt solution is convenient with neutral and acid soils, but this method is 
not recommended for calcareous soils. Sec Piper, S. S., Soil and Plant Analysis, 205. 

41 Ammonia may also be determined by nesslerization of an aliquot of the distillate as 
directed under "Cation Exchange Capacin,” p. 2328. 

■»- Jackson, M. L„ Soil Chemical Analysis, Prentice-Hall, Inc., Englewood Cliffs, N. J. 
1958, 197-201. Adapted by permission. 

43 Soil and Plant Analysis. 206-7. 
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trioxule), and heat wv a boiling water bath for 2 hr Store in a glass-stoppered 
brown bottle 

Standard Nitrate — Dissohe 0 722 g of pure potassium nitrate m water, and dilate 
to the mark in a volumemc flask of 1 liter capacity Prepare a permanent i\orkm« 
standard by placing 50 ml m a porcelain dish and evaporating to dryness on \ 
steam bath When cool add 3 ml of phenoldisulfomc acid solution, and mix at 
once, using a glass stirring rod with a flattened tip After 10 mm, dilute nub 
water and make to 500 ml in a \olumemc flask One ml of the working standard 
contains 0 010 mg of nitrogen in nitrate form 

Procedure —Place 50 g of 2 mm soil in a 500 ml conical flask If soil is not 
dry, weigh out another sample for moisture determination Add 250 ml o{ copper 
sulfate extracting solution 44 and shake for 10 min Allow the suspension to settle 
for a few minutes and then decant about 150 ml of the supernatant liquid into 
another flask containing 0 2 g of calcium hydroxide and 0 5 g of magnesium car 
bonate Shake for 5 mm , and filter on a dry filter, discarding the first 20 ml of 
filtrate Transfer an aliquot to a porcel un dish and ei aporate to dryness on a steam 
bath When cool, add 3 ml of phenoldisulfomc acid solution, and mix at once 
mmg a glass stirring rod with a flattened tip After 10 mm , add about 15 ml ot 
water and mix When cool add 1 1 ammonium hydroxide solution slonlv with 
stirring, until the yellow nitrophenoldisulfoutc acid color develops Then add a 
few milliliters in excess Make the solutions to a suitable volume, and determine 
the percentage of transmission at a 420 mu light maximum Run a reagent blank 
through the entire procedure Prepare a calibration curve by adding 1 1 ammo 
mum hydroxide solution to aliquots of the working standard, diluting to volume 
and measutmg the percentage of transmission as above 

Calculation — 

Net nitrogen in aliqu ot, milligrams X 250,000 
aliquot, milliliters X weight of sample, grams 

= nitrate nitrogen (as N), parts per million 

TOTAL DETERMINATION OF MAJOR SOIL CONSTITUENTS 
BY FUSION ANALYSIS 

The determination of the total quantity of certain soil constituents is usual!) 
carried out following fusion with various fluxes The methods commonly used arc 
based upon those dev eloped for the anahsis of minerals and rocks 4a While mineral 
soils vary considerably in inorganic chemical composition, jn most instances SiO_ 
Al O, and Fe_O a account for the major part of the soil mass Other constituents 
such as Ti 0 2 , CaO, MgO, h^O, and Na 2 0 sometimes occur in quantities greater 
than 1% The total quantity of these constituents is of interest to students of so 
mineralogy and soil genesis but is sometimes of very limited usefulness in cons 
erations of soil fertility This arises because the major portion of an element imy 
occur in mineralogical forms that render it inaccessible to the plant root or 

44 Prince (Soil Sci , 59, 47-52, 1915) extracts the soil with water in the P r '-^ 1C L^ 

calcium oxide Any organic matter in the extract is destroyed with nitrate tree c 
hydrogen peroxide ^ ^, w 

45 Hillebrand and Lundell, Applied Inorganic Analysis, John Wiley and Sons, 1,1 ’'| 
York, 1929 See Corey and Jackson, Anal Chem 25, C24-8, 1933, for a semi microcn« 
system of silicate analysis 
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methods of measuring the quantity of an element capable of participating in plant 
nutrition, see "Chemical Analysis as a Measure of Soil Fertility,” p. 2333. Many 
other constituents are normally found in trace quantities in soil; still others are 
of occasional occurrence; some play important roles in plant and animal nutrition 
and, in the absence of more refined techniques, total analysis may provide the only 
clue to the status of the soil with respect to them. 

The selection of methods for inclusion in this section has been made with the 
foregoing considerations in mind. For example, methods for silica and for the 
combined oxides of iron, aluminum, and titanium are given because these con- 
stituents, in the form of oxides and silicates, comprise most of the inoiganic poition 
of the soil. Methods for the total analysis of certain other elements are not given 
when the uses of such data were deemed rather narrowly specialized in nature. 
However, references are given to established methods for the total determination 
of constituents not represented by detailed proceduies. For methods of determin- 
ing the total quantity of biologically important trace constituents, some of which 
employ the fusion technique, see “Total Determination of Other Soil Constituents," 
p. 2322. 


SILICA AND TOTAL COMBINED OXIDES OF IRON, 
ALUMINUM, AND TITANIUM 

The fusion of the finely-ground soil sample is preceded by determinations of 
moisture content and loss on ignition. Results are expressed on the oven-dry 
basis because the absoibed water content of an air-dry soil sample varies slightly 
with atmospheric conditions. Sodium carbonate is the commonly employed flux. 
I he total combined oxides of iron, aluminum, and titanium are determined in an 
aliquot of the filtrate from the silica determination. The combined oxide residue 
includes oxides of many other elements but the quantity of these in soils is usually 
\eiy small in relation to iion oxide, titania, and alumina. 

MOISTURE CONTENT (ABSORBED WATER) 

Procedure .— Place 2 g. of 100-mesh soil in a wide-mouthed weighing bottle, and 
heat o\ernight in an oven at II0°C. Cool in a desiccator and weigh. 

Calculation.— 

Loss in weight, grams X 100 

- 7 — ; — = moistuie content, per cent 

oven-dry weight, grams 

LOSS ON IGNITION 

The loss in weight between 100°C. and 700°C. roughly approximates the organic 
matter content of very sandy soils, but it also includes combined water which may 
be appieciable in soils of high clay content. 

AOAC, Methods of Anal>sis, 28-31; Bear, F. E., et al.. Chemistry of the Soil, Reinhold 
Publishing Coip., New Yoik, 329-30 and 33 1— G, 1955. Adapted by permission. If separate 
dctei initiations of iion, aluminum, and titanium aie desired, Robinson's detailed pioce- 
dures should be consulted: U. S. Dept. Agi. Ciic. 139, Washington, D. C., 1939; Soil Sci., 
59,7-11,1915. 

The total Ti0 2 content of most soils appioximates 1%, but in some tropical soils, the 
content may be much greater, and a consideiable proportion of this may be included in 
the silica dctci initiation unless Robinson's procedures aie followed. 
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Procedure —Place the residue irom the determination of moisture content !ni 
platinum dish and heat slowly m an electric furnace to 700°C and hold thnt 
30 min Cool m a desiccator and weigh 

Calculation ~ 

Loss m weight, grams X 100 

= loss on ignition, per cent 

o\en dry weight grams 

SOD/f/M CARBONATE FUSION 

Procedure —Place the residue from the determination of loss on ignition in i 
30 ml platinum crucible Mix the residue with 5 times its weight of pure anhjdroui 
sodium carbonate Co\er the crucible and heit at low redness until fusion begins, 
then mcreise heat to clear quiet fusion and finally give full heat of Meker burm 
for 20 mm with flame oblique Cool and detach the melt into a 2 j 0 ml portehu 
dish Add 100 ml of water and digest to disintegration on a steam bath Slowly 
idd 50 ml of concentrated hydrochloric acid with i cover over the dish and 
digest for 15 min Wash the cover evaporate to dryness on i steam Imh and 
b ike until the residue is crisp 


SILICA 

Procedure — \ dd 10 ml of concentrated hydrochloric acid to the baked residue 
from the sodium carbonate fusion and then add 40 ml of hot water Goier the 
dish and digest on the steam bath for about 15 mm Filter and wash with hoi 
water contumng 5 ml of concentrated hydrochloric acid per liter Wash seienl 
times after all yellow color has disappeared from the silica Place the filtrate aid 
w ishmgs m a 400 ml beaker evaporate to dryness on a steam bath and bike uni I 
the residue has a crystalline appearance Add 5 ml of concentrated hydrodilonc 
icid and 40 ml of hot water and again digest filter and wash Save the filtrate 
for subsequent determinations Place the 2 silica residues with their filter papers 
in a previously i 0 nited and weighed porcelain crucible Moisten with a few drop* 
of a s Hunted ammonium nitrate solution and heat cautiously with a low flaw 
until the filter paper is charred GradualU increase the heat and complete l£e 
ignition to constant weight by using a blast lamp or by placing the crucible in an 
electric furmce at 900°C Cool in a desiccator and weigh 
Calculation — 


W. eiG,b-t of residue,, %ea.rcs. V. IQQ 
oven dry weight of sample grams 


= silica (as S 1 O 2 ), per cent 


COMBIMD OXIDES OF IRON, ALUMINUM AND TITAMUM 
Procedure — Tnn sfer to a 400 ml beaker an aliquot of the combined srhea £1 
trues equivalent to 1 g of soil and concentrate to a volume of about 100 ml 
Neutralize with a 1 to 1 solution of ammonium hydroxide Make very shghtty ,c * 
with hydrochloric acid and heat nearly to boiling Add ammonium hydroxide 
solution until precipitation is complete and only a [amt odor of ammonia can bf 
detected Cover the beaker and boil the contents for 1 mm If necessary ad 
ammonium hydroxide solution dropwise until a faint odor of ammonia can 
detected Filter at once using asliless filter paper W 7 ash several times wiih 
2 5% ammonium nitrate solution Place the paper and us contents in the or| o' 
beaker Add 5 ml of concentrated hydrochloric acid macerate the paper qim v 
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using a pair of stirring rods, then add 50 ml. of water, and heat. Reprecipitate 
with ammonium hydroxide solution, filter, and wash the precipitate with the hot 
ammonium nitrate solution as previously directed. Continue to wash until the 
precipitate is free of chlorides. Dry the precipitate, separate it from the filter, and 
ignite it in a previously weighed porcelain crucible using the flame of an ordinary 
burner. Ignite the filter paper separately, and add the residue to the precipitate. 
Place the crucible in a muffle furnace and complete the ignition at 800° to 900°C. 
Cool in a desiccator and weigh. 

Calculation.— 

Precipitate, grams X 100 = FejOa + AI2O3 + TiC>2, per cent 

CALCIUM, MAGNESIUM, POTASSIUM, AND SODIUM 

These are important elements because of their effect on the physico-chemical be- 
havior of the soil, and the role they play in plant nutrition. Ordinarily, such 
properties are much more closely related to the quantity of calcium, magnesium, 
potassium, and sodium held as exchangeable cations 47 on the negatively charged 
colloidal surfaces of the soil than to the total amount present. Methods for ex- 
changeable cations are given in “Exchangeable Cations and the Cation Exchange 
Capacity,” below, p. 2325. Methods of total analysis for these elements will not be 
given here. Standard procedures have been published by Robinson 48 and are 
patterned on those developed for the analysis of silicate rocks. 

MANGANESE 

The manganese content of soil varies from trace quantities to several per cent, 
the latter amounts sometimes occurring in soils of the tropics. Much of the total 
manganese is quite inert as far as availability to the plant is concerned, and the 
determination of the manganese fraction occurring as an exchangeable divalent 
cation is much more useful in consideration of soil fertility (see “Calcium and 
Magnesium,” under "Exchangeable Cations and the Cation Exchange Capacity,” 
below, p. 2326). The determination of total manganese may be accomplished by 
digestion of the soil with hydrofluoric and sulfuric acids, followed by colorimetric 
measurement upon oxidation with periodate. 49 

SULFUR 49 

Most of the sulfur in the soil is associated with the organic matter except in 
some soils of the arid regions, which may contain accumulations of gypsum. (See 
“Gypsum and Water Soluble Salts in Saline and Alkaline Soils,” p. 2331.) The 
following procedure employs fusion with sodium carbonate and sodium nitrate 
followed by precipitation and determination of sulfur as barium sulfate. 

Procedure .— Mix 1 to 2 g. of 100-mesh soil with 5 times the weight of sodium 
carbonate and 0.2 or 0.3 g. of sodium nitrate. Place in a platinum crucible and 
fuse in an electric furnace. 50 After fusion, thoroughly disintegrate die melt with 

47 Soils of the and legions may also contain appreciable quantities of these elements as 
free caibonates, sulfates, and chloiides. Sec “Caibonate Carbon, Organic Carbon, and 
Organic Matter,” nbo\e, pp. 2313 and 2314, and “Gspsum and Water Soluble Salts in Saline 
and Alkaline Soils,” below, p. 2331. 

48 U. S. Dept. Agr. Ciic. 139; Soil Sci., 59, 7-11, 1945. 

49 Robinson, Soil Sci., 59, 7-11, 1945. Adapted b) permission. 

50 Special piecautions must be taken to avoid contamination by sulfur if the fusion is 
performed with a gas flame. See Hillebrand and Lundell, Applied Inorganic Analysis, 571. 
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water on the steam bath, preferably overnight Filter, wash, and make up y 0 
to 175 ml , tf not already of this volume Add enough hydrochloric acid, in excess 
of the quantity necessary to neutralize the sodium carbonate, to make the solution 
about 1 % hydrochloric acid Bring to a boil, and precipitate the sulfate with 10 ml 
of a 10% barium chloride solution, cool, pass through a small fine filter, and wash 
Ignite at a low temperature, and weigh Occasionally because of a long digestion 
or too large an excess of acid, the silica will gel One of the 2 following procedures 
may be adopted, and should be used before the barium chloride is added Remote 
the silica by evaporation and filtration, or remove it by precipitating the neutralized 
solution with ammonia Treat ignited barium sulfate with a few drops of hydro- 
fluoric and sulfuric acids, cautiously ignite, and weigh again As the reagents used 
ins anably contain some sulfur, run blanks alongside and treat m the same manner 
as the determinations 
Calculation — 


Precipitate, grams X 0 343 X 100 
oven-dry weight of sample, grams 


= sulfur (as S0 3 ), per cent 


TOTAL DETERMINATION OF OTHER SOIL CONSTITUENTS 
PHOSPHORUS 

Phosphorus plays essential roles in biological systems, and its determination m 
the soil has received much attention A great many schemes have been proposed 
for obtaining phosphorus fractions that differ with respect to availability to the 
plant, but no general agreement exists as to which, if any, of these fractions repre 
sent well defined components (See the section on phosphorus below under 
Chemical Analysis as a Measure of Soil Fertility, p 2334) Several methods for 
determining total soil phosphorus have been proposed A procedure consisting of 
perchloric acid digestion followed by colorimetric determination is given here 
bectuse of its sensitivity and its adaptability to routine use Its details are essen 
tnlly those reported by Bray and Kurtz 91 except that the Gerritz modification of 
die molybdenum blue method is employed for color development 52 

Reagent Solutions Quinaldme Red Indicator —Dissolve 0 01 g in 100 ml of 
water 

Sodium Bisulfite.— Dissolv e 8 g of sodium bisulfite (meta, powder) in 100 ml 
of 0 5 M sulfuric acid Prepare a fresh supply weekly 
Molybdenum Blue —Place 19 5 g of Mo0 3 (99 5 to 100%) in an 800 ml KjelhWi 
flask, add 500 ml of concentrated sulfuric acid (18 M) and heat with gentle mixing 
until solution is complete Cool to 150°C Weigh, on a small watch glass 12ag 
of molybdenum metal powder (200 mesh, 99 5 to 100%) and tiansfer to the Kjclduh 
flask keep at a temperature of 140° to 150"C , taking precautions not to excec 
150°C, and mix vigorously until the molybdenum metal is dissolved The fe» 

si Soil Sci , 59, 39-45 1945 Adapted by permission Other methods for total 
phorus are represented by that of Robinson, U S Dept Agr Circ 139 13-14 . 

the soil is digested with hydrofluoric acid, and that of Muir, Analyst 77, 313-1. * 

in which sodium carbonate fusion is used Muir stated that incomplete recovti 
phosphorus arc obtained with the perchloric acid digestion method But Sherma 
Eng Cheni , Anal Ed , 14, 182-5 1942 using the latter method found that it g lve 
recoveries of phosphorus than those obtained by hydrofluoric acid digestion 
vs Jour Assoc Off Agi Chcm , 23, 321-34 1940 U S Dept Agr Cite 757. 
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large particles that do not readily dissolve may remain. Cool, dilute a 5-ml. aliquot 
of this reagent with 20 ml. of water, and titrate with 0.1 N KMn0 4 to a pink that 
persists for a minute. The reagent should be 0.11 N; if less than 0.109 N, add a 
calculated quantity of molybdenum, and dissolve by reheating in a Kjeldahl flask 
to 150°C. When stored in the dark in a Pyrex, glass-stoppered bottle, the reagent 
will keep indefinitely. 

Dilute Molybdenum Blue.— Add 1 volume of molybdenum blue solution to 3 
volumes of water and cool. Prepare freshly as needed. 

Standard Phosphate.— Dissolve 0.2195 g. of pure dry KH 2 P0 4 in water, add 25 ml. 
of 0.5 M sulfuric acid, and dilute with water to 1 liter. This solution contains 50 
fig, of phosphorus per milliliter. Prepare working standards containing 10 and 1 /ig. 
of phosphorus per milliliter by appropriate dilution of the stock standard. 

Procedure.— Place 1 g. of 100-mesh soil in a 100-ml. Kjeldahl flask, add 20 ml. of 
60% perchloric acid, and digest until colorless or nearly so. Cool, dilute with 
water, and filter into a 250-ml. volumetric flask. Wash the residue well, make to 
the mark, and mix. Transfer an aliquot containing less than 50 fig. of phosphorus 
to a 50-ml. volumetric flask. Add 1 drop of quinaldine red indicator, and adjust 
until just colorless with 1 M sodium carbonate and 1 M sulfuric acid. Bring to a 
total volume of 35 ml. with water, add 4 ml. of sodium bisulfite solution, and 
immerse in a boiling water bath for 40 min. Then add 2 ml. of dilute molybdenum 
blue reagent, and continue the heating for exactly 25 min. Cool in a pan of cold 
water, make to the mark, mix, and measure the transmittancy at 650 mu. Run a 
blank determination through the entire procedure. Prepare a calibration curve 
by diluting aliquots of the working phosphorus standards to 35 ml., adding sodium 
bisulfite solution, and proceeding with color development as directed above. 

Calculation.— 

Phosphorus in aliquot, micrograms X 250 , , 

— — — — = phosphorus, parts per million 

aliquot, milliliters X weight of sample, grams 

Phosphorus, parts per million X 1 0 -4 = phosphorus, per cent 
Phosphorus X 2.29 = P^Ob 
BORON 53 

Reagent Solutions. 5 * Potassium Carbonate,— Dissolve 40 g. of the anhydrous salt 
in 100 ml. of distilled water. 

Quinalizarin. 55 — Dissolve 0.005 g. in 1 liter of 98.0% sulfuric acid. 

Standard Boron.— Dissolve 2.857 g. of pure boric acid in distilled water, and 
dilute to 1 liter. This solution contains 0.5 mg. of boron per milliliter. Prepare 
working standards containing 10 fig. and 1 fig. of boron per milliliter by appropriate 
dilution of the stock standard. 

Procedure.— Fuse 0.5 g. of 100-mesh soil with 3 g. of anhydrous sodium carbonate 
in a platinum crucible. Cool and place crucible in a 250-ml. beaker containing 
about 50 ml. of distilled water. Place a cover glass on the beaker and add 4 A r 

oaTruog, Soil Sci., 59, 85-90. 1915; AOAC, Methods of Analysis, 38. Adapted by per- 
mission. 

54 Ordinary soft-glass bottles and boron-free glassware should be used wherever possible 
to avoid possible contamination from borosilicate glass. 

os MacDougall and Biggs (Anal. Chem., 24, 566-9, 1952) found that increasing the 
quinalizarin concentration rendered the system much less sensitive to changes in sulfuric 
acid concentration. 
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sulfuric acid from umc to time until the melt has disintegrated and the solution 
has a pH of 5 5 to 6 0 (use an external indicator) Transfer the solution to a 500 ml 
volumetric flask Wash the beaker several times with water and add the tushinn 
to the flask not allowing the total volume to exceed 150 ml Make to volume 
with methanol or ethanol and mix Allow to stand and then decant through a 
filter or danf) by centrifuging Place a 400 ml aliquot of the dear solution in a 
600 ml beaker (boron free glass) and add 100 to 150 ml of water to present subse 
quent earlj precipitation Add potassium carbonate solution until the solution 
is alkaline evaporate to a small volume and transfer to a platinum dish Evaporate 
to dr) ness and ignite at a temperature not over 450°C just long enough to destroy 
organic matieT After cooling add 4 ml of 0 36 A sulfuric acid and triturate thor 
oughl) with a policeman Place i 1ml aliquot of this solution in a soft glass test 
tube (22 b) 150 mm inside dimensions) add 10 ml of the quinalizarin sulfuric and 
solution 66 stopper tube and mix thoroughly by swirling gently Cool to 2a'C 
transfer to a colorimeter tube 5 and read using a 590 to 610 m/i filter Reagent 
blanks should be carried through the entire procedure 
A calibration curve is prepared by adding aliquots of the working standards 
containing from 0 2 to 3 iig of B to soft glass test tubes diluting to exactly 1 ml 
with water and proceeding with addition of the quinalizarin sulfuric acid solution 
and color measurement as directed above 
Calculation — 

Boron in aliquot, micrograms X 5 , 

: boron parts per million 

weight of sample grams 

COBALT, COPPER AND ZINC 

A scheme of analysis for these elements m soils described by Holmes 58 employs 
perchloric acid digestion in a wide mouthed conical flask fitted with a special reflux 
cover glass Ditlnzone is employed for the separations and the colorimetric estima 
tions are made using the cobalt nitrosocresol, copper diethyldithiocarbaraate and 
zinc ditlnzonate complexes Holmes indicated complete removal of these elements 
by perchloric acid digestion when properly carried out Other authorities 59 prefer 
to decompose the sample with hydrofluoric acid Copper has been determined di 
recily m soil digests without recourse to a preliminary dithizone separation using 
sodium diethylduhiocarbamate f ° or zinc dibenzyldithiocarbamate 81 

=** It is important that the final sulfuric acid concentration be exactly the same for all 
comparable determinations Therefore the boron containing aqueous volume mixed min 
the 10 ml of quinalizarin sulfuric acid reagent must be exactly 1 ml and the reagent 
should be protected from contamination by atmospheric moisture Convenient means for 
accomplishing the latter have been described (Soil Sci 59, 85-90 1945 Anal Chew 2 
566-9 I9 d2) 

nr The color comparison tubes must be selected with more than ordinary care to w 
free of imperfections or blemishes because of the high refractive index of the colored su 
furic acid solution 
ss Holmes Soil Sci 59, 77-84 1945 

59 Soil Chemical Analysis 399 Prince in Chemistry of the Soil 342-9 
eo Soil Chemical Analysis 397-8 

61 Hagstrom and Rubins Storrs Agr Exp Sta Bui 360 1961 
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DETERMINATION OF MOLYBDENUM 

Molybdenum is determined by sodium carbonate fusion, followed by colorimetric 
estimation of the molybdenum-thiocyanate complex. 62 The molybdenum-dithiol 
complex has also been used. 63 

OTHER CONSTITUENTS 

Other constituents normally present in trace amounts in the soil, may sometimes 
occur in such quantities that plant or animal development is affected. Two well- 
known examples of this are selenium and fluorine. Selenium is determined by tire 
hydrobromic acid distillation method, 65 and fluorine by distillation and titration 
with thorium nitrate. 66 

EXCHANGEABLE CATIONS AND THE CATION 
EXCHANGE CAPACITY 

The colloidal portion of the soil consists of clay and humus. The surfaces of 
these substances have a negative charge that is neutralized by various cations held 
in exchangeable form. The total exchange capacity of a soil and the relative pro- 
portions among different cations absorbed on it may vary greatly from soil to soil. 
These variations affect the physical and chemical properties of soils and their 
suitability for growth of different crops. 

EXCHANGEABLE METAL CATIONS 

The method depends upon the replacement of adsorbed cations by treatment 
with an excess of a single cation. This is followed by quantitative determination 
of the exchanged cations in the solution containing the excess of replacing ion. 
Many reagents have been used to accomplish this replacement. 67 Of these, neutral 
normal ammonium acetate is the most widely used. 

AMMONIUM ACETATE EXTRACTION 63 

Reagent Solution. Neutral Normal Ammonium Acetate.— Prepare a solution 
containing 70 ml. of ammonium hydroxide (sp. gr. 0.90) and 58 ml. of acetic acid 
(99.5%) per liter of final solution desired. Cool, adjust exactly to pH 7.0, and 
dilute to volume with water. 

Procedure .— Place 50 g. of 2-mm. soil in a 250-ml. conical flask, and add 100 ml. 
of ammonium acetate solution. Stopper, shake the flask for several minutes, and 
allow to stand overnight. Transfer the contents of the flask to a small Buchner 
funnel (Coors No. 1) fitted with moist 5.5-cm. Whatman No. 42 filter paper, and 
filter, applying gentle suction. Leach the soil with an additional 400 ml. of 
ammonium acetate, adding small portions at a time and using gentle suction, so 
that the leaching process will require not less than 1 hr. If desired, reserve the 

«■- Purvis and Peterson, Soil Sci., 81, 223-8, 1956. 

•at Clark and Axlcy, Anal. Chem., 27, 2000-3, 1955. 

McMurtrcy and Robinson, in Soils and Men, U. S. Dept. Agr. Yearbook of Agriculture, 
Washington, D. C., 807-29, 1938. See also Bear, in Soil, U. S. Dept. Agr. Yearbook of 
Agriculture, 165-71, 1957. 

66 Robinson, Soil Sci., 59, 93-5, 1945; Methods of Analysis, 36-8. 

66 Mclntire, Soil Sci., 59, 105-9, 1945; Methods of Analysis, 39. 

67 Kelley, Cation Exchange in Soils, Reinhold Publishing Corp., New York, 83-95, 1948. 

cs U. S. Dept. Agr. Circ. 757, 7-9. 
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cations in soils of the arid regions containing alkaline earth carbonates or soluble 
alkali salts. 76 


CATION EXCHANGE CAPACITY 

The determination of cation exchange capacity depends upon the saturation of 
the negatively charged soil colloids with a particular cation, followed by the quanti- 
tative replacement and determination of the saturating ion. Because of the complex 
and variable nature of the soil colloidal fraction, it may be impossible to define 
precisely a set of experimental conditions by which this can be achieved for all 
soils. In practice, one of several more or less arbitrary methods is employed. The 
results obtained by a given method have practical value when comparing a given 
soil with other more or less closely related soils. The procedure given here is 
widely used but it is only one of several methods. 77 In the method given below, 78 
the soil is saturated with ammonium ion, -which is then displaced with acidified 
sodium chloride, and determined. 

EXTRACTION OF ADSORBED AMMONIA 

Reagent Solution. Acidified Sodium Chloride.— Dissolve 100 g. of ammonia-free 
sodium chloride in 1 liter of approximately 0.005 N hydrochloric acid. 

Procedure.— Saturate the soil with ammonium ion by treatment with ammonium 
acetate solution as directed under "Ammonium Acetate Extraction,” p. 2325, above. 
Wash out the excess of ammonium acetate from the ammonium-saturated soil on 
the Buchner funnel with 200 ml. of 95% ethanol, 79 using small portions at a time 
and draining well between each addition. Then extract 80 the absorbed ammonium 
by leaching the soil with 450 ml. of acidified sodium chloride solution, adding small 
poitions at a time and draining well between each addition. Determine ammonia 
in the extract by distillation or by nesslerization as directed below. 

AMMONIA BY DISTILLATION 

Procedure.— Transfer the sodium chloride extract to a Kjeldahl flask, add 25 ml. 
of 1 N sodium hydroxide, and distill 200 ml. into 60 ml. of standard 0.2 N sulfuric 
acid. Titrate the excess of acid with standard 0.1 N sodium hydroxide, using 
methyl red indicator. Run a blank determination on the acidified sodium chloride 
solution in the same manner. 

Calculation.— 

(Blank titer, milliliters — sample titer, milliliters) X normality of NaOH X 100 

weight of sample, grams 

= cation exchange capacity, milliequivalents per 100 g. of soil 

78 For a discussion of this problem, see Soil and Plant Analysis, 157-9. See also Bower, 
et al., Soil Sci., 73, 251-61, 1952. 

77 See Kelley, op. cit., 95-9. 

7S U. S. Dept. Agr. Circ. 757, 9-10. 

70 The alcohol should be tested for acidity. Not more than 0.01 milliequivalents of 
sodium hydroxide should be required to bring 50 ml. of 95% ethanol mixed -with 35 ml. of 
cnibon dioxide-free water to a slight pink color with phenolphthalein. 

80 With calcaicous soils, there may be some loss of ammonia during the extraction. To 
avoid this, ttansfcr the alcohol-washed soil and filter paper to a Kjeldahl flask, add 400 ml. 
of water, about 10 g. of sodium chloride, 5 drops of a 1:1 by volume mixture of mineral 
oil and capiyl alcohol, and 25 ml. of normal soil hydroxide. Distil and determine am- 
monia as directed in the following section. 
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AMMONIA BY KESSLER IZATION 

Reagent Solutions Nessler Reagent —Dissolve 45 5 g of mercuric iodide and 
35 0 g of potassium iodide in a minimum amount of water Add 112 g of poias 
sium hydroxide mix cool and dilute to 1 liter with water Allow to settle for a 
few days and use the clear supernatant liquid which should be stored in a bro n 
glass bottle 

Sodium Tartrate -Dissolve 100 g of sodium tartnte (Na 2 C 4 H 4 O g 2H 2 0) in 
water and dilute to I liter 

Standard Ammonium —Dissolve 2 674 g of ammonium chloride m water and 
dilute to the mark in a volumetric flask of 1 liter capacity Add 1 ml of chloroform 
as a preservative This solution contains 0 0o milhequiv alent ammonium ion jut 
milliliter 

Procedure —Transfer the sodium chloride extract to a 500 ml volumetric flask 
and make to volume with the sodium chloride extracting solution After miving 
transfer an aliquot to a 50 ml volumetric flask and dilute to about 45 ml vsitl 
water Add 1 ml of sodium tartrate solution and 2 5 ml Nessler reagent mixing 
well after each addition Make to volume mix and measure percentage of trans- 
mission after 2a min at 410 him light maximum Run a blank determination 
using a volume of sodium chloride extracting solution equal to the sample alquot 
The calibration curve is prepared by adding sodium tartrate solution and Nessler 
reagent as directed above to aliquots of a working standard prepared bj d Jut ng 
5 ml of the standard ammonium solution to 500 ml The working standard con 
tains 0 0005 milhequiv alents ammonium ion per milliliter 
Calculation — 

Sample ammon ia, milhequivalents — blank ammonia, roilliequival ents X 500 X IM 
aliquot milliliters X weight of sample grams 

= cation exchange capacity milhequivalents per 100 g of sal 

DETERMINATION Or SOIL REACTION (pH), EXCHANGEABLE 
HYDROGEN, AND LIME REQUIREMENT 

SOIL REACTION (pH VALUE) « 

Soil reaction is best determined electrometrically using the glass electrode al 
though methods employing indicator papers or solutions are useful for rough 
approximations Practical inferences may be drawn relating soil reaction to cheroi 
cal properties of the soil and its suitability for plant growth (See Chemical Anal 
ysis as a Measure of Soil Fertility p 2333 below) Many methods have lice 
proposed for preparing soil samples for pH measurements with the glass electrode 
Some soils of the and regions present problems because of solubility and hjdroly' 
effects involving free alkali and alkaline earth salts s " High ratios of soil mwW 
more closely approach field conditions but results are likely to be unreliable * 
cause of poor soil electrode contact and other effects 83 Increasing ratios of wK 
to soil are likely to increase pH values somewhat because of dilution effects 

si See Reed and Cummings (Soil Sci 59, 97-104 1945) for a review of methods and 
techniques for measuring soil pH values 
82 Diagnosis and Improvement of Saline and Alkali Soils 17-8 
as Davis SoilSci 56,405-22 1913 
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choice of method, two of which are given below, is more or less arbitrary for most 
soils. There is probably no justification in reporting measurements with greater 
precision than the nearest 0.1 pH unit. 

1:1 SOIL : WA T ER RATIO METHOD** 

Procedure .— Place about 20 g. of 2-ram. soil in a 50-ml. beaker. Add an equal 
volume of distilled water, and stir at regular intervals for 1 hr. Measure the pH 
value of the suspension with the glass electrode, stirring well just before placing 
the electrodes deep in the suspension. 

SATURATED SOIL PASTE METHOD™ 

Procedure.— Place about 40 ml. of 2-mm soil in a 50-ml. beaker. Add water to 
the soil in small increments without stirring, until water just wets the entire soil 
mass. Slowly add a few drops more until the surface glistens slightly. Then stir 
with a glass rod, and add water dropwise until the soil forms a thin paste that 
slowly flows together to close a hole made by the rod. Insert the electrodes into 
the paste, and measure the pH value. Move the glass electrode about to insure 
good soil contact and record the pH value when the reading is sensibly constant. 

EXCHANGEABLE HYDROGEN 

Exchangeable hydrogen may be determined directly or it may be determined by 
difference by deducting the sum of the exchangeable metallic cations from the 
cation exchange capacity. Since the magnitude of the latter value may vary some- 
what with the method of determination (see “Cation Exchange Capacity,” p. 2327, 
above), it follows that the value for exchangeable hydrogen is also empirical. Direct 
methods of determination depend upon the measurement of the hydrogen ion 
that is released when soil is treated with salt solutions that are well buffered in the 
neutral range. The replacing systems include those containing such cations as 
ammonium, barium, or calcium buffered with substances such as acetate, triethanol- 
amine, or p-nitrophenol. sc Values for exchangeable hydrogen obtained by various 
direct methods do not always agree closely among themselves, or with those for 
exchangeable hydrogen obtained by difference. As with any set of empirical 
methods, the particular method used must be specified when comparing results 
obtained on different soils. The practical usefulness of whichever method is 
adopted usually depends upon the correlation of the values obtained by a given 
method with some other set of values. 

EXCHANGEABLE HYDROGEN BY DIFFERENCE er 
Cnlcidntion .— Deduct the sum of the exchangeable metallic cations (see “Deter- 
mination of Individual Metal Cations,” above, p. 2326) (calcium, magnesium, manga- 
nese, potassium, and sodium), expressed as milliequivalents per 100 g. of soil, from 
the cation exchange capacity (see "Calculation,” under “Ammonia by Nessleriza- 
tion,” above, p. 2328), expressed as milliequivalents per 100 g. of soil. Soils of the 
humid region usually contain such small quantities of exchangeable sodium that 
this value is often not considered in the calculation for such soils. 

S4 U. S. Dept. Agr. Circ. 757, 5. 
ss Soil Chemical Analysis, 45-6. 

sc Sec the discussion by Peech and Bradfield, Soil Sci., 65, 35-55, 1948. 
st U. S. Dept. Agr. Circ. 757, 12. 
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DIRECT DETERMINATION OF EXCHANGEABLE HYDROGENS 
NEUTRAL CALCIUM ACETATE METHOD 
This method is only one o{ several direct methods that ha\e been proposed for 
tins determination 

Reagent Solutions Calcium Acetate, 0 5 M.— Dissolve 176 g Ca(C,H 3 0j) HO 
in 2 1 of stater, and adjust to pH 7 by titration with normal acetic acid, usfn* |j t 
glass electrode as indicator (Approximately 4 ml of the acid are required) 
Prepare the supply needed for I week, and store in a bottle provided with i 
siphon and soda lime tube 

Barium Hydroxide, 0 1 A 7 .— Dissolve 0 05 molar weight B.i(OH) i -8H,,0 per Inn 
allotting 2 % excess for impurities and C0 2 contamination Let stand 21 lit 
Prepare a storage bottle, freed of C0 2 , and presided with a siphon and soda lime 
guard tube Draw the barium hydroxide solution into the prepared bottle to 
applung suction at the soda lime tube and drawing the solution through a fritted 
glass filter Connect the solution ssith a 25 ml pinchcock buret, prosided viih 
a side tube for gravity feed and soda lime tube at top 88 
Procedure.— Place a weighed sample of 2 mm soil containing 1 to 2 milliequn 
aleius of exchangeable hydrogen in a 250 ml conical flask Add about 100 ml of 
the calcium acetate solution stopper, and shake several times during the first hour 
Let stand osernight Filter the soil suspension through a 12 5 cm paper into i 
250 ml volumetric flask Transfer the soil to the filter with a stream of the calcium 
acetate solution and wash with small quantities of this solution until volume is 
just belois the 250 ml mark Discard the soil and mike to volume with the same 
solution Transfer to a 400 ml beaker, rinse flask with water, and titrate potently 
metrically with the barium hydroxide solution to pH 8 8 Similarly, titrate a 2 j[) 
ml portion of the calcium acetate solution 
Calculation.— 

JfSoil extract titer, milliliters — calcium acetate titer, milliliters) 1 

I X normality of Ba(OH )2 X 100 f 

weight of sample, grams 

= exchangeable hydrogen, milhequivalents per 100 g of sou 

LIME REQUIREMENT 80 

Tins term is used to indicate the quantity of a liming material needed to adjust 
the reaction of an acid soil to some specified pH value, commonly 6 5 or 70 'll* 
term does not have a precise definition, and in using it, both the intended pH value 
and the particular liming material should be specified (i e , CaC0 3 , GaO etc). 
Most methods for determining lime requirement involve the estimation oi exchange 
able hydrogen Since the laboratory methods do not allow for certain effects w 
countered in the field, it is necessary to multiply the laboratory results by jn 
empirical ‘lime factor,” which ranges, for various soils, from 1 5 or even k» 10 
as much as 3 

88 Methods of Analysis, 42-3 See also Shaw, Jour Assoc Off Agr Chew. 

1951, and 35, 597—021, 1952 . j* 

8 * Standardize by titrating into a measured volume of standard hydrochloric ao ^ 
not attempt to adjust to exactly 0 1 AT See Treadwell and Hall, Analytical Cnem J 
Quantitative. 7th Ld , John iley and Sons Inc , Jsew York, 481-2, 1 930 
VO Peech and Bradfield Sod Set , 65, 35-55, 19 18 
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GYPSUM AND WATER SOLUBLE SALTS IN SALINE 
AND ALKALI SOILS 

DETERMINATION OF GYPSUM 91 

Considerable accumulations of gypsum 92 may occur in some soils of the arid 
regions. The mediod given below depends on the conductimetric estimation of 
gypsum separated from a soil-water extract by acetone precipitation. The method 
is simple and is more rapid than older procedures involving separate determinations 
of calcium and sulfate. 

Procedure .— Place 10 to 20 g. of air-dry, 2-mm. soil 93 in an 8-oz. bottle, and add 
a measured volume of distilled water sufficient to dissolve the gypsum present. 94 
Shake by hand 6 times at 15-min. intervals or agitate for 30 min. in a mechanical 
shaker. Filter the extract through paper of medium porosity. Transfer a 20-ml. 
aliquot of the filtered extract containing 0.1 to 0.6 milliequivalents of calcium sul- 
fate to a 50-ml. conical centrifuge tube. Add 20 ml. of reagent grade acetone, and 
mix the contents of the tube. Let stand until the precipitate flocculates, usually 
5 to 10 min. Centrifuge for 3 min. at 1000 times gravity, decant the supernatant 
liquid, invert the tube, and drain on filter paper for 5 min. Disperse the precipi- 
tate, and rinse the wall of the tube with a stream of 10 ml. of acetone blown from 
a pipet. Centrifuge for 3 min., decant, and drain for 5 min. as before. Add 
exactly 40 ml. of distilled water to the tube, stopper, and shake until the precipitate 
is completely dissolved. Measure the conductivity with a conductivity cell and 
Wheatstone bridge. Correct die conductivity reading to 25°C., using the formula: 95 

EC 2 - = EC t [1 -f- 0.02 (25 - t)J 


where EC 2 ~ and EC, are the electrical conductivities at 25°C., and at die observed 
temperature, t, respectively. Calculate the concentration of calcium sulfate in solu- 
tion from a graph prepared from the following data: 


CaSOi Concentration 

Electrical Conductivity 
at 25°C. 

{Milliequivalents per Liter) 

{Millimhos per Centimeter) 

1 

0.121 

2 

0.226 

5 

0.500 

10 

0.900 

20 

1.584 

30.5 

2.205 


oi Bower and Huss, Soil Sci., 66, 199-204, 1948. Adapted by permission. 

" Calcium carbonate is also a common constituent of such soils. For determination, 
sec "Carbonate Carbon, Organic Carbon, and Organic Matter,” above, p. 2313. 

92 The soil must not have been oven-dried. See Bower and Huss. op. cit. 

94 A 1:5 soil-water ratio will dissolve about 15 milliequivalents per 100 g. of soil. Use 
a more dilute extract than 1:5 if it is found that the gypsum content of the soil approaches 
15 milliequivalents per 100 g. 1 

ns International Critical Tables, 1, 231 and 236. 
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Calculation. 86 — 

CaSOt tmlUequtvalents per liter X 0 2 
soil, grams water, milliliters extraction ratio 

= gypsum, milhequivalents per 100 g cf soil 

WATER SOLUBLE SALT S 

Excessive quantities of soluble salts may occur in some soils of the and regions 
The soluble ions usually present consist chiefly of sodium, calcium, magnesium 
chloride, and sulfate, although the potassium, bicarbonate, carbonate, and nitrati 
ions may sometimes occur m more than minor amounts 9 High le\els of sotolA 
salts sometimes occur in soils of the humid regions that hate been influenced b' 
waters of marine origin or by very heavy applications of fertilizer Various ratio, 
of soil to water hate been proposed for the extraction and estimation of soluble 
salts 88 but the composition of the extract obtained at high ratios of water to soil 
does not represent the conditions actually encountered by the crop in the field M 
For general purposes, the U S Salinity Laboratory recommends extraction at the 
moisture saturation percentage, which is a rather easily reproduced moisture condi 
tion that can be approximated without special laboratory apparatus 

PREPARATION AND ANALYSIS OF THE SATURATION EXTRACT™ 
Procedure .— Add distilled water to a 250 g sample of 2 mm air-dry soil while 
stirring with a spatula At saturation the soil paste glistens as it reflects light 
flows slightly when the container is tipped, and the paste slides freely and cleanly 
off the spatula for all soils but those with a high clay content After mixing allow 
the sample to stand for 1 hr or more, and then the criteria for saturation should 
be rechecked Free water should not collect on the soil surface, nor should die 
paste stiffen markedly or lose its glistening appearance on standing If die paste 
does stiffen or lose its glisten, remix with more water Transfer the saturated paste 
to a filter funnel, and filter under vacuum 101 If the initial filtrate is turbid refilter 
through the soil or discard 

The saturation extract so prepared may be analyzed for a variety of inorganic 
constituents, in addition to the determination of specific electrical conductance 
The latter determination is particularly useful in diagnostic work dealing with crop 
growth on soils of the and regions The soluble cations and amons coromor.!) 
determined in saline and alkali soils include calcium, magnesium, sodium, potas- 
sium, carbonate, bicarbonate, sulfate, and chloride 102 

no The formula assumes a 20 ml aliquot of extract taken and the precipitate dissolved 
in 40 ml of water for conductivity reading 
nr Diagnosis and Improvement of Saline and Alkali Soils, 3 
os Soil Chemical Analysis, 240-51 

9» Reitemeier and Wilcox, Sod Set , 61, 281-93, 1946 . 

ioo S ee Diagnosis and Improvement of Saline and Alkali Soils, 84-100, and i,a »\ 
et al , Soil Sci , 59, 65-75, 1945, for details of preparation and analysis of salu 
extracts 

Fot chemical analysis, the saturated paste should stand 4 to 16 hi before 
102 For detailed procedures and interpretation of results, see Diagnosis and Imp 
ment of Saline and Alkali Soils 
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CHEMICAL ANALYSIS AS A MEASURE OF SOIL FERTILITY »» 

Methods of soil chemical analysis have found widespread use in the evaluation 
of the soil as a medium for crop growth. Such evaluation may apply to plant 
growth in general, or it may be geared to the individual needs of a specific crop. 
It must consider such direct effects as deficiency conditions in which the level of 
a biologically essential ion is so low that plant growth is limited, as well as toxicity 
conditions in which the level of an ion, biologically essential or not, is so high 
that the plant is adversely affected. The latter situation, perhaps, should be ex- 
tended to include the nonspecific effects of high concentrations of soluble salts. 
Other determinations may be indirectly related to plant growth. For instance, 
certain crops are quite specific in their pH requirements. This may not be at- 
tributable to the effect of the hydrogen ion concentration per se, but to some other 
factor, known or unknown, that is correlated with pH value. 

The total quantity of an element in the soil is not necessarily a reliable index 
of its availability to the plant. That portion of an element occurring as a con- 
stituent of soil minerals may contribute only very slowly to the portion actively 
participating in plant nutrition because of the limited rate of mineral weathering. 
This consideration does not apply so strictly to total analysis for elements such as 
nitrogen and sulfur that have reserve forms that are organic rather than inorganic 
in nature. Here the processes of organic decay can more rapidly convert the 
element into soluble ionic forms that can be utilized by plants, although the rate 
at which the conversion takes place varies with the rate of decomposition of the 
organic matter. In the case of some biologically important elements of trace or 
occasional occurrence in the soil, total analysis is sometimes used because better 
methods of establishing availability are lacking. 

Early efforts to devise chemical techniques for determining the quantity of an 
element in the soil available to the plant were directed toward the duplication of 
the solvent action of plant roots. It is now recognized that the situation is far 
more involved than was at first realized, and that there is probably no simple, con- 
venient way of simulating such effects in the laboratory. Methods that purport to 
remove and measure the fraction of an element available for plant growth are now 
recognized as empirical in nature. Their usefulness lies in the correlations that 
can be made between the values obtained and the actual behavior of a crop under 
\arious conditions in the field. 

AVAILABILITY OF CATIONS 

For those elements that occur as cations in solution, the quantity held in ex- 
changeable form on the cation exchange complex is probably the best single 
measure of availability. This represents a reasonably well-characterized fraction 
for potassium, calcium, magnesium, manganese , 301 and possibly for essential trace 
constituents, such as zinc and copper. Exception to this statement is found in those 
soils of the arid regions that contain accumulations of alkali and alkaline earth 
salts. It should also be pointed out that the presence of calcium as an exchange- 

103 See Bear, F. E., et ah. Diagnostic Techniques for Soils and Crops, The American 
I’otash Institute, Washington, D. C„ 1948, for a survey of chemical and biological ap- 
pi oachcs to this problem. ' b 1 

ioi The ammonium cation is frequently present in small quantities in soils. For deter- 
mination, sec ‘‘Ammonia," p. 2316, above. 
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able cation rs especially significant from the standpoint of its predominant role w 
reducing soil aciditv rather than from its role m plant nutrition Symptoms of 
calcium deficiency in die plant are quite ur ommon e\en in acid soils containin'* 
little exchangeable calcium 

A\ \ILABIl IT\ OF PHOSPHORUS 
In contrast to the situation ivith cations there is no general mednmsm for rc 
tentioti of inorganic anions in available forms in the soil Such anions as nitrate 1 1 
chloride and sulfate 100 are readily removed by leaching This does not apply u 
phosphorus however which occurs in available form as ortho phosphate Tie 
phosphate anion is held tenaciously by the soil but no general agreement eusts 
is to the precise nature of the equilibria between phosphate amiable to the 
plant and the \anous mineral and organic resera e forms of phosphorus \!so 
there is no general agreement on the best chemical method of measuring phos 
phorus availability The methods that follow represent 3 of the several approaches 
that ha\e been made to the problem of desising a suitable extractant for available 
soil phosphorus. 

DILL TE ACID SOLUBLE PHOSPHORUS- 
MODIFIED TRLOG METHOD 10 

This method is one of the many procedures that employ dilute mineral or 
organic acid solutions for extraction It has been widely used on acid soils but 
on soils that are not acid or on those that have been fertilized with rock phos- 
phate there has been poor correlation between the results obtained and crop 
response to phosphate fertilization 109 

Ilergent Solution Sulfunc Acid Ammonium Sulfate Extractant —Dilute stand 
ard stock 0 1 \ sulfuric acid to 0 002 \ and add 3 R of ammonium sulfate per liter 
Procedure —Place -1 g of 2 mm soil in a 500 ml conical flask Add 400 ml of 
the extrictint solution stopper and shake for 30 min m a reciprocating or end 
over end sinker Filter at once through 11 cm Whatman No 42 filter paper ds- 
ordmg the filtrate until it comes through perfectly clear Transfer an aliquot to 
a d 0 ml volumetric flask dilute to 35 ml with distilled water and proceed v itli 
the color development and measurement as directed for determination of total 
phosphorus 1 9 beginning with the addition of the sodium bisulfite solution (It is 
not necessary to adjust the acidity) 

Calculation — 

Phosphorus m aliquot micrograms X extractant volume, milliliters 
aliquot milliliters X weight of sample grams 

— dilute acid soluble phosphorus parts per in 11 on 
ADSORBED PHOSPHORUS-rLUORIDE EXTRACTIO\ METHOD «• 

In this method the fluoride ion is used to replace or dissolve phosphorus ad 
sorbed or precipitated on the colloidal soil surfaces The method appears to he 

1 s cc Nitrate \itio 0 cn p 2317 above for determination 

• «Scc \\ a ter Solid lc Salts p 233° above 

n» U S Dept Agr Circ 7o7 3-a 

i° 9 So«l Chcm cal Analysis lo4 

1 J S-e I hosj bonis p 2322 above 

1,0 Bray and Kurtz Soil Sci 59,39-k> 1945 
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adaptable to a wider range of soil conditions than are the dilute acid extraction 
methods. 

Reagent Solutiotis. Ammonium Fluoride-Hydrochloric Acid Extractant.— Add 
15 ml. of N ammonium fluoride 111 and 25 ml. of 0.5 N hydrochloric acid to 460 ml. 
of distilled water, to give a solution 0.03 N, with respect to ammonium fluoride, 
and 0.025 N with respect to hydrochloric acid. 

Stock Stannous Chloride.— Dissolve 10 g. of reagent grade stannous chloride 
(SnCl„-2H„0) in 25 ml. of concentrated hydrochloric acid. Store in a black, glass- 
stoppered bottle, and prepare fresh every 6 weeks. 

Ammonium Molybdate-Hydrochloric Acid.— Dissolve 15 g. of reagent grade 
ammonium molybdate ((NH 4 ) 0 Mo 7 O 24 -4H..O) in about 350 ml. of warm distilled 
water (50°C.). Filter if necessary. Add 350 ml. of 10 N hydrochloric acid, slowly 
with stirring. Cool and dilute to 1 liter with distilled water. Mix and store in a 
black, glass-stoppered bottle. Prepare fresh every 2 months. 

Dilute Stannous Chloride.— Add 1 ml. of stock stannous chloride solution to 332 
ml. of distilled water, and mix. Prepare fresh every 4 hr. as needed. 

Procedure .— Place 1 g. of 2-mm. soil in a glass vial. Add 7 ml. of ammonium 
fluoride-hydrochloric acid extractant, and shake for 1 min. Pour at once on a 
7-cm. filter paper. To a l-ml. aliquot of the filtrate, add 6 ml. of distilled water 
and 2 ml. of ammonium molybdate-hydrochloric acid reagent. Mix well. Add 
1 ml. of dilute stannous chloride reagent and mix. After 5 or 6 min., read photo- 
metrically at 675 m n. The standardization curve is prepared from graded amounts 
of standard phosphate solution developed in the same manner, including the same 
quantity of extractant solution. 

Calculation.— 

Phosphorus in aliquot, micrograms -X extractant volume, milliliters 
aliquot, milliliters X weight of sample, grams 

= adsorbed phosphorus, parts per million 

BICARBONATE EXTRACTABLE PHOSPHORUS 

This method was developed in an attempt to find a procedure for extracting 
available phosphorus that would be applicable to acid, neutral, and alkaline soils. 
On calcareous soils, the reagent is presumed to prevent secondary precipitation of 
phosphorus during extraction, by depression of the calcium ion activity. On acid 
and neutral soils, the phosphate adsorbed on the surface of the soil particles is pre- 
sumed to be displaced by ionic competition with the bicarbonate, carbonate, and 
hydroxyl ions of the extracting solution. 

Reagent Solutions. Sodium Bicarbonate Extractant.— Prepare a 0.5 M solution 
of sodium bicarbonate, adjusted to pH 8.5 with sodium hydroxide. Add a layer 
of mineral oil to prevent changes in pH during storage. 

Ammonium Molybdate-Hydrochloric Acid.— Prepare as directed for the fluoride 
extraction method, above, except that each liter should contain 410 ml. of 10 N 
hydrochloric acid. 

Dilute Stannous Chloride.— Prepare from stock stannous chloride solution as 
directed for the fluoride extraction method, above. 

tn The 1 N ammonium fluoride solution should be stored in a wax-lined bottle. The 
extractant solution will keep in glass for more than 1 year. 

ns Olsen, et al ., U. S. Dept. Agr. Circ. 939, Washington, D. C., 1954. 
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Pi ocedure -Place 5 g of 2 mm soil in a suitable flasL Add 100 ml of sodium 
bicarbonate extractant solution and 1 teaspoon of carbon black 11S Shake at a 
constant rate for 30 min Add more carbon black to the flask after shaking if the 
filtrate is not clear Filter through Whatman No 40 or other suitable* 5 paper 
Transfer a 5 ml aliquot of the filtrate to a 25 ml \olu metric flask If a smaller 
aliquot of filtrate is taken make up the difference with sodium bicarbonate ex 
tnctant solution Slowly add 5 ml of ammonium molybdate hydrochloric acid 
solution and \ery cautiously shake the flask until the evolution of carbon dioxide 
subsides Wash down the neck of the flask with distilled water and dilute to about 
a 20 ml volume Add 1 ml of dilute stannous chloride solution mix immediately 
by swirling dilute to volume and mix Read photometrically at 675 p between 

4 and 20 mm after color development Tlie calibration standards should be pre 
pared in the same manner including the 5 ml portion of extractant solution 

Calculation — 

Phosphorus m aliquot, microgra ms X extractant volume, milliliters 
aliquot, milliliters X weight of sample, grains 

— bicarbonate extractable phosphorus parts pci million 

AVAILABLE BORON 114 

With the exception of boron chemical methods of measuring the availability ol 
elements required by plants in trace amounts are not well established 11 # Boron 
is a trace constituent of most soils although excessive amounts are sometimes en 
countered in soils of the arid regions giving rise to symptoms of boron toxicity 
in plants 118 The determination of water soluble boron has been widely used as 
a measure of boron availability 

Procedure —Place 20 g of 2 mm soil in a 125 ml Florence flask of boron free 
ghss Add 40 ml of distilled water attach a reflux condenser and boil for 5 min 
Filter the suspension with suction on a Buchner funnel or centrifuge untd the 
supernatant liquid is clear 117 Place 20 ml of the clear extract in a platinum dish 
and add 5 drops of potassium carbonate solution 118 or place in a porcelain cru 
cible and add 2 ml of a saturated solution of calcium hydroxide Evaporate to 
dryness and ignite gently to destroy nitrates and all organic matter Cool add 

5 ml of approximately 0 36 \ sulfuric acid and triturate thoroughly with a police 
man Filter through a 9 cm paper and determine boron on a 1 ml aliquot of the 
filtrate as directed in the procedure for total boron Boron above p 2323 

Calculation — 

Boron in aliquot, micrograms X 10 , 

: — — = available boron, parts per million 

weight or sample, grams 

ii3 The carbon black should be pretreated to remove traces of phosphorus Lejch with 
sodium bicarbonate extractant solution wash with water, and dry 

niTruog Soil Sci 59, 85-90 194o See also Methods of Analysis 38 

ns See Soil Chemical Analysis 388-415 for a review of methods of determining ava» 
ability of trace nutrients 

1,8 See Diagnosis and Improvement of Salme and Alkali Soils 19 and 63 

1X7 Add not more than 0 05 g of calcium chloride to aid clarification 

118 Dissolve 40 g of anhydrous potassium carbonate in 100 ml of distilled water 
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SOIL TESTING 118 

One task of the agricultural adviser is to make recommendations regarding the 
application of fertilizers and various amendments to the soil for the production of 
different crops. These recommendations are in effect predictions that are often 
based in part on data obtained from the analysis of the soil on which a particular 
crop is to be grown. The number of samples that must be processed is frequently 
very great, and systems of soil testing have been developed to facilitate rapid han- 
dling and analysis. The precision attained by routine soil test proceduies is not 
ordinarily as great as that of standard quantitative methods of determining nutiient 
ion status, but their use is justified as a relatively economical way of obtaining in- 
formation adequate for many agiicultural purposes. The different types of solu- 
tions that have been used to extract nutrient ions vaiy greatly in pH value, ionic 
strength, buffer capacity, and qualitative composition. Some exti actants are used 
for the removal of only 1 or 2 specific ions, others for measuiing virtually all the 
common nutrient ions. Methods of analyzing the extracts include spectropho- 
tometric, flame photometric, and spot-plate techniques. The vaiious systems of 
nutrient extraction and determination do not differ in general principles fiom 
those on which standard quantitative methods (such as those given in the preceding 
portions of this section) are based. Although it is possible to rationalize a prefer- 
ence for a particular test procedure in some circumstances, it is often found that 
correlation between test results and crop response in the field is as good with one 
system of soil testing as with another. Other estimates of diagnostic value obtained 
in routine soil testing include pH value, lime requirement, organic matter content, 
and clay content. When one gains experience in working with soils of a given 
region, it is usually possible to make rough estimates of organic content and clay 
content by visual observation and tactile examination, respectively. Methods of 
soil testing will not be given here because of the lack of standardization at the 
present time. 

no For reviews of chemical and biological test methods, see Diagnostic Techniques for 
Soils and Crops, and Soil Chemical Analysis, 339—69. 
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By Norbert R Kuzel and I\an M Jako\lje\ic 

Analytical Development Laboratories 
Eli Lilly and Co 
Indianapolis Ind 


Introduction —Historically the dietary requirements of man and animal were 
considered to be fats proteins and carbohydrates as well as various inorganic salts 
As technology advanced it became apparent that there were other factors invoked 
m nutrition Several dietary deficiencies were observed under experimental con 
ditions by workers such is Lunin (1881) Takaki (1885) Hopkins (1906) McCollum 
Davis Osborne Mendel ind Eijkman Funk m a series of papers (1911 1912) 
demonstrated that a substance was present in rice polishings that could be con 
ccntrated purified ind used to cure paralysis in birds He considered that this 
might be the missing factor involved in the human disease beriberi Funk pro 
posed the n ime Vitamine for this material since it appeared to he an amine and 
wis vital for life He is ilso considered to be the originator of the vitamin /) 
pothesis which states tbit certain diseases result from the absence of an mdispen 
sable dietary factor and that the resulting disease condition is called avitaminosis 

Ihe term \ itammc did not of course apply to many newly discovered non 
amine dietary factors but the name was essentially retained although changed to 
Vttimin by subsequent workers in the field of nutrition The vitamins were 
design ued vs either A or B both of which are alcohol extractable hut the A group 
is fat soluble and the B group is water soluble These traditional names have led 
to an awkwardness of nomenclature resulting in names such as vitamin B, B B„ 
B, etc The A group has had to be divided into A D E and k In addition 
other vitamins such as C H or biotm inositol and so on were discovered that 
did not fit into either the A or B category Many of the above vitamins have been 
relieved of their alphabetical listings and are now designated by names related to 
their structure 

The modern concept of a vitamin is that it is one of a group of organic com 
pounds that are required for normal growth and maintenance of the lives of am 
inals including man It further denotes a substance that is needed in amounts so 
small as to be of no significant value as a direct source of energy a* well as a 
material that is usually preformed in the diet of these animals It is known that 
in the absence or serious deficiency of these compounds clinical deficiency symp 
toms or abnormalities occur 

There are many known vitamins many of these compounds that are considered 
vitamins for one species of animals are not considered as such for other species 
This situation may exist because the animal does not require this compound or 
it can synthesize it m Us own body, or the compound is produced by the bacteria 
2338 
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flora in the intestine of the animal. Even though most of the vitamins have been 
elucidated structurally, their role in the body is not yet completely clear. Many 
of them are known to be components of enzyme systems, and probably the main 
function of vitamins centers around their role in biological transformations. 

The vitamins presented here are the ones normally encountered in the analysis 
of pharmaceutical formulations or clinical service work, and the authors do not 
pretend to cover all the vitamins known. The methods presented are a compila- 
tion covering the most used methods, provided they are satisfactory for routine use. 
In cases where conventional methods leave much to be desired, new methods, if 
available, have either been included or adequate references have been made, pro- 
vided the authors believe that the new methods have definite advantages. Standard 
methods have, in many cases, been modified according to the experience of the 
authors or other workers 1 in these laboratories, in an effort to present, in the 
opinion of the authors, the most workable, precise, and accurate methodology 
available. 

Of necessity, the mass of knowledge available from the many thousands of publi- 
cations dealing with the analysis of vitamins has had to be condensed into a rela- 
tively few detailed methods. Where it was considered that other methods may be 
required for special problems, brief descriptions and references for some of these 
methods have been included. 


C20H30O 


VITAMIN A 


Vitamin Aj, AW- 1 vans Vitamin A, Axerophthol 



mol. wt. 286.44 


Vitamin A is a derivative of carotenoid pigments, which are found widely dis- 
tributed in the plant world. Especially rich in carotenes are carrots (0.01%), apri- 
cots, lettuce, cabbage, and spinach. 

Karrer’s 2 long and successful studies of carotenoid chemistry succeeded in total 
synthesis of several carotenoids such as 



1 The authors are indebted to Mr. Maurice E. Clark and his staff for many of the 
modifications of the methods included in this presentation. 

Karrer, P., Compt. Rend., 250, 1920, 1950. 
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In the bod) beta carotene breaks down to 2 molecules of v itamm A while alpl a 
and gamma carotenes break down to form only 1 molecule of utamm A Rich 
sources of \itamin A are fish In er oils butterfat egg yolk cheese and lner 

Pure \itamin A acetate dned in \acuum at low temperatures occurs m the form 
of pale yellow prisms with an m p 57° to 60°C It exhibits no optical rotation 
\itamin A is soluble in most organic solvents and in oils it is insoluble in water 
but can be easily disseised as an aqueous phase by use of surface acme agents 
If exposed to ultraviolet irradiation it exhibits strong yellow fluorescence but 
undergoes destruction \ itamin A is aery sensitise to oxidation the end product 
of oxidation being geromc acid In acid media vitamin A is quite unstable but it 
appears to be fairly stable in alcoholic potassium hydroxide The esters of vitamin 
A are more stable than the alcohol form 

\ itamin A exists in several geometric forms other than the all tram form Of 
the other forms 2 cts vitamin A or Neovitamm A appears to be of most importance 
These isomers have varying biological potencies and respond differently to the 
spectrophotometnc assay The Carr Price Blue Color assay produces the same 
amount of color regardless of configuration 3 It now appears that isomerization of 
all irons vitamin A may be a commercial problem and methods are being devised 
to measure the relative amounts of the various isomers it is however beyond the 
scope of this text to describe these tests in detail Suffice it to say that isomers 
with the 2 cis position such as 2 cis 24 di cis and 2 6 diets react slowly with 
maleic anhydride while all trans vitamin A reacts rapidly This property is now 
being used to measure the Telauve amounts of these isomers in vitamin A products* 

UITRAVIOLET SPECTROPHOTOMETRIC DETERMINATION 

Recently the spectrophotometnc method was adopted as an international method 

Note— In 19j4 the Food Division of th“ Applied Chemistry Section of the International 
L iiion of Pure and Applied Chemistry set up a Vitamin Assay Commission to study the 
spectrophotometnc method E Brumus (J \OAC 42, 657 19o9) reported on the result 
of ihis collaboration The conclusion reached was that the spectrophotometnc metl od 
should be used as a standardized method for vitamin A in the assay of oils in international 
tnili It sit up 2 categories of oils the first including most fish liver oils and vitamin A 
concetitiates should measure the potency of the unsapomfiable matter isolated as described 
by the l SP with correction by the Morton Stubbs principle The second category 
it'd iditig whale liver oils and other oils having a high proportion of irrelevant absorp 
lion should require the chromatography of the unsapomfiable material before spcctro 
photometric measurement The chromatographic method is described in the publication 
1830 was ii commended as a factor for the conversion of E}em at 325 in isopropanol 
lo all ti ms vitamin A units 

1 his method resulted from an evaluation of a great deal of work originally on the 
part of Coward 5 and has evolved as a result of the efforts of many other workers 
in v mous I iboratones \ itamin A has a maximum light absorption at about 3 9 a nv* 
with a E] c ^ of 1535 m isopropanol for the acetate and 1835 for the alcohol* 
Experience with this method has revealed that quite often extraneous absorption 
was present concurrently with the vitamin A resulting in misleading and invalid 

3 \mes S J Am Chem Soc 77, 4134 19o5 J AOAC 43, 21 1960 

* Plack P Biochem J 64, 56 19a6 

5 Coward k et al Biochem J 25,1102 1931 

6 E} cm indicates the absorbancy of a solution containing I g per 100 ml contained 
in a cell having an absorption path of one centimeter (1 cm) 
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high values. Morton and Stubbs 7 - 8 developed a correction for this absorption by 
measuring the light absorption at not only 325, but also at 310 and 334 m fi (wave- 
lengths at which pure vitamin A has only % of its absorption at 325 mu). An equa- 
tion has been devised for this correction, and has become a part of most official 
methods. 

One of the problems with the spectrophotometric method has been the assess- 
ment of a value to convert Ej^ to biological potency. After several changes 
the present U.S.P. XVI value is 1830 for the conversion of E ] ^ to all-hons 
vitamin A. The British Pharmacopoeia, Addendum 1960, uses the 1830 factor for 
vitamin A alcohol or saponified esters. For nonsaponified vitamin A esters, it uses 
1900, measuring at 327.5 m n in cyclohexane. 

Apparatus. Spectrophotometer.— A suitable quartz spectrophotometer, which has 
been specially standardized for vitamin A, should be used. The cells should be 
either matched quartz or matched corex, 1-cm. cells. The difference in densities 
between the 2 cells, when both contain identically pure isopropanol, should be 
determined at 310, 325, and 334 m/x, and these differences, if any, should be ap- 
plied to subsequent absorbance readings as positive or negative corrections. The 
instrument should be operated at the narrowest slit width consistent with good 
analytical technique. A given instrument should not be used if readings cannot 
be reproduced exactly on a given sample cell. The wavelength scale should be 
checked frequently against the 313.1 nvt and 334.1 m,u lines of a mercury lamp. 

Reagents. Ethanol.— Use pure ethanol or redistilled ethanol. 

Isopropanol.— Use redistilled isopropanol (99%). The following requirements 
for spectral purity must be met: the absorbance of the alcohol, with reference to 
distilled water in 1-cm. quartz cells, shall be no greater than 0.010 between 350 m/r 
and 320 m/t, and no greater than 0.050 at 300 m/x. 

Sodium Sulfate.— Use sodium sulfate anhydrous granular coarse. It must not 
absorb vitamin A under the conditions described under saponification. 

Ether.— Use freshly redistilled ether, discarding the first and last 10% cuts, or 
anhydrous ether without redistillation, if free from peroxides. 

Procedure. Saponification and Extraction Procedure.— Transfer an accurately 
measured sample expressed in grams, milliliters, or dosage units, equivalent to not 
less than 0.15 mg. estimated vitamin A potency but containing not more than I g. 
of fat, to a boiling-separating flask 9 or a round bottom, saponification flask. Add 
30 ml. of ethanol and 3 ml. of 50% aqueous potassium hydroxide solution. Place 
the flask under an all-glass reflux condenser, and reflux the mixture gently for 30 
min. Add 30 ml. of distilled water while the flask is still hot, and swirl the con- 
tents until the mixture is homogeneous. 

Quantitatively transfer the contents of the flask to a 250-ml., nonactinic, separa- 
tory funnel, rinse the flask with 30 ml. of ether, and transfer the ether to the 
separatory funnel (Note). (If a boiling-separating flask is used, no transfer is 
needed; the ether is added directly to the flask, and the first extraction and all 
washings are performed in the saponification flask.) Swirl, do not shake the first 
ether extraction, and then allow the layers to separate. Drain the lower aqueous 

7 Morton, R., Stubbs, A., Biochem. J., 42, 195, 1948. 

8 Rogers, A., Analyst, 80, 903, 1955. 

9 The boiling-separating flasks ha\e been used vei) successfully in the Iabotatories of 
the authois for many yeais, and are highly recommended for their ease of use, freedom 
from unnecessary transfers, and their protection of most of the vitamin A from light dur- 
ing the entire extraction process. See Brown, J. A., J. Am. Pharm. Assoc., 40, 309, 1951. 



VITAMINS 2343 

COLORIMETRIC METHODS 

CARR-PRICE METHOD 

Various colorimetric methods of vitamin A determination have been proposed 
since Rosenheim 13 discovered that the purple color developed when some oils are 
treated with concentrated sulfuric acid was due to the presence of vitamin A. 
Fearon 14 proposed the use of trichloroacetic acid. Rosenheim 13 proposed a blue 
color developed with arsenic trichloride. The use of l,3-dichloro-2-propanol was 
published by Sobel. 16 The Carr-Price 17 reaction with antimony trichloride, in 
spite of some difficulties, is still the most used color method. Briiggemann 18 
proved that antimony pentachloride present in small quantities in antimony tri- 
chloride was responsible for the Carr-Price reaction. 

Apparatus. Spectrophotometer.— Photoelectric colorimeter or spectrophotometer. 

Rapid Delivery, 10-mi. Automatic Pipet.— Maximum delivery time, 2 sec. 

Reagents. Antimony Trichloride Solution.— Corrosive reagent. Dissolve 100 g. 
of antimony trichloride in 400 ml. of chloroform by shaking and mild heating. 
Store overnight, and filter the solution through anhydrous sodium sulfate into an 
amber bottle. 

Reference Standard.— Use U.S.P. vitamin A acetate reference solution in gelatin 
capsules containing 100,000 units per gram. 

Procedure. Preparation of Calibration Curve.— Accurately weigh about 200 mg. 
of U.S.P. vitamin A acetate reference solution into a saponification flask, add a 
mixture of 30 ml. of ethanol and 3 ml. of a 50% aqueous potassium hydroxide 
solution. Proceed as in the spectrophotometric assay from “Place the flask under 
an all glass reflux condenser . . . ,” and continue through the remainder of the 
procedure. 

Evaporate an aliquot of the ether to dryness under a stream of nitrogen or 
carbon dioxide. Dissolve the residue immediately in chloroform so that the final 
solution contains about 25 units of vitamin A per milliliter. Prepare a series of 
subsequent dilutions so that 4 different dilutions are available, containing about 
5 to 25 units of vitamin A per milliliter. 

To a spectrophotometric cell, transfer exactly 1 ml. of chloroform and 1 ml. 
of one of the standard dilutions prepared above. Place the cell in the instrument, 
add rapidly 10 ml. of the antimony trichloride reagent, and read the maximum 
color produced at 620 m/x against a blank of 2 ml. of chloroform and 10 ml. of 
reagent. Usually the maximum color occurs about 4 to 5 sec. after addition of 
the reagent. Determine the color response to each of the 4 concentrations of the 
standard, and plot the absorbances versus concentration to obtain a calibration 
curve. Frequent, if not daily, calibration curves are necessary; always prepare a 
new calibration whenever new antimony trichloride reagent is used. 

Analysis of the Sample.— Accurately weigh or measure a sample estimated to 
contain 300 to 500 units of vitamin A, transfer to a saponification flask, and pro- 
ceed as for the preparation of the calibration curve. Prepare a final chloroform 

13 Rosenheim, O., et at., Lancet, 198, 862, 1920. 

1 4 Fearon, IV., Biochem. J., 19, 888, 1925. 

1 3 Rosenheim, O., Biochem. J„ 19, 753, 1925. 

i« Sobef, A., et al., j. Biol. C hem., 159, 681, 1945. 

it Carr, F„ Price, E., Biochem. J., 20, 497, 1926. 

is Briiggemann, J., et al., Fres. Z. Analyt. Chem., 135, 241, 1952. 
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solution to contain about 10 units of \namm A per milliliter Determine the 
color produced as above and from the calibration curve determine the potency 
of the final chloroform solution and then calculate the potency of the original 
sample by reference to the dilutions made during preparation of this chloroform 
solution 

Note— I n certain samples the addition of the reagent to the sample may produce an 
opalescence The addition of a few drops of acetic anhydride may correct this condition 

Note— I f the sample is sufficiently concentrated (usually more than 20000 unm per 
gram) it may not always be necessary lo carry out the saponification and the sample 
may be diluted directly with chloioform and the color developed as above 

Notf —Some laboratories prefer to use more dilute antimony trichloride reagent thus 
slowing down color development and making the method somewhat easier to handle 

PHOSPHOTUS GST1C ACID METHOD 
A new method his recently been developed by one of the authors 2 ® for deter 
mining vitamin A with phosphotungstic acid reagent (P T reagent) in ethyl acetate 
The proposed method has wide applicability and appears to offer a convenient 
and rapid determination of vitamin A m a very large variety of vitamin A contain 
tng products 

One of the principal advantages of the PT reagent is the slow development of 
the blue color which reaches us maximum intensity 50 to 60 sec after the reagent 
has been added enabling the operator to easily determine maximum color for 
mation The proposed method appears to have all the advantages of the anti 
mony trichloride method and verv few if any of the disadvantages Because it 
is so new and has not been properly evaluated in enough laboratories it cannot 
as yet be recommended m an unqualified manner 

r IT A MIK A A\D CAROTE\ES 7A BLOOD 
Most of the chemical methods for the determination of vitamin A in serum or 
plasma are based on the Carr Price blue color method 21 2 23 24 
Procedure— In a 2a ml glass stoppered centrifuge tube pipet 5 ml of the 
serum or plasma and add an equal volume of 9a% ethanol After a short shaking 
interval add 12 ml of light petroleum ether and shake the contents for 10 mm 
The layers are separated by centrifuging 
A 10 ml aliquot of the clear supernatant petroleum ether solution is pipetted 
into a colorimetric cell and the optical density of the carotenes is read at 440 m/i 
against a petroleum ether blank 1 lie amouni of carotenes ran be obtained by 
compiring the reading with a standard curve of pure beta carotene or a 0 0®% 
pot tssium dithromate solution which gives the same yellow color as a solution of 
beta carotene containing 1 12 Mg per milliliter 
The petroleum ether is then evaporated under a stream of nitrogen or carbon 
dioxide at a temperature not exceeding 45°C The residue is dissolved in 1 m! 
of chloroform and an exact amount of antimony trichloride reagent is added 
with 5 to 9 ml usually being used The reagent should be added with a rapid 

12 Brown J A J Am Pharra Assoc 39 699 19a0 
Jakovljevic I Pharm Weekblad 9a 549 1960 
21 Kimble M J Lab Clin Med 24 10aa 1938 
2 ’May Ch el al \m J Dis Child 59, June 1910 

23 McCoord et al J Nutrition 7, 557 1934 

24 Petl L Lc Page G J Biol Chem 132, 58a 1940 



VITAMINS 


2345 


delivery pipet. The optical density is read at 620 mu against a blank of chloro- 
form, and the amount of vitamin A calculated from a standard curve obtained 
from U.S.P. vitamin A reference standard solution treated as above. This reading 
should be corrected for the portion of the blue color due to the carotenes, which 
also react with antimony trichloride reagent. According to L. Pett and Le Page, 24 
it was found that under their conditions 88.0 jig. of beta-carotene give the same 
amount of blue color as 84.1 units of vitamin A. 

The correction can be made also if carotenoid content in micrograms per 100 
is multiplied by 0.4, and the product subtracted from total vitamin A content in 
units per 100 ml. 25 


VITAMIN D 

ch 3 ch 3 ch 3 

h 3 c j II 

1 CHCH=^CHCH— CH 
CH 3 


Calciferol, Ergocalciferol 
Vitamin D2 

C28H44O mol. wt. 396.66 



CH 3 

h 3 c I 



ch 3 

I 

CH 

I 

ch 3 


Activated 7-dehydrocholesterol 
Vitamin D 3 

C27H.HO mol. wt. 384.65 


The existence of vitamin D as an antirachitic factor was found many years ago 
to be associated with vitamin A. Vitamin D activity was observed in irradiated 
oils and ergosterol. Windaus and Heilbron are credited with elucidating the 
structure of vitamin D„. 

25 Yudkin, S., Biochem. J„ 35, 551, 1935. 
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Vitamin D 2 is crystallized from acetone, 
prisms, i\h lie vitamin D 3 is in the form < 

Vitamin Dj 
m p 115° to 118°C 
[ajo = 103° to 106° (ethanol) 
faju = 52° (chloroform) 

Both vitamins are insoluble in water 
chloroform, ether, and oils They are : 
from ergosterol) 


nd occurs in the form of white, odorless 
[ needles 

Vitamin Dj 
m p 84° to 86°C 
JaJo = 105° to 112° (ethanol) 

[ot]o = 52° (chloroform) 

They are soluble in ethanol, acetone 
ot precipitated by digitomn (different 


QU \LIT U IVE TEST 

To a solution of about 0 3 mg of vitamin D_. or D, in 3 ml of chloroform add 
0 3 ml of acetic anhydride md 0 1 ml of sulfuric acid and shake vigorously a 
bright red color which rapidly changes through viola and blue to green is pro- 
duced (Licbermann reaction) 

Pure vinmins D_ and D, have a potenev in humans of 40 USP units per 
micrognm Both vitamins arc aflccud by light and air but under a neutral gas 
in brown bottles, and at low temperatures, they can be stored without decompost 
lion for about I year 

Vitamin D m most cases cspccnllv in pharmaceutical formulations is in com 
bimuon with vitamin A, and for many years that fact was a real challenge 
in the determination of vittnun D Many attempts to solic the problems of in 
terfering substmees line been math stub as the works of Broikmmn ami Chen 1 * 
Sobel, et al 2 Tschapkc ct nl * DiAVitt and Sulliv in 9 and Stross et <i/*° 

The British Phatmacapoeia, 19j 8 (pp 112 3). his included a method for pure 
material while the USP X\ 1 lus provided i method tint is siiisfactorv formally 
multivitamin preparations This method still is not suitable for certain samples 
such as irradiated yeast preparations, and care should be used in the application 
of the method Recent experiences in these laboratories indicates that the method 
may not be entirely valid in the analysis of multivitamin preparations that have 
been purposely degraded at elevated temperatures If there is any doubt about 
the validity of the chemical method, it should be checked by bioassay as a referee 
method The described method is a modified USP XVI method 

DETERMINATION OF VITAMIN D 

Apparatus. Spectrophotometer.— Any suitable direct reading spectrophotometer 
The instrument should be equipped with an attachment to hold a cell with a 
capacity of approximately 20 ml 

Cells —Matched cells of about 20 ml capacity, and of test tube shape, such as 
Coleman's photofluorometer cuvets 12 190E, (19 by 105 mm) are used 

Ultraviolet Lamp.— This item should provide weak radiation in the 300 W* 
region 

?« Brockmann, H . and Chen, Y , Z Physiol Chera . 241, 129, 1936 
Sobel, A , et at, Ind Eng Chera , Anal Ed , 17, 160, 1945 
29 Tschapke, H , et al , Die Pharmazie, 12, 262, 1957 
29 DeWitt, J , and Sullivan, Ind Eng Chera Anal Ed . 18, 117, 1916 
so Stross, P Brealey, L , J Pharm Pharmacol , 7, 739, 1955 
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Reagents. Vitamin D Reference Solution. Slock Solution .— Approximately 25 
mg. of U.S.P. calciferol reference standard in 100 ml. of isooctane, accurately 
weighed to give a known concentration. Mix well and store in a refrigerator. 
At weekly intervals dilute 1 ml. of this solution with n-hexane to 25 ml., and 
determine the absorbance in 1-cm. cells at 265 m/i versus r?-hexane blank. If the 
absorbance varies more than 5% from the original, discard the preparation. 

Reference Solution.— One ml. of stock solution is evaporated to dryness in a 
stream of nitrogen gas; it is then dissolved in, and diluted to 50 ml. with, ethylene 
dichloride. This solution contains approximately 200 units of vitamin D per 
milliliter. This dilution must be used the day it is prepared. 

Potassium Hydroxide Solution.— Dissolve 780 g. of potassium hydroxide in dis- 
tilled water to make 1000 ml. 

Alcohol.— Pure ethanol or redistilled ethanol. 

Florex XXS.— Chromatographic Fuller’s earth. 

Chromatographic Siliceous Earth.— (Celite No. 545, Johns-Manville Co. is satis- 
factory.) Boil a mixture of 150 g. of Celite No. 545 and 1 liter of 10% hydro- 
chloric acid for 10 min. Cool, filter, and wash thoroughly with distilled water 
until the washings are neutral to methyl orange. Dry overnight at 100°C., and 
then ignite in a muffle furnace at 500°C. for 2 hr. 

Cottonseed Oil.— Specific gravity of 0.915 to 0.921, solidification range of its 
fatty acids of 31° to 35°C., saponification value of 190 to 198, iodine value of 
109 to 116; and the free fatty acids in 10 g. of the oil must require for neutraliza- 
tion not more than 2 ml. of 0.02 N sodium hydroxide. It must pass the test for 
trichloroethylene, in which 2 ml. of pyridine are added to 2 ml. of diluted sodium 
hydroxide (1 in 10) in a small test tube. Heat the mixture on a water bath at 
90°C. for 5 min. Remove the tube, and add 1 ml. of the cottonseed oil without 
mixing the layers; no pink color forms in the pyridine layer within 20 min. It 
also must meet the following test for antioxidant properties: 

Saponify 10 g. of the oil as directed in “Sample Preparation,” under “Proce- 
dure,” below, p. 2348, and dissolve the residue in 10 ml. of n-hexane. In a flask 
transfer 0.4 ml. of ferric chloride (1 in 1000) and 12 ml. of a (1 in 6000) solution 
of alpha, alpha '- dipyridyl in anhydrous ethanol, mix; and in 5 min. read the 
absorbance in a 1-cm. cell at 520 m^t versus anhydrous ethanol. Then add 0.2 ml. 
of the n - hexane solution of the residue above, and after 5 min. read the absorb- 
ance again at 520 m/t. The difference between the 2 readings must be not less 
than 0.125. 

n-Hexane.— Absorbance of this solvent is not more than 0.070 when measured 
in a 1-cm. cell at 300 m/i, with a suitable spectrophotometer against air as the 
blank. 

Isooctane (2,2,4-trimethylpentane) . 

Ethylene Dichloride (1,2-dichloroethane).— This solvent may have to be redis- 
tilled and purified by passage through a column of granular silica gel. 

Antimony Trichloride Reagent. Solution A .— Approximately 113 g. (14-lb. bot- 
tle) of antimony trichloride are emptied into 300 ml. of ethylene dichloride and 
dissolved. Add 2 g. of anhydrous alumina, filter into a reagent bottle, and dilute 
to 500 ml. with ethylene dichloride. Mix well. The absorbance of this solution 
in a 20-ml. cell described above must not exceed 0.070 when measured at 500 m^ 
versus ethylene dichloride. 

Solution B— Add 50 ml. of acetyl chloride to 200 ml. of ethylene dichloride, 
with mixing, and store in a glass-stoppered bottle. 
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Color Reagent — Pipet 10 ml of Solution B into a 100 ml volumetric Bask and 
dilute to 100 ml with Solution A Mix well Do not use longer than 1 week or 
if an> color develops 

Color Inhibitor— A solution containing equal volumes of acetrc anhydride and 
ethvlenc d i chloride (A 25 ml volume is convenient) 

Benzene —Thiophene free 

PEG GOO — Polyethylene Glycol 600 Carbide and Carbon Chemical Compam 
Carbovvax 

Sodium Sulfate Anhydrous— Granular coarse 

Phenolphthalein —Dissolve 1 g of phenolphthalein in 100 ml of ethanol 

Sodium Sulfate Decahydrate 

Columns Preparation of First Column —To 2o g of prepared Celtte No ab 
add 100 ml of isooctane and then 10 ml of PEG 600 dropwise with stirring 
The PEG 600 should contain as little water as possible Transfer the slurry to 
a 2 cm by 2o cro glass column equipped with a coarse fritted disc and i stopcock 
sealed to a 05cm by 5-cm exit tube Pack each addition of slurry with vertical 
strokes of a plunger perforated by holes 2 mm m diameter After all the slum 
has been added pack the column by firm pressure of a solid disc on the settled 
Cclite The final column should be 15 to 16 cm in height The column should 
not be allowed to run dry and a small amount of the mobile phase (isooctane) 
should ilw ivs remain above the Cehte The packing of these columns is an art 
and consistently satisfactory columns can be packed after some experience has Wn 
obtained 

Preparation of Second Column Plug a tube (0 a cm inside diameter by 2jcm 
Itii n th with tlie bottom pulled out to a tapered constricted exit) with glass woo! 
Add to the tube enough Florex XXS so that the column is approximately 20 cm 
in length 1 ap the side of the tube during and after the addition of the Florev 
to make the column sufficiently compact 

Procedure Sample Preparation —Transfer a sample equivalent to about 0 ’a 
mg (or 10000 units) 11 of calciferol to a saponification flask If no vitamin V is 
present add 3000 units of vitamin A acetate to provide the needed pilot binds 
in the subsequent chromatography Add 2 ml of cottonseed oil then add 15 ml 
of potassium hydroxide solution and 50 ml of redistilled ethanol Reflux for 30 
nun under an all glass reflux condenser Cool and transfer the mixture to a 
jOU ml separator with the aid of 50 ml of distilled water rinsing the saponifies 
tton flask Add about 4 5 g of sodium sulfate decahydrate and 150 ml of 
n hexane Shake vigorously for 2 min When the aqueous layer has separated 
transfer it to a second separator Extract it with two 50 ml portions of n hexane 
combine the hexane extracts and discard the aqueous solution 

Add to the combined hexane extracts about 50 ml of distilled water gently 
swirling the contents as the water is added Allow to separate then drain and 
discard the water layer if it is clear Do not dram off any emulsions or cloudy 
layers Repeat the washings until the aqueous layer gives no pink color when 
tested with phenolphthalein solution 

Place a 2 cm layer of granular sodium sulfate anhydrous in a 30 ml coarse 

A larger sample can be used if desired and the washed hexane extract may be 
diluted to a larger volume than the 10 ml or if the potency of the sample is high cnougn 
evaporation of the n hexane extract may not be necessary aBd the extract may be tiuuico 
to volume directly so that the concentration of the final extract is about 200 units j* 
milliliter 
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fritted glass funnel, and wash, with n-hexane. Filter the washed - 71 -hexane ex- 
tracts through the sodium sulfate into a suitable Griffin beaker. Wash the flask 
and funnel with n-hexane to assure a quantitative transfer. Evaporate the ex- 
tract to about 25 ml. on a steam bath, transfer quantitatively to a small round 
bottom flask, and evaporate to dryness under a stream of nitrogen. Quantitatively 
transfer the residue with w-hexane to a IO-ml. volumetric flask, and dilute to 
volume with n- hexane. 

Allow the meniscus of the isooctane above the Celite column to enter just the 
Celite. Add 2 ml. of the sample from the preceding paragraph to the column. 
Allow the sample to flow into the Celite, and as the meniscus reaches the column 
surface, add the first of three 2-ml. portions of w-hexane, adding each succeeding 
portion as the preceding portion disappears into the column. Continue adding 
w-hexane in portions of 5- to 10-ml. until 100 ml. or more have been added. If 
necessary, adjust the flow rate to between 3 and 6 ml. per min. by application of 
gentle pressure at the top of the chromatographic tube. Discard the first 20 ml. 
of effluent, and collect the remainder. Examine the column under ultraviolet 
light at intervals during the chromatography, and stop the flow when the front 
of the fluorescent band, representing vitamin A, is about 5 mm. from the bottom 
of the column. Transfer the eluate to a suitable evaporation flask, and remove 
the n-hexane completely under vacuum at a temperature not above 40°C., or with 
a stream of nitrogen at room temperature. Dissolve the residue in w-hexane, and 
transfer to a 10-ml. volumetric flask or other suitable container. Rinse the evapo- 
ration flask with small portions of n-hexane to assist in this quantitative transfer 
and dilute to the volume mark. Mix well. 

Note.— This column can be reused in many cases. Elute the vitamin A off the column, 
and then pass another 150 ml. of w-hexane over the column. Examine the column to see 
if all fluorescent bands have been removed, if the column has not obviously been con- 
taminated with other materials, and if the flow rate is satisfactory. If it appears to be 
reusable, put about 200 ml. of isooctane, saturated with PEG 600, over the column to 
recondition it; Such columns have been used over- 100 time? in these laboratories over a 
6-month period. Reuse of this column has another advantage in that the elution rates 
and volumes on the column remain relatively constant during repeated use, and allow 
the operator to standardize the column. If the ratio of A to D in the sample is greater 
than 10 to 1, a longer column may be necessary. 

Place a 100-ml. beaker under the Florex column, and, with the aid of vacuum 
and a micro bell jar (or nitrogen pressure from above), add the sample from the 
preceding paragraph to the Florex column. Adjust the column flow to about 2 
ml. per min. Rinse the volumetric flask with a total of 10 ml. of w-hexane in small 
portions, adding each portion to the column, allowing it to flow through the col- 
umn and discard the effluent. When about 1 ml. of the w-hexane remains above 
the surface of the column, add 75 ml. of benzene, and elute with the aid of gentle 
suction (about 125 mm. of mercury), collecting the eluate. Evaporate the benzene 
under vacuum at a temperature not above 40°C., or with a stream of nitrogen at 
room temperature. Dissolve the residue in a small amount of ethylene dichloride, 
and transfer to a 10-ml. volumetric flask. Rinse the evaporation flask with ethyl- 
ene dichloride and add to the 10-ml. volumetric flask to assure a quantitative 
transfer. Make to volume with ethylene dichloride, and mix well. This con- 
stitutes the sample solution and should contain approximately 200 units of vitamin 
D per milliliter. 

Color Reaction and Measurement of Absorption.— All colorimetric measurements 
are made in matched 20-ml. tubes. Read the maximum absorbance, which occurs 
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about 30 10 45 see after addition of the color reagent, at 500 mu with the irntni 
man set at 0 absorbance versus ethvlenc dichtoride A second reading » mid 
at aaO m>* 90 set after die addition of the color reagent The color reagent it 
added rapidly preferably from an automatic pipet 
The color reactions arc carried out as follows tube (a) 1 ml of sample snlu 
lion + 1 ml of reference solution + a ml of color reagent tube (b) 1 ml of sample 
solution + I nil of ethylene dichlonde + a ml of color reagent tube (c) 1 nil of 
simple solution -f 1 ml of color inhibitor + j ml of color reagent 
Calculations — 

1 = absorbance at a 00 m*t of tube (a) 
ll — absorbance at 500 mp of tube (b), 

( =» absorbance at 500 mji of tube (c) 

D = absorbance at aaO mp of tube (b) 

F = absorbance at 550 m/i of tube (c), 

concentration of reference solution (in units per milliliter) 
f = A- B ’ 

C. = [f/f -C)- 0 67 (D - £)) » and 

/ X 6 X dilution factors — units of \itamm D per dimensions of sample 

Non —The constant value of 0 67 »* is used to correct for vitamin A interference an l 
is the ratio of the 4 A 500 to 4 X 550 value when only vitamin X is present The iXjw u 
ll t and 4 fjoO is D - E 


\ 
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Upha Tocopherol \ntisterilit> \ itamm 
CH, 


CH, 

I 

,(CH2>j — CH(CH,) r 
CH, 


CH, 


CH, 

I I 

CH(CH,)r-CH 

I 

CH] 


The vitimm I group occurs mostly in plants especially in certain vegetal les at d 
seed germ oils I he best known of this group of vitamins arc named alpfo l>eit 
A ammo and delta totophcrols and they differ in the number and location of tie 
nuthvl groups \ll of them art derivatives of p hydroquinone and are thus 
amuiMd mts Brti and gumma tocophcrols arc ibout one half as active as nipt a 
tocopherol and lella tocopherol Ins about 011 c hundredth or tltc alpla tocojlctol 
tctivity in the Leans resorption sterility test 
■Upha tocopherol is prepared synthetically is m the dl form (natural vitamin i» 
<1 form) and occurs as a yellow clear viscous oil It darkens in air and on cx|x>' ltc 
to light It is insoluble in water freely soluble in ethanol acetone chlorof rn 
ether and in vegetable oils Alpha tocopherol is very stable to heat and allal 
It is easily oxidized by ferric ton It bods at about 20 j“C Density at 2 j'C. is 09D 
to 0 Mjj rij* = 1 5015 An ethanol solution of tocophcrols gives an orange t> 
**X\ilke J n etal,] Xm Pharm Xssoc , 47, 385 1938 
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red color by heating with nitric acid. Vitamin E produces a blue color if treated 
with vitamin K and cysteine. 33 

Alpha tocopherol is also found on the market in the form of the acetic acid ester, 
alpha tocopheryl acetate: C 31 H 52 0 3 , mol. wt. 472.75. It is a pale yellow, viscous 
oil, which solidifies at — 27.5°C. It is insoluble in water, freely soluble in ethanol, 
chloroform, ether, and vegetable oils. In cyclohexane it has an absorption maxi- 
mum at 285.5 m/t. Density at 25°C. is 0.955. Alpha tocopherol is also found as 
the succinate and is used as such in a number of pharmaceutical preparations. 

Most chemical methods use the reducing properties of tocopherols, as in the 
method of reducing ferric chloride to ferrous salt, followed by a colorimetric pro- 
cedure with a,a'-dipyridyl. 34 ’ 35 ' 30 ’ 37 Emmerie and Engel 34 were the first to use 
ferric chloride-dipyridyl reagent. Other methods use the decolorization of 2,6-di- 
chlorophenol-indophenol by tocopherols, 38 or use nitric acid 30 as the reagent. 

The interfering substances are usually carotenoids, vitamin A, cholesterol, and 
some unidentified substances. In the literature there are methods available for the 
separation of tocopherols. 40 The same authors use a new coupling reagent, 2,6- 
dichloro-j5-benzoquinone-4-chlorimine. 

The methods presented will be modified N.F. XI methods, which, in the opinion 
of the authors, will yield better, more reproducible results than the official methods. 

DETERMINATION OF THE TOCOPHEROLS 

ASSAY FOR ALPHA TOCOPF1EROL 

Titrimetric Method.— If alpha tocopherol is present in a relatively pure form, a 
simple titration with ceric sulfate may be made. Weigh accurately a sample equiv- 
alent to about 50 mg. of alpha tocopherol, transfer to an Erlenmeyer flask, and 
dissolve in 100 ml. of 0.5 N alcoholic sulfuric acid. Add 20 ml. of water followed 
by 2 drops of diphenylamine indicator (1 in 100 ml. of sulfuric acid), and titrate 
with 0.01 N ceric sulfate at the rate of about 2 to 3 drops per sec. The solution 
to be titrated should be stirred mechanically or swirled constantly during the titra- 
tion until a blue end point is reached that lasts for about 10 sec. Run a blank 
on the reagents and make any corrections. Each milliliter of 0.01 N ceric sulfate 
is equivalent to 2.154 mg. of alpha tocopherol. 

ASSAY FOR ALPHA TOCOPHERYL ACETATE 

Titrimetric Method.— Transfer about 250 mg. of alpha tocopheryl acetate, accu- 
rately weighed, into a 150-ml., nonactinic, round-bottom, standard-taper flask, and 
dissolve the sample in 25 ml. of dehydrated alcohol. Add 20 ml. of 5 N alcoholic 
sulfuric acid, connect the flask to an all glass reflux condenser, and reflux for 3 hr., 
while shielding the sample from light. Cool the mixture to room temperature, 
and transfer it quantitatively to a 200-ml„ nonactinic, volumetric flask, and dilute 
to volume with dehydrated alcohol. Transfer exactly 50 ml. of the solution to a 

33 Cruz-Coke, E., Nature, 181, 49, 1958. 

s' Emmerie, A., et a!., Rec. Trav. Chim., 57, 1351, 1938. 

30 Kaunitz, H., et a!., J. Biol. Chem., 156, 653, 1944. 

so Kaunitz, H., et al., J. Biol. Chem., 166, 205, 1946. 

37 Stern, M„ et al.. Anal. Chem., 19, 902, 1947. 

33 Scudi, J., et al., J. Biol. Chem., 146, 1, 1942. 

30 Furter, M„ et al., Helv. Chim. Acta, 22, 240, 1939. 

40 Green, J., et al.. Analyst, 84, 297, 1959. 
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250 ml Erlenmeyer flask, add 50 ml of 0 5 N alcoholic sulfuric acid, and proceed 
as in the method for alpha tocopherol from “Add 20 ml of water 

Each millilter of 001 AT ceric sulfate is equivalent to 2 364 mg of alpha tocoph 
eryl acetate 

ASSAY FOR CONCENTRATES OF MIXED TOCOPHEROLS 

These are natural concentrates that contain all the isomers of the tocopherols, 
and are usually assayed for total tocopherols and non alpha tocopherols, obtaining 
the amount of alpha by difference 

Procedure Assay for Total Tocopherols —Dissolve an accurately measured sam 
pie, equivalent to an estimated 15 mg of total tocopherols in sufficient dehydrated 
ilcohol to make 100 ml Mix well, and transfer a 2 0 ml aliquot of this solution 
to a nonactinic, 25 ml volumetric flask Add 1 ml of a feme chloride solution 
(1 in 500) in dehydrated alcohol, and time the reaction with a suitable timet 
Immediately add 1 ml of a, a dipyridyl (1 in 200) m dehydrated alcohol solution, 
and mix thoroughly Dilute to the mark with dehydrated alcohol and mix thor 
oughly Determine the absorbance of the solution by means of a suitable spectro 
photometer in 1 cm cells at 520 mu versus a dehydrated alcohol reference, exactly 
10 mm after the addition of the ferric chloride solution Perform a blank determi 
nation using the same quantities of the same reagents as above, except for the 
use of 2 ml of dehydrated alcohol instead of the sample solution Subtract the 
reagent blank from the sample and multiply by 28 2 to calculate the milligrams of 
total tocopherols in the sample used The 28 2 figure is obtained from average 
values obtained on mixtures of the alpha, beta, ganuna and delta tocopherols usu 
ally present in such concentrates 

Assay for Non Alpha Tocopherols.— Dissolve an accurately measured sample 
equivalent to an estimated 30 mg of non alpha tocopherol 41 in sufficient dehy 
drated alcohol to make exactly 100 ml Mix and transfer a 5 ml aliquot of this 
solution to a nonactinic, 50 ml , glass stoppered cylinder Add 0 2 ml of glacial 
acetic acid, and mix Add 3 0 ml of a freshly prepared sodium nitrite solution 
(1 in 50) from a rapid delivery pipet, and shake the contents thoroughly for about 
5 sec After exactly 1 mm , add 2 ml of a 20% potassium hydroxide solution 
10 ml of a 2% sodium sulfate solution, and exactly 12 0 ml of n hexane Stopper 
the cylinder, shake the contents vigorously for 30 sec and allow the layers to sepa 
rate Transfer a portion of the upper layer to a 1 cm cell and measure the absorb 
ance at 410 m/i versus an n hexane reference Prepare a blank using the same 
reagents as above, except for the substitution of 5 ml of dehydrated alcohol for 
the sample Correct the sample absorbance for the blank, and multiply bv 408 to 
calculate the milligrams of non alpha tocopherols in the quantity of the sample 
used The 40 8 factor is obtained from data on beta, gamma, and delta tocopherols 
usually present in mixed tocopherols concentrate Calculate the amount of alpha 
tocopherol by difference based on this and the assay for total tocopherols above 

/ISS/iy FOR CONCENTRATES OF ALPHA TOCOPHERYL ACETATES 

Procedure. Sample Preparation —Transfer an accurately measured quantity of 
alpha tocopheryl acetates, equivalent to an estimated 250 mg of total tocopheryl 
acetates, into a 250 ml , round bottom, standard taper, nonactinic flask Add about 
0 5 g of ascorbic acid and 50 ml of dehydrated alcohol To the solution add 3 ml 

« These concentrates usually contain about 35% total tocopherols, of which slightly less 
than 50% are non alpha tocopherols 



VITAMINS 


2553 


of 50% potassium hydroxide, connect to an all glass reflux condenser, reflux for 
20 min., and cool to room temperature. Transfer the contents to a 500-ml., non- 
actinic, separatory funnel, and rinse the flask with about 100 ml. of water in several 
portions Add 75 ml. of ether to the separator, and shake vigorously; allow the 
layers to separate, transfer the lower layer to another separator, extract it with 
3 additional 25-ml. portions of ether, and add these ether extracts to the original 
extract. Wash the combined extracts by adding about 100 ml. of water and swirling 
the contents. Draw off the water layer and wash the ether extracts with additional 
water until the water washings no longer produce a pink color with plienol- 
phthalein. Filter the washed ether extract through anhydrous sodium sulfate into 
a nonactinic, 250-ml. volumetric flask. Rinse the sodium sulfate filter with several 
portions of ether, then dilute to volume with ether, and mix thoroughly. Carry 
out the assay for both alpha and non alpha tocopheryl acetates in as short time as 
possible so that there will be no prolonged standing of the sample in ether 
solution. 

Assay for Total Tocopheryl Acetates.— Transfer 15 ml. of the ether extract to 
a 100-ml., nonactinic volumetric flask, and evaporate the ether to dryness under a 
stream of nitrogen without the use of heat. After the ether has been evaporated, 
dilute the residue to 100 ml. with dehydrated alcohol, mix well, and proceed as 
under assay for total tocopherols in the method for concentrates of mixed tocoph- 
erols, starting with; . . and transfer a 2.0-ml. aliquot of this solution . . .”. 
Calculate the result by multiplying the absorbance of the sample corrected for 
blank by 32.0 to give the milligrams of total tocopheryl acetates in the 100 ml. of 
dehydrated alcohol solution; this value multiplied by 16.66 gives the number of 
milligrams of total tocopheryl acetates contained in the sample used. The 32.0 has 
been obtained from the most recent proportions of alpha , beta, gamma , and delta 
tocopherols in concentrates of alpha tocopheryl acetate. The 16.66 is a concentra- 
tion factor indicating the portion of total sample represented in the 100-ml. alcohol 
solution. 

Assay for Non Alpha Tocopheryl Acetates.— Transfer a 20-ml. aliquot of the 
ether extract of the unsaponifiable material above, to a 25-ml., nonactinic, volu- 
metric flask, evaporate the ether to dryness in a stream of nitrogen, and then dilute 
to 25 ml. with dehydrated alcohol. Mix well. Proceed as in the assay for non 
alpha tocopherols under the method for concentrates of mixed tocopherols starting 
with: “. . . and transfer a 5-ml. aliquot of this solution . . 

Calculate the milligrams of non alpha tocopheryl acetates in the original sample 
used by multiplying the sample absorbance corrected for blank by 51.9, and then 
multiplying this by 3.125. The factor, 51.9, has been obtained from recent data 
on the beta, gamma, and delta tocopherol content in alpha tocopheryl acetate con- 
centrate. The 3.125 is the equivalent of sample represented in 100 ml. of de- 
hydrated alcohol solution, even though only 25 ml. were prepared for ease of assay. 
This conversion is necessary because the 51.9 factor has a concentration factor in- 
cluded, based on a 100-ml. volume. The alpha content is calculated by difference. 

VITAMIN K 

The vitamin K group of vitamins is widely distributed in nature, especially in 
green plants (isolated from alfalfa by Dam and Karrer).-^ There are several vita- 
min K-like substances having the designations Kj, K 2 , K 3 , etc. 

« Dam, H„ et al., Heb. Chim. Acta, 22, 310, 1939. 
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VITAMIN K, 

Phytonadione, 2-Methyl-3-phytyl-l ,4-naphthoqutnone 


oof 


CH 3 CH, CH 3 CH, 

I I I I 

CH 2 CH=C(CH 2 ),— CH(CH 2 )j— CH(CH,) 3 — ch 

6 I 

CH, 


Vitamin kj is a clear, yellow, viscous liquid stable in air, but readily degraded 
on exposure to light It is soluble in most organic solvents but insoluble in 
water It is unstable in contact with reducing agents Density at 25'C = 
0 967 Ej^«, = 428 at 248 m/i The refractive index at 25°C is between 1 5230 

and 1 5250 


VITAMIN K 2 

2-Meth>l-3-difarnesyl-l,4-naphthoquinone 


/CHj 

CH, CH, CH, 

\ I I I 

X CH 2 CH=C— CH 2 (CH 2 CH=C— CH 2 ) 4 — ch s ch=c 


CH, 

mol wt 580 86 


Vitamin K 2 occurs in the form of light yellow, micro crystalline plates It is slightly 
Jess soluble than vitamin Kj in the same solients Ej c ^ = 520 at 249 mu 


VITAMIN K 3 

Menadione, 2-Methyl 1,4 naphthoquinone 
O 



CnH 8 0 2 


o 


mol wt 172 2 
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Vitamin K 3 is a bright yellow, crystalline powder, stable in air, but unstable if 
exposed to sunlight. It is practically insoluble in water, but is soluble in benzene, 
ethanol, and vegetable oils. Melting point, 105° to 107°C. It is unstable in alkaline 
solutions, and is decomposed by reducing agents. 

VITAMIN K 4 

2-Methyl- 1 ,4-naphthoquinone hydroquinone 

Usually found as the diacetate known as menadiol diacetate, or as the diphos- 
phate known as menadiol diphosphate: 

O-COCHs 0-P0 3 Na 2 




Tetrasodium diphosphate occurs as a white to pink powder. It is very soluble in 
water, insoluble in methanol, ethanol, and acetone, while the diacetate is almost 
insoluble in water, soluble in ethanol or acetic acid. 

DETERMINATION OF VITAMIN K 4 
Spectrophotometric Method .— Protect all solutions of this vitamin from exposure 
to light by use of nonactinic glassware. Transfer an accurately measured amount 
of sample, equivalent to about 100 mg. of vitamin Kj, to a 100-ml. volumetric flask. 
Add 50 ml. of isopropanol, shake thoroughly to dissolve the sample, dilute to 
volume with isopropanol, and mix thoroughly. Let the mixture stand for 30 min., 
shaking occasionally; then allow any insolubles to settle to the bottom, or centrifuge 
a portion of the mixture if necessary. Dilute I ml. of the supernatant solution to 
100 ml. with isopropanol. Determine the absorbance of this dilution at 270 mu in 
a 1-cm. cell using a suitable direct reading spectrophotometer and isopropanol in 
the reference cell. Compare this absorbance to that of a 10 /tg. per milliliter solu- 
tion of U.S.P. phytonadione reference standard in isopropanol. This method is 
suitable for pure material or certain pharmaceutical formulations, except for emul- 
sion of phytonadione, which requires a special modification as described in the 
U.S.P. XVI, p. 537. 


DETERMINATION OF VITAMIN K 3 
Titrimetric Method .— Accurately measure a sample, equivalent to about 20 mg. 
of menadione, and transfer to an Erlenmeyer flask. Extract the sample with 3 or 
more 10-ml. portions of chloroform, stirring die sample well each time, and after 
the insoluble material has settled, quantitatively transfer die supernatant extract 
to a medium porosity, sintered glass funnel protected from light. After the last 
extraction, transfer the entire sample to the funnel and rinse the flask and funnel 
with several small portions of chloroform. The funnel and suction flask should 
be protected from sunlight, and the suction flask should preferably be nonactinic. 
Evaporate the chloroform extracts to dryness using a current of air, but not with 
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the aid of a steam bath Add to the residue 7 ml of glacial acetic acid, stit until 
dissolved and then add 10 ml of diluted hydrochloric acid (1 in 4) and about 1 » 
of zinc dust, and shake Close the flask with a stopper having a pressure relief 
valve and allow to stand in the dark with occasional shaking for 1 hr Quickly 
decant the solution through a pledget of cotton into another flask, and wash the 
original flask and cotton with three 5 mL portions of boiled and cooled water Add 
0 1 ml of 1 10 phenanthroline (150 mg 1 10 phenanthrohne in 10 ml of freshly 
prepared 1 48% ferrous sulfate) and titrate immediately with 0 02 N ceric sulfate 
Run a blank titration and make any necessary correction Each milliliter of 002 A 
ceric sulfate is equivalent to 1 722 mg of menadione 

If the sample being assayed contains stearic acid, the combined chloroform ex 
tracts should be extracted with 10 ml of 0 2 N sodium hydroxide, and the chloro 
form layer saved The alkali layer is washed with 10 ml of chloroform and this 
chloroform is added to the main extract The chloroform extract may have to be 
filtered and the filter washed with additional chloroform 

POLAROGRAPHIC ASSAY 

Very satisfactory results have been obtained in these laboratories using the 
method of Jongkmd 43 as modified by Bourne 44 This method can be used not 
only for the assay for pharmaceutical materials, but also to determine the amount 
of degradation of menadione for stability study purposes 

Reagents. Sorensen’s Buffer pH 8 —Add 6 75 g of potassium dihydrogen phos- 
phate and 47 ml of 1 N sodium hydroxide to a 1000 ml volumetric flask Dilute 
to volume with distilled water, and shake until dissolved 

Benzene, Reagent Grade. 

Ethanol 

Standard — Dissolv e 50 mg of U S P menadione reference standard in sufficient 
benzene to make 50 ml of solution Store away from light 

Ceric Solution —Dissolve 13 g of ceric ammonium nitrate in sufficient 1 N sulfuric 
acid to make 500 ml of solution 

Procedure }or Menadione .— Transfer an accurately weighed sample, equivalent to 
about 2 5 mg of menadione to a 125 ml, glass stoppered Erlenmeyer flask Add 
exactly 25 ml of benzene, stopper, and shake on a wrist action shaker for 20 min 
Filter through paper and transfer a 10 ml aliquot of the filtrate to a 50 ml beaker 
Evaporate to dryness with the aid of an air stream Dissolve the residue m 2 ml 
of ethanol, and quantitatively transfer to a 25 ml volumetric flask with the aid ol 
several small portions of distilled water Add 5 0 ml of Sorensen’s buffer and 
dilute to the mark with distilled water Adjust the mercury flow on a Sargent 
Polarograph Model XV (or any comparable polarograph), so that the drop rate is 
approximately 1 drop every 3 sec Transfer approximately 15 ml of the sample 
solution to a rapid deaerating mercury pool type electrolysis vessel, and bubble 
nitrogen through the solution for three mm Keep the solution under an atmos 
phere of nitrogen while recording the curve The polarogram is then recorded 
under the following conditions 2 0 volt span, 0 030 *ia per millimeter sensitivity 
damping in position 1, normal polarity, and over a span of 5 to 35% Transfer 
a 2 ml. aliquot of the standard to a 50 ml beaker, and proceed as above, beginning 
‘Evaporate to dryness . From the polarogram, obtain the wave heights for 
the standard and sample 

43 Jongkmd, J C, Buzza, E, Fox, S H, J A PH A, 46, 214, 1957 

44 Bourne, R J , private communication 
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Wave height of sample (millimeters) ^ ^ ^ 25 25 

Wave height of standard (millimeters) ’ 10 s sample weight (grams) 

= milligrams of menadione per gram, 
or: 

Wave height of sample (millimeters) 2.5 

Wave height of standard (millimeters) sample weight (grams) 

= milligrams menadione per gram. 

Procedure jor Menadiol and Menadione.— Accurately weigh a sample equivalent 
to about 2.5 mg. of menadione into a 250-ml. iodine flask, and slowly add 25 ml. of 
ceric solution. Allow the foaming to subside, then add exactly 25 ml. of benzene. 
Stopper tightly and shake on a wrist action shaker for 20 min. Transfer the con- 
tents of the iodine flask to a 90-ml. centrifuge tube, and centrifuge for 5 .min. 
Transfer a 10-ml. aliquot of the benzene layer to a 50-ml. beaker, and proceed as 
described under the procedure for menadione, beginning “Evaporate to dry- 
ness . . .”. Transfer a 5-ml. aliquot of the standard to a 250-ml. iodine flask, add 
25 ml. of ceric solution, exactly 20 ml. of benzene, and proceed as above. 
Calculations.— 

Wave height of sample (millimeters) ^ ^ ^ 25 25 

Wave height of standard (millimeters) ' 1 0 sample weight (grams) 

= milligrams of menadione + menadiol per gram (calculated as menadione). 

No iE.— The N.F. XI, on p. 201, describes a 2,4-di-nitrophenylhydrazine method for 
menadione that works quite well for pure materials. 

DETERMINATION OF VITAMIN K 4 DIPHOSPHATE 
T1TRIMETRIC METHOD 

Procedure.— Transfer an accurately measured sample, equivalent to about 50 mg. 
of vitamin K, diphosphate, to a 250-ml. beaker, and add 25 ml. of glacial acetic acid. 
Add 25 ml. of hydrochloric acid (1 in 4) and 25 ml. of water, mix, and titrate with 
0.01 A r ceric sulfate, using a potentiometric end point and a platinum-calomel elec- 
trode system. Each milliliter of 0.01 N ceric sulfate is equivalent to 2.651 mg. of 
menadiol sodium diphosphate hexahydrate, or 2.110 mg. of menadiol sodium di- 
phosphate. 


SPECTROPHOTOMETR1C METHOD 
Procedure.— Transfer a sample, accurately measured, equivalent to 10 to 100 mg. 
of menadiol diphosphate, to a 100-ml. volumetric flask. If the sample is not already 
in solution, dissolve it by adding a few drops of glacial acetic acid. Dilute to 100 
ml. with water. Make further dilutions until the final concentration will be about 
25 /jg. per milliliter in Sorensen’s buffer. 45 Determine the absorbaned of this solu- 
tion at 300 m/i using 1-cm. cells and any suitable direct reading spectrophotometer. 

4 •'* Sorensen's buffer, pH 8. Add 6.75 g. of potassium dihydrogen phosphate and 47 ml. 
of ! A' sodium hydroxide solution to a 1060-mi. volumetric flask, and dilute to the maik 
with distilled water. 
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Use Sorensens buffer in the reference cell Compare this with the absorbance of 
a 2a /<g per milliliter reference standard in Sorensen s buffer 

DETERMINATION OF VITAMIN k IN BIOLOGICAL 
MATERIALS 

None of the above methods are suitable for use in biological materials The 
method of Scudi and Buhs 46 has been used for biological materials but it is \ery 
lengths tnd delicate It involves a catalytic reduction of the qumone in butanol 
solution in the presence of phenosaframne as an indicator The resulting hydro 
qumone is treated with an excess of a butanol solution of 2 6-dichlorophenol indo 
phenol The decolorization is a measure of the vitamin k present in the sample 
The method of kofler 4 has been used for urine and serum It is based on tie 
color reaction of 2 methyl 1 4 naphthoquinone with cyanoacetic acid ester and 
ammonia A system of blanks is included to correct for interferences 
The most reliable method for biological materials still appears to be the bio 
assay 

THIAMINE 

Vitamin Bi Aneunne 


?cr 


C 12 H 28 C1 N\OS mol wt 337 ’9 

\ itamin B 3 occurs in pharmaceutical preparations usually as the chloride hydro- 
chloride or mononitrate In nature wtamin B! is found either free or as a protein 
complex \ east and cereal grains are especially rich in Mtamm B, 

Thiamine hydrochloride occurs as small white crystals or as a crystalline powder 
with a characteristic odor and bitter taste It is \ery soluble in water The pH of 
a 1% water solution is 3 1 It is soluble in glycerol and in ethanol but insoluble 
in acetone benzene chloroform and ether It melts between 246° and 2aO°C with 
decomposition ll does not show any optical rotation Vitamin B, produces a 
white precipitate with mercuric chloride solution In dry forms it is quite stable in 
air On oxidation vitamin Bj is converted into a yellow pigment called th o- 
chrome which exhibits a strong blue fluorescence in ultraviolet light 

For quantitative raeisurement potassium femeyamde m alkaline solution is use l 
as an oxidizing agent 48 and this same method has been modified by many authors 
To be able to determine not only free vitamin Bj but also the ester form (pjro- 
phosphonc ester) many authors have proposed an enzymatic hydrolysis 4 ® 59 

46 Scudi J \ Buhs R P J Biol Chem HI, 4a I 1941 143, 665 1942 

47 kofler M Helv Chim Acta 28,702 1945 

48 Jansen B Rec trav chim 55, 1046 1936 

48 Hennessy D et al J Am Chem Soc 61, 179 1939 
so Melnick D et al J Biol Chem 127,531 1939 
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DETERMINATION OF THIAMINE 

THIOCHROME ASSAY METHOD 

Apparatus. Fluorophotometer.— Any suitable electronic fluorophotometer, such 
as the Coleman Model 12C, may be used for this determination. The primary 
filter should transmit energy at 365 m/i, and the secondary filter should be a narrow 
range transmittance filter with a transmission maximum at 435 m/z. Satisfactory 
filters are a Woods filter for primary, and Corning 3389 and 428 for a secondary 
filter. The energy source is a mercury vapor lamp. 

Cuvets.— The fluorophotometer should be equipped with a matched set of cuvets. 
These are available in sets of 12 for the Coleman instruments. If matched sets are 
not used, blank corrections must be determined for the difference in transmission 
of any 2 cuvets used. 

Reagents. Acid Potassium Chloride Solution.— Dissolve 250 g. of reagent potas- 
sium chloride in sufficient water to make approximately 950 ml. Add 8.5 ml. of 
reagent hydrochloric acid, and then sufficient water to make 1000 ml. 

Sulfuric Acid, 0.1 N .— Add 3 ml. of reagent sulfuric acid to sufficient water to 
make 1000 ml. 

Sodium Hydroxide Solution, 15% w/v. 

Digestion Mixture.— Add 1 volume 0.1 A r sulfuric acid to 1 volume acid potas- 
sium chloride. 

Potassium Ferricyanide Solution, 1%.— Dissolve 0.5 g. reagent potassium ferri- 
cyanide in sufficient water to make 50 ml. This solution must be freshly prepared 
on the day it is used. 

Oxidizing Reagent.— Prepare the solution by mixing 4.0 ml. of a 1% potassium 
ferricyanide solution with sufficient 15% sodium hydroxide solution to make 100 ml. 
This solution must be freshly prepared on the day it is used. 

Isobutyl Alcohol, Redistilled.— Reagent grade isobutyl alcohol, redistilled in an 
all glass distillation apparatus. 

Sodium Acetate, 2 Ah— Dissolve 275 g. of reagent sodium acetate in sufficient water 
to make 1000 ml. 

Quinine Sulfate Stock Solution.— Dissolve 10 mg. of quinine sulfate crystals in 
sufficient 0.1 N sulfuric acid to make 1000 ml. Preserve this solution in light- 
resistant containers in a refrigerator. 

Quinine Sulfate Standard Solution.— Dilute 10 ml. of the quinine sulfate stock 
solution with sufficient 0.1 zV sulfuric acid to make 400 ml. Preserve this solution 
in a refrigerator in light-resistant glassware, and add 2 to 3 ml. of redistilled chloro- 
form to each 400 ml. of the solution. This solution fluoresces to approximately 
the same degree as the thiodirome obtained from 1 /zg. of thiamine hydrochloride, 
and is used to govern the reproducibility of the fluorophotometer. This solution 
should be carefully decanted into a cuvet in order that no chloroform will accom- 
pany the quinine solution and thus give a false fluorescent reading. A new quinine 
sulfate standard solution should be made up when there still remains approximately 
100 ml. of the previous solution. After tire new solution is standardized, the old 
solution can be discarded. A new solution must be made up at any time there is 
found to be a change of more than 2 galvanometer divisions deflection in the 
intensity of dre fluorescence of the quinine solution from the intensity at the time 
the solution was first prepared. 
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Thiamine Hydrochloride Stock Solution —Weigh accurately 0 100 g of USP 
tlnamine hydrochloride reference standard which has been kept in a desiccatoi 
over phosphorus pentoxide for at least 16 hr Since the reference standard is 
hygroscopic precautions must be taken to avoid absorption of moisture during 
weighing Transfer the weighed standard to a 1000 ml volumetric flask and dilute 
to volume with 20% ethanol which has been adjusted to a pH of 3 5 to 4 3 with 
hydrochloric acid Store in the refrigerator in a well closed light resistant container 
Thiamine Hydrochloride Standard Solution —Pom 5 to 10 ml of the thiara ne 
hydrochloride stock solution into a clean dry small glass stoppered flask Store 
this solution in the dark and allow it to warm up to room temperature Then 
by means of a clean dry pipet transfer 1 ml of the stock solution to a clean 100 ml 
volumetric flask and add sufficient water pH 3 5 to 4 3 to make 100 ml Transfer 
exactly 5 ml of this solution to a clean dry 25 ml volumetric flask and add suf 
flcient acid potassium chloride to make 2 o ml This is the standard solution and 
contains 0 20 of thiamine hydrochloride per milliliter 

Oxidation of Thiamine to Tluochrome and Measurement of Fluorescence Oxi 
dation and Standardization —Take the 25 ml acid potassium chloride solution 
prepared as directed under thiamine hydrochloride standard solution above and 
transfer a 5 ml portion to each of two 30 ml glass stoppered separatory funnels 
To each add 3 ml of the oxidizing reagent then 15 ml of isobutanol stopper 
and shake vigorously for a minimum of 90 sec Centrifuge at slow speed to sepa 
rate the alcohol and aqueous phases Dram off the aqueous layer with a minimum 
loss of isobutanol If the isobutanol layer is not water clear add about 2 g of 
anhydrous sodium sulfate Decant the isobutanol from the separator into separate 
cuvets in preparation for measurement of fluorescence 
Prepare a blank by treating 2 more 5 ml aliquots of the acid potassium chloride 
solution in exactly the same manner as directed in the paragraph above except that 
3 ml of 15% sodium hydroxide are used instead of the 3 ml of oxidizing reagent 
When the isobutanol solutions are ready to metsure for extraneous fluorescence 
proceed as directed in the following paragraph 

Place in another matched cuvet 10 to 15 ml of the quinine sulfate standard 
solution Now place in the fluorophotometer a cuvet containing the thiochrome 
from the standard thiamine solution ( Oxidation and Standardization above) and 
adjust the instrument so that a reading of 50 divisions is obtained Now measure 
the fluorescence of the blank solution as above Replace the standard thiamine 
and readjust the instrument to read 50 divisions plus the reading obtained from 
the blank Now place in the instrument the cuvet containing the quinine sulfite 
standard solution and determine the number of divisions deflection of the gal 
vanometer produced by the fluorescence of the quinine Check this reading with 
the duplicate thiamine and blank solutions just prepared This quinine reading 
is equivalent to the fluorescence from 1 *ig of thiamine hydrochloride and the 
quinine solution standardized in this way may be used to standardize the fluoro 
photometer during subsequent measurements 
Preparation of Assay Solution —Transfer an accurately measured sample to a 
250 ml nonactinic round bottom flask and add about 100 ml of digestion mixture 
Reflux for 20 min cool and dilute to an estimated concentration of 1 #<S P er 
milliliter Transfer 5 ml of this dilution to a 25 ml volumetric flask and dilute 
to volume with acid potassium chloride This is the assay solution 
Oxidation of the Thiamine Hydrochloride from a Sample to Thiochrome an 
Measurement of the Fluorescence —Take iwo 5 ml aliquots of the assay solution 
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prepared above, and oxidize as directed for the oxidation of the standard thiamine 
solution (“Oxidation and Standardization,” above). Take another 5-ml. aliquot 
of the "assay solution" and prepare a blank as directed for the standard thiamine 
solution. 

Measure the fluorescence of this oxidized assay solution and the blank against 
standardized quinine sulfate standard solution. 

Calculations.— The microgram of thiamine hydrochloride represented in each 
milliliter of the final assay solution = 


fluorescence of sample solution — sample blank 
— 


X 0.20 


Calculate the quantity of thiamine hydrochloride in the assay sample on the basis 
of the dilutions used. Where necessary, the amount of thiamine mononitrate may 
be calculated by multiplying milligrams of thiamine hydrochloride by 0.9706. 


METHOD FOR FOODS, CEREALS, OR LOW POTENCY SAMPLES 
CONTAINING THIAMINE 

Procedure.— Weigh a sample estimated to contain 40 to 50 /ig. of thiamine, and 
transfer to a suitable digestion flask. Add about 150 ml. of 0.1 N hydrochloric 
acid, and mix well. Digest the mixture on a steam bath for about 30 min., shaking 
it occasionally. Cool the digested sample to room temperature and adjust the pH 
to 4.5 by adding 2 N sodium acetate, using a pH meter to check the pH, and dilute 
tire sample to a definite volume. 51 

Transfer an aliquot of die digested sample, equivalent to about 5 ng. thiamine, 
to a chromatographic tube of the Hennessy 52 type (about 125 to 150 mm. long, and 
G-mm. diameter, fitted with an enlarged reservoir above and a capillary column at 
the bottom, allowing a flow rate of about 1 ml. per minute) filled with 1 to 2 g. 
of a purified base exchange silicate, such as Fisher Special Decalso for Thioclirome 
Determination. 

After the sample has passed through the column, the column is washed with 
three 5-ml. portions of hot water, using care that the surface of the liquid never 
falls below the surface of the exchanger. Elute the thiamine by passing five 4.5-ml. 
portions of very hot acid potassium chloride through the column. Collect the 
eluate in a 25-ml. volumetric flask, cool the eluate, and dilute to volume with acid 
potassium chloride. This' is the “assay solution”; proceed as in "Oxidation of the 
Thiamine Hydrochloride from a Sample to Thioclirome and Measurement of the 
Fluorescence,” above. Calculate the results based on the size sample used and the 
dilutions made. 


METHOD FOR THE DETERMINATION OF THIAMINE IN BLOOD 

The procedure by T. Friedeman et a l.* 3 uses deproteinized blood, converting 
vitamin Bj quantitatively to thioclirome, which is then determined fluorometrically. 
Because a portion of the vitamin Bj in blood is in the form of its pyrophosphoric 
ester, it is necessary to apply an enzymatic hydrolysis to free the thiamine. 

Procedure.— Five ml. of the blood are diluted to 30 ml. with water in a 100-ml., 

51 An alternate enzyme hydrolysis may be performed as described in the AOAC, 9th ed., 
p. 658. 

52 Hennessy, D., et al., J. Am. Chem. Soc., 61, 179, 1939. 

53 Friedeman, T., et al., J. Lab. Clin. Med., 28, 1262, 1943. 
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glass stoppered centrifuge tube One ml of about 1 N hydrochloric acid is added 
and well mixed by swirling and the mixture is heated for about 10 min in a bo I 
ing water bath Tahadiastise darase or amylase (0 2o g) is added and the mi\ 
ture is incubated for I to hr at 40°C The mixture is then again acidified with 
2 ml of 1 A hydrochloric acid heated in a boiling water bath for 10 mm and 
then cooled to room temperature 

Ten ml of freshly prepared 10% metaphosphoric acid are then added and the 
volume is made up to 50 ml with water The solution is mixed well and centn 
fuged 

An aliquot of 45 ml of clear supernatant liquid is transferred into a 150 ml 
Erlenmeyer flask 2 drops of bromphenol blue indicator are added and by means 
of 1 \ sodium hydroxide the pH is adjusted to 3 to 3 5 

The sample is then passed through a column of activated zeolite prepared m 
the following manner 54 zeolite is actuated by boiling several times with 5% acetic 
acid washing with 2»% potassium chloride and then with water until free of 
chloride the zeolite is then packed into a 125mm Hennessy column After tie 
sample has been passed through the column the column is washed with about 
50 ml of water 

The thiamine is eluted with a 25% solution of potassium chloride or sodium 
chloride in 0 1 A hydrochloric acid until 25 ml of eluate is collected This is tie 
assay solution and is oxidized as in Oxidation of the Thiamine Hydrochloride 
from a Sample to Thiochrome and Measurement of the Fluorescence above 

DETERMI\ ATION OF VITAM1 \ B l IN VR11\E 

Many methods have been published for the determination of thiamine in urine 
but all appear to have rather serious shortcomings and will not be reviewed here 
The methods of Perlzweig 53 Mason and Williams 66 and Najjar and Ketron” are 
examples of various methods that have been used 

RIBOFLAVIN 

Vitamin B 2 Lactoflavin Vitamin G 


O 



CH 2 (CHOH)3— CHsOH 

Ci 7 H 2 oN 4 0 6 mol wt 3764 

Riboflavin is widely distributed m both the plant and animal kingdom It is a 
yellow or orange yellow crystalline powder with a slight odor and a somewhat bitter 
taste 

64 This zeolite may be obtained as Special Decalso for Thiochrome Determmauon as 
s ipplied by Fisher Scientific Co 
ssperlzweig \V et al Arch Biochem 6,97 1945 
os Mason H et al J Biol Chem 140 417 1941 146, 589 1942 
*7 Najjar V el al J Biol Chem 152 579 1944 
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It is slightly soluble in water (about 0.01%), even less soluble in ethanol, and 
is insoluble in most other organic solvents. If I mg. is dissolved in 100 ml. of 
water, the solution is pale greenish-yellow, and has an intense yellowish-green 
fluorescence that disappears upon the addition of mineral acids or alkalies. It 
melts at about 280°C. with decomposition. Vitamin B 2 is optically active having 
a [«] D = —112° to —122° in a slightly alkaline water-ethanol solution. While it is 
stable in acids and some oxidizing agents (excluding chromic acid), it is easily re- 
duced to a leuco base by sodium hydrosulfite. It is very sensitive to light. In 
natural products, it occurs in the form of esters; it is necessary, therefore, to hydro- 
lyze samples before an analytical method is applied. 

The fluorometric determination of vitamin B 2 is based upon activation by blue 
light at a wavelength of about 440 m/i. The fluorescence is very much affected by 
pH. Many methods have been proposed for the removal of interfering fluorescent 
substances. Some of the methods use activated earths, or treatment with permanga- 
nate and hydrogen peroxide, such as the method proposed by Koschara. 58 For 
products of low potency, some authors 5a have proposed a method that gives good 
agreement with microbiological assays. The preparation of samples for combined 
determination of riboflavin and thiamine is described by Conner. 60 For the deter- 
mination of riboflavin in cereals, see the work of Andrews. 01 

DETERMINATION OF VITAMIN B 2 

FLUOROMETRIC ASSAY METHOD 

Apparatus. Fluorophotometer.— Any suitable electronic fluorophotometer, such 
as a Coleman Model 12C, equipped with a primary filter transmitting at a maxi- 
mum of 440 m/t, and a secondary filter with a maximum at 565 m/t. Representative 
filters are Corning Blue and Corning 038 as primary filters, and Corning 351 as a 
secondary filter. 

Cuvets.— The fluorophotometer should be equipped with a matched set of cuvets 
or cells. These are available in sets of 12 for the Coleman instrument. If matched 
sets are not used, blank corrections must be determined for the difference in trans- 
mission of any cuvets used. 

Reagents. Acetic Acid, Glacial, Reagent Grade. 

Acetic Acid, 0.02 N .— Dilute 1.2 ml. of glacial acetic acid with sufficient water to 
make 1 000 ml. 

Acid Potassium Chloride Solution.— Dissolve 250 g. of reagent grade potassium 
chloride in sufficient water to make approximately 950 ml. Add 8.5 ml. of reagent 
hydrochloric acid and then sufficient water to make 1000 ml. 

Sulfuric Acid, 0.1 N .— Add 3 ml. of reagent sulfuric acid to sufficient water to 
make 1000 ml. 

Digestion Mixture.— Add 1 volume of 0.1 N sulfuric acid to 1 volume of acid 
potassium chloride. 

Double-Normal Sodium Acetate.— Dissolve 275 g. of reagent sodium acetate in 
sufficient water to make 1000 ml. 

Potassium Permanganate Solution.— Dissolve 4 g. of reagent grade potassium 
permanganate in sufficient water to make 100 ml. 

ss Koschara, W„ Bei., 67, 761, 1934. 

00 Rubin, S., et at., Ind. Eng. Chem., Anal. Ed., 17, 136, 1945. 

°o Conner, R„ et at., Ind. Eng. Chem., Anal. Ed„ 13, 385, 1941. 

1,1 Andiews, J., Ceieal Chem., 21, 398, 1944. 
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Hydrogen Peroxide Solution.— Use 3% solution 

Standard Riboflavin Stock Solution I.— Dissolve 50 mg of U S P riboflavin ref 
erence standard previously dried at 105°C for 2 hr, and stored m the dark in a 
desiccator over phosphorus pentoxide, in 0 02 V acetic acid to make 500 ml Store 
this solution under toluene m a refrigerator Each milliliter represents 100 Mg of 
USP riboflav in reference standard To facilitate solution add the 50 mg standard 
to approximately 300 ml of 0 02 N acetic acid, and warm the mixture on a steam 
bath with constant stirring until the riboflavin is dissohed Then cool, and add 

0 02 A acetic acid to make 500 ml 

Standard Riboflavin Stock Solution II. — ' To 100 ml of stock solution I, add 002 \ 
acetic acid to make 1000 ml Store under toluene in a refrigerator Each milliliter 
represents 10 Mg of U S P riboflavin reference standard 

Standard Riboflavin Solution —Dilute 10 ml of stock solution II with water to 
make 100 ml Each milliliter represents 1 0 Mg of U S P riboflavin reference 
standard Prepare fresh standard solution for each assay 

Instrument Reference Solution —Dilute 1 ml of standard riboflavin stock solu 
tion II with water to make 100 ml This solution is used to govern the reproduci 
bility of the instrument each time the measurement of the fluorescence of test solu 
tions (p 2365 below) is to be made 

Sodium Hydrosulfite.— The sodium hydrosulfite must be of high purity Do not 
use if unduly exposed to light or air An amount appreciably in excess of 20 mg 
may reduce foreign pigmented and fluorescing substances, thereby causing erroneous 
results The suitability of the sodium hydrosulfite is checked in the following 
manner to each of 2 or more tubes add 10 ml of water and 1 0 ml of a standard 
riboflavin solution containing 20 Mg of riboflavin in each milliliter and mix to 
each tube add 1 0 ml of glacial acetic acid, mix add, with mixing 05 ml of 
potassium permanganate solution (1 in 25) and allow to stand for 2 min then to 
each tube add, with mixing 0 5 ml hydrogen peroxide solution, whereupon the 
permanganate color must be destroyed within 10 sec Shake the tubes vigorously 
until excess oxygen is expelled If gas bubbles remain on the sides of tubes after 
foaming has ceased remove the bubbles by tipping the tubes so that the solution 
flows slowly from end to end In the fluorometer, measure the fluorescence of the 
solution Then add, with mixing, 8 0 mg of sodium hydrosulfite whereupon the 
riboflivin must be completely reduced m not more than 5 sec 

Assay Procedure Preparation of the Sample —Transfer an accurately measured 
amount of the sample to a 250 ml round bottom digestion flask, add 150 ml of 
•digestion mixture, sad Kfittx under an an g/ass apparatus {or 3d mm or avsv'.'. 1 ike 
sample is disintegrated thoroughly Transfer the contents to 3 500 ml volumetric 
flask, dilute to volume with water, and mix Filter the sample through a filler 
paper known to be free of fluorescent materials Discard the first portion and 
dilute an aliquot of the subsequent filtrate so that a concentration of about 0 1 MS 
per milliliter is obtained The final dilution is adjusted to a pH of 6 8 with 0 05 A 
sodium hydroxide before the final solution is diluted to volume This constitutes 
the 1 assay solution ” 

Preparation of Test Solutions —To each of 2 or more tubes, add 10 ml of the 
assay solution To each of 1 or more of the tubes add 1 0 ml of the standard 
riboflavin solution and mix, and to each of 1 or more of the remaining tubes add 

1 0 ml of water and mix To each tube add 1 0 ml of glacial acetic acid, mi*. am * 
add, with mixing, 0 5 ml of potassium permanganate solution (1 in 25) and all 0 " 
to stand for 2 mm Then to eadi tube add, with mixing, 0 5 ml of hydrogen 
peroxide solution, whereupon the permanganate color must be destroyed witlun 
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10 sec. Shake the tubes vigorously until excess oxygen is expelled. If gas bubbles 
remain on the sides of the tubes after foaming has ceased, remove the bubbles by 
tipping the tubes so that the solution flows slowly from end to end. Transfer the 
test solution from each tube to a clean dry cuvet. 

Measurement of Fluorescence.— Place in the fluorophotometer a cuvet containing 
10 to 15 ml. of the instrument reference solution, and adjust the instrument to 
give a deflection of 40 galvanometer divisions (or any other more desirable reading 
for any given instrument, providing the same setting is used from day to day). 
Measure the fluorescence of the test solution containing 1.0 ml. of added standard 
riboflavin solution, and call this reading A. Measure the fluorescence of the test 
solution containing 1.0 ml. of added water, and call this reading B. Then, to 
reduce the riboflavin present, add, with mixing, 20 mg. of sodium hydrosulfite to 
both of the tubes just read, and measure the fluorescence within 5 sec., and call this 
reading C. It is desirable that 3 or more galvanometer readings be made on each 
solution, and if minor variations occur, that the average readings be used. 

Calculations.— 

B — C 

The micrograms of riboflavin in each milliliter of the “assay solution” = — — X 0.1. 

A — B 

The ratio of (B — C)/(A — B) must be not less than 0.66 or more than 1.5. The 
riboflavin content of the sample is calculated from the aliquots used for assay 
and the size of the original sample used. 

Alternative Sample Preparation.— An alternative method of sample preparation 
is used for special cases such as foods, low potency natural products, etc., in which 
the sample is placed in a flask and an amount of either 0.1 N sulfuric or hydro- 
chloric acid is added so that a concentration of less than 0.1 mg. of riboflavin per 
milliliter is obtained. Usually a 30- to 50-ml. portion of acid is used. The mixture 
is then heated in an autoclave at 121° to 123°C. for 30 min., and then the sample 
is cooled. If any clumping has occurred during autoclaving, mix thoroughly until 
the particles are evenly suspended. Adjust the pH of the solution to 6.0 to 6.5 
with sodium hydroxide solution, and then add dilute hydrochloric acid until no 
further precipitation occurs. 

Dilute the mixture to a definite volume so that a concentration greater than 
0.1 Mg- per milliliter is obtained, and mix thoroughly. Filter through a paper 
knotvn not to contain fluorescent material. Centrifuging or the use of a filter aid 
may be employed for materials that are difficult to filter. To an aliquot of this 
filtrate, add more hydrochloric acid and then sodium hydroxide to check for com- 
plete precipitation of protein. If no further precipitate forms, adjust the solution 
to a pH of 6.8, and dilute to a volume so that a calculated concentration of 0.1 /tg. 
per milliliter is obtained. Filter again if necessary. This is the “assay solution”; 
proceed as above. 


SPECTROPHOTOMETRIC METHOD 
In pure solution riboflavin can be assayed by direct reading of its color at 444 
mu, as proposed in the British Pharmacopoeia A 2 

RIBOFLAVIN IN URINE 

The method is adapted from the work of V. Najjar. 03 The urine for riboflavin 
determination must be preserved with about 3% of glacial acetic acid, and kept in 

British Pharmacopoeia, 1958, p. 509. 
os Najjar, V. A., J. Biol. Chem„ 141, 355, 1941. 
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dark bottles If normal content of riboflavin is expected, 1-2 ml of unne are 
diluted to 5 ml with water, or if a deficiency is anticipated, a 5 ml sample of urine 
is used In a 30-ml , glass stoppered centrifuge tube add 5 ml of diluted or im 
diluted urine, I ml of glacial acetic acid, and 1 ml of pyridine, and shake well 
Then add 2 drops of 4% potassium permanganate for each milliliter of actual 
urine, and let stand for 2 min The solution is then mixed for several seconds 
The excess of potassium permanganate is then destroyed with 5% hydrogen per 
oxide Add 1 g of anhydrous sodium sulfate for each milliliter of undiluted urine 
ind then 10 ml of n butanol and shake well for 2 min Centrifuge to separate 
the lasers Transfer an aliquot of the upper layer (butanol pyridine) to a photo 
metric cell, and determine the fluorescence hi a suitable fluorophotometer as above 

NICOTINIC ACID 

Niacin, Pyridine-(S*carboxylic Acid, Anti Pellagra Vitamin, P P Factor 


N 



C 6 HsN0 2 mol wt 12311 

Niacin is found in yeast, meat, fish, alfalfa, corn, legumes, and is a constituent of 
coenzymes 1 and II In animal tissue it is found as the amide 
Niacin occurs in the form of a white crystalline powder, or in the form of needles 
(from water and ethanol) One g dissolves m about 60 ml of water and is soluble 
in solutions of alkali hydroxides and carbonates It is insoluble in ether The 
melting point is 234° to 237°C (sublimes without decomposition) If a small 
quantity is heated with soda lime, it develops the odor of pyridine 

DETERMINATION OF NICOTINIC \CID 

TITRATION METHOD 

For the pure material, dissolve about 250 mg in 50 ml of water, and titrate with 
0 1 jV sodium hydroxide, using phenolphthalein as the indicator Each milliliter 
of 0 1 A' sodium hydroxide is equivalent to 12 31 mg of nicotinic acid 

CYAA'OGEY BROMIDE METHOD 

Various methods have been proposed for the quantitative determination of nico- 
tinic acid based on the reaction with cyanogen bromide to give an intermediate 
pyndinium compound, which in turn is decomposed and coupled with an aromatic 
amine to produce a color 64 65 ss,«7 es 69 

o* Dann \\ , et al , J Biol Chem , 136, 729 1940 
Hams, L ,el al , Biochem J 33, 2037, 1939 
eo James, E , et al , Analyst, 72, 327, 1947 
or Melnick, D , Cereal Chem , 19, 553, 1912 

68 Melnick, D et al , Tnd Eng Chem , Anal Ed , 15, 355, 1943 

69 Perkweig W ,elat, J Biol Chem , 136, 729, 1940 
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Apparatus. Spectrophotometer.— Any suitable direct reading spectrophotometer 
can be used. 

Reagents. Cyanogen Bromide Reagent.— Dissolve cyanogen bromide in distilled 
water to make a 10% solution. Prepare this solution under a hood, as cyanogen 
bromide volatilizes at room temperature, and die vapor is extremely hazardous. 

Sulfanilic Acid Solution.— To 10 g. of sulfanilic acid, add 60 ml. of water and 12 
ml. of 10% ammonia.. Mix, and add with stirring, more of the ammonia if neces- 
sary, until the acid dissolves; adjust the pH of the solution to about 4.5 with di- 
luted hydrochloric acid, and dilute to 100 ml. 

Standard Preparation.— Weigh accurately 75 mg. of U.S.P. nicotinic acid reference 
standard into a 50-ml. Erlenmeyer flask, and, after dissolving the standard in about 
20 ml. of water, transfer it quantitatively to a 250-ml. volumetric flask, and make 
up to volume with water. Pipet 10 ml. of the solution into a 200-ml. volumetric 
flask, and make up to volume with water. This solution contains 15 /*g. of standard 
per milliliter. 

Sample Preparation.— Prepare a water solution of the sample, using heat if neces- 
sary, to contain in each milliliter about 15 fig. of nicotinic acid. This is the "assay 
solution.” 

Procedure .— Mark 4 test tubes 1, 2, 3, and 4. Pipet into each test tube the stand- 
ard preparation, assay solution, ammonia dilution (1 ml. stronger ammonia diluted 
with water to 50 ml.), and water as indicated in the chart below (for details see the 
following paragraphs); 


Standard preparation 

Tube 7 
ml. 

1.0 

Tube 2 
ml. 

1.0 

Tube 3 
ml. 

Tube 4 
ml. 

Assay solution 

— 

— 

1.0 

1.0 

Ammonia dilution 

0.5 

0.5 

0.5 

0.5 

Water 

6.5 

1.5 

6.5 

1.5 


From this point on, all steps should be carried out under a hood, using careful 
analytical technique to avoid breathing the fumes from the cyanogen bromide. 
To Tube 1, add 2.0 ml. of the sulfanilic acid solution, shake well, and add 1 drop 
of hydrochloric acid. Mix the solution thoroughly, and place in the spectropho- 
tometer. Adjust the instrument to zero absorbance at 450 mix. To Tube 2, add 
5.0 ml. of the cyanogen bromide reagent, mix, and exactly 30 sec. after completion 
of the addition of the cyanogen bromide, add 2.0 ml. of the sulfanilic acid solution 
with swirling. Measure the absorbance of the solution from Tube 2 at 450 mu 
against the solution from Tube 1 as a blank, designating the reading as standard 
(read the maximum absorbance). 

Perform the same procedures respectively for Tubes 3 and 4, designating the 
reading of the solution from Tube 4 as sample. 

Calculations.— 


Absorbance of sample 
Absorbance of standard 


X 15 


= micrograms of nicotinic acid per milliliter of “assay solution” 

The nicotinic acid content of the test material is calculated on the basis of the 
sample size, aliquots, and dilutions made during the assay. 
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NICOTINIC ACID IN URINE 

Reagents Cyanogen Bromide Reagent —Use the same reagent as described 
above 

Amine Reagent —Five g of p ammo-ice tophenone is dissolved in 14 ml of 10y 
hydrochloric acid and diluted with water to 50 ml 

Procedure— The method is based on the work of L Harris'* All work with 
cyanogen bromide should be carried out m a well ventilated hood To 2 o ml of 
urine in a 100 ml round bottom flask add 5 ml of a 20% sodium hydroxide solu 
tion Fit the flask with a condenser and heat for 30 mm on a steam bath to 
hydrolyze the amide 

The mixture is cooled to room temperature and the pH is adjusted to exactly 
6 0 using bromthymol blue as an external indicator The contents are then quanti 
t tively transferred to a 50 ml glass stoppered graduate and made up to volimc 
with water 

Three 20 ml test tubes are marked at the 15 ml mark with an ampoule file and 
labeled B C and 5 B is a blank and S is the sample C is the control tube to 
which is added 0 20 ml of a stuulird solution of nicotinic acid containing 100 ng 
per milliliter Ten ml of the hydrolyzed urine are pipetted into each test tube 
and then heated loi 10 mm in an 80°G b ith Incited m a well ventilated hood 

Two ml of the cyanogen bromide reagent are added to C and S tubes and 
heating is prolonged for another 4 min The tubes are placed in a cold water batl 
and after 4 mm 0 2 ml of amine reagent is added to all tubes The tubes are 
placed in i dark place for 15 min To each tube 0 4 ml of 10% hydrochloric acm 
is added and made up to 15 ml with water The tubes are again placed into a 
dark place for 15 min The readings are taken m2 or 3 cm cells at 470 mu 
jg unst a refeience solution of water 

Calculations — 

absorbance (sample) — absorbance (blank) ^ 20 

absorbance (control) — absorbance (sample) milliliters of urine 

= micrograms of combined nicotinic acid, nicotinamide, and several metabolites of 
these all expressed as nicotinic acid 


NICOTINAMIDE 

Niacinamide, Nicotinic Acid Amide Vitamin B a Vitamin P P 
N 



C6H$N 2 0 mol wt 12213 


As tn the case of nicotinic acid nicotinamide occurs in both the plant and animal 
worlds usually associated with enzyme systems Niacinamide occurs in the form of 
a white crystalline powder or as needles (from benzene) It is very soluble in water 
and ethanol easily soluble in glycerol and slightly soluble m ether Niacinamide 
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melts between 128° and 131°C. It sublimes without decomposition. If heated with 
a solution of sodium hydroxide, the odor of ammonia is perceptible. 

DETERMINATION OF NICOTINAMIDE 

NONAQUEOUS TITRATION METHOD 
Procedure .— Dissolve 200 to 250 mg. of nicotinamide, accurately weighed, in 20 
ml. of glacial acetic acid, and, if necessary, heat gently to effect solution. Add 
100 ml. of benzene with a graduate, 2 drops of methylrosaniline chloride indicator 
(100 mg. of methylrosaniline chloride in 10 ml. of glacial acetic acid), and titrate 
with 0.1 N perchloric acid. Perform a blank determination omitting the nico- 
tinamide, and make any necessary correction. Each milliliter of 0.1 N perchloric 
acid is equivalent to 12.21 mg. of nicotinamide. 

CYANOGEN BROMIDE METHOD 

Prepare the cyanogen bromide solution, sulfanilic acid solution, standard prepa- 
ration (using U.S.P. nicotinamide reference standard), and sample preparation as 
described for nicotinic acid. The procedure is the same as for the nicotinic acid. 

PYRIDOXINE 

Vitamin Bg, Adermine, Pyridoxine Chloride 



CgH^NO.vCl mol. wt. 205.64 

In pharmaceutical preparations, vitamin B e is usually found as the hydrochloride. 
It is widely distributed in the plant and animal worlds, especially in yeast, liver, 
and cereals. 

Vitamin B 0 , as the hydrochloride, is in the form of white or colorless crystals 
(platelets or rods), and is stable in air. One g. dissolves in 5 ml. of water and about 
1% in ethanol. It is sparingly soluble in acetone, insoluble in ether; it is stable 
in acidified solutions. 70 It melts at about 205°C. with decomposition. 

Many methods 71 ' 72 . 73 . 74 ’ 75 have been developed for the analysis of pyridoxine, 
some of which have been modified many times, but the most used methods are those 
using indophenol, as well as those using 2,6-dichloroquinone-chlorimide. 

70 Cunningham, E., et til., J. Biol. Chcm., 158, 491, 1945. 

74 Bina, A., J. Biol. Chem., 148, 111, 1943. 

72 Hochberg, M„ et al„ J. Biol. Chem., 155, 109, 119, 129, 1944. 

73 Scudi, J. V., et al., Proc. Soc. Exp. Biol. Med., 43, 118, 1940. 

74 Stiller, E„ et n!., J. Am. Chem. Soc., 61, 1237, 1939. 

75 Swaminathan, M„ Nature, 145, 780, 1940. 
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DETERMINATION OF PYRIDOXINE HYDROCHLORIDE 


NON AQUEOUS TITRATION METHOD 
For the pure compound a simple nonaqueous titration is satisfactory if specificity 
is not desired This titration can be done by weighing accurately about 400 mg 
of sample and transferring it to a 150 ml beaker The sample is dissolved m a 
mixture of 40 ml of glacial acetic acid and 10 ml of 5% mercuric acetate in glacial 
acetic acid and heated slightly to effect solution Cool the sample add 2 to 3 
drops of methylrosamlme chloride (100 mg in 10 ml glacial acetic acid) and titrate 
with standardized 0 1 \ perchloric acid Run a blank by titrating the same amount 
of reagents as used m the sample and make any necessary corrections Each milli 
liter of 0 I A perchloric acid is equivalent to 20 56 mg of pyndoxine hydrochloride 

SPECTROPHOTOMETRIC METHOD 
Pure material may also be easily assayed by making up a 10 /ig per milliliter 
solution in 01 N hydrochloric acid and determining its absorbance at 292 mji 
versus a blank of 0 1 N hydrochloric acid This absorbance is compared to a stand 
ard of U S P pyridoxine hydrochloride reference standard obtained in the same 
manner 


COLORIMETRIC METHOD 

Scudi and coworkers 76 77 developed a method of analysis based on the reaction 
of pyridoxine with 2 6 didiloroqumone chlorimide This method was later mod 
fied by Hochberg and a modification of their method is described here Elucida 
lion of the structure of the B e group including the presence of pyrtdoxal and pyri 
doxamine has cast considerable doubt on the validity of this method for natural 
products Both pyndoxal and pyridoxamine as well as other physiologically acme 
B b group members react with this reagent to varying degrees this method can 
therelore be recommended only for samples that contain the major portion of their 
B 6 acmity as pyridoxine 

Apparatus Spectrophotometer —Any suitable direct reading spectrophotometer 

Reagents Chlorimide Reagent — Recrystallized 2 6 dichloroquinone chlonm de 
should be used and if unavailable the reagent may be recrystallized by dissolvug 
1 g in 50 ml of acetone and gradually adding about 200 ml of water with con 
tinuous stirring The crystals are collected on a filter pad and air dried by suction 
The dry reagent when stored in a tightly sealed bottle in a refrigerator is stable 
for at least 6 months To prepare the reagent solution 40 mg of the recrystallued 
reagent are dissolved m 100 ml of isopropanol The solution must be kept in a 
glass stoppered bottle in a refrigerator and should not be kept for more than 
1 month or should be discarded as soon as a pink coloration develops 

Ammonia Ammonium Chloride Buffer —Dissolve 16 g of ammonium chloride in 
70 ml of water add 16 ml of stronger ammonia water (27%) and dilute to 100 ml 
with water mix and filter 

Sodium Acetate Buffer —Dissolve 20 g of sodium acetate 3H 2 0 m water and 
dilute to 100 ml with water 

Boric Acid Solution —Dissolve 5 g of boric acid in 90 ml of hot water cool and 
dilute to 100 ml 
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Standard Preparation.— Accurately weigh exactly 25 mg. of U.S.P. pyridoxine 
hydrochloride reference standard, previously dried in vacuum over silica gel for 
4 hr., transfer to a 250-ml., nonactinic volumetric flask, dilute to volume with 0.1 N 
hydrochloric acid, and mix thoroughly. If this solution is kept in a glass-stoppered 
flask in a refrigerator, it should be stable for at least 3 months. Prepare a dilution 
of this standard daily, making a 10 to 100 dilution in water. 

Assay Procedure.— Transfer a finely ground sample, equivalent to about 10 mg. 
of pyridoxine hydrochloride, to an Erlenmeyer flask, and add 5 ml. of hydrochloric 
acid and about 250 ml. of water. Alternatively, the sample can be dispersed in a 
blendor and then transferred to an Erlenmeyer flask. The sample is heated on a 
steam bath for about 15 min., or until the sample is thoroughly dispersed. The 
sample is cooled and transferred to a 500-ml. volumetric flask, diluted to volume, 
and mixed. A 25-ml. aliquot is transferred to a 50-ml. volumetric flask, 10 ml. of 
1 N sodium hydroxide, and 200 mg. of manganese dioxide are added, and the mix- 
ture is heated on a steam bath for 30 min. The mixture is cooled, diluted to 
volume with water, mixed, and filtered. The filtrate may have to be centrifuged 
if it is not clear. This is the "assay solution.” 

Prepare and designate 2 solutions as outlined below in 50-ml. Erlenmeyer flasks: 

Solution I Solution II 

Assay' solution 5 ml. — 

Isopropanol 25 ml. 25 ml. 

Standard solution — 5 ml. 

Mix each of the above thoroughly and transfer two 5-ml. aliquots of Solution I to 
each of two 25-ml. glass-stoppered flasks labeled flask A and flask B. Transfer two 
5-ml. aliquots of Solution II to each of two 25-ml. glass-stoppered flasks labeled flask 
C and flask D. 

To flasks A and C add 1.0 ml. of ammonia buffer, 1.0 ml. of sodium acetate 
buffer, and 1.0 ml. of water. Cool the resulting solution to 20°C. and then add 
1.0 ml. of chlorimide reagent, shake for 10 sec., and exactly 60 sec. after the addi- 
tion of die chlorimide reagent, read the resulting absorbance in 1-cm. cells at 650 
mu versus a water blank. It is advisable to have die spectrophotometer prepared 
and set so that the reading of the absorbance can be made very rapidly because 
of the instability of the color produced. 

Repeat the preceding paragraph on flasks B and D except use 1.0 ml. of boric 
acid solution in place of the 1.0 ml. of water. 

Calculations.— 

A ;, so Flask A — .deso Flask B ^ _ j /xg. of py'ridxoine hydrochloride per 

^650 Flask C — /lc 5 o Flask D Imilliliter of “assay solution” 

VITAMIN B 12 

Cyanocobalamin, LLD Factor 


C 63 H 8 SC 0 N 14 O 14 P mol. wt. 1355.4 

Vitamin B 12 is found in significant quantities in liver, spleen, kidneys, and other 
animal organs. Certain microorganisms produce vitamin B 12 , and diis process is 
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used for the commercial production The existence of vitamin B 12 was discovered 
only recently, in 1948 18 

Vitamin B 12 occurs as dark red, hygroscopic crystals It absorbs about 12% ot 
water, and, as the hydrate, it is stable in air It is slowly decomposed by ultra 
violet, or by strong visible light The cyano group attached to cobalt can be ie 
placed by some other groups giving rise to compounds such as hydroxocobalatmn 
aquocobalamin nitritocobalamin, thiocyanatocobalamin, etc Other portions of 
the molecule are found altered in nature, and some of the best known of these are 
pseudovitamin B l2 Factor A, B, C etc 

One g is soluble in 80 ml of water it is soluble in ethanol and phenol, but is 
insoluble in acetone ether and chloroform On heating it darkens at 210'C but 
does not melt even at 300°C Its optical rotation is [o] || 6 = —59° (±9°) in water 

DETERMINATION OF VITAMIN B 12 

The most sensitive methods for the determination of vitamin B 12 are micro 
biological methods that depend on the stimulation of the growth of microorganisms 
by cyanocobalamin Several species of microorganisms are in use U S P XVI uses 
Lactobacillus Leichmannn (American type culture collection No 7830) 19 Some 
methods use Escherichia coh, B0 Euglena giacihs , 81 or Potenochromonas stipitata *’ 
A chemical assay for cyanocobalamin is based upon the liberation of the -CN 
group by photolysis or chemical reduction, and the released cyanide is determined 
colorimetrically 83 

Another method, the dicyanide assay, 84 is based upon the difference between the 
visible spectrum of cyanocobalamin and us purple dicyanide complex formed upon 
treating with an excess of cyanide 

SPECTROPHOTO METRIC METHOD 
A water solution ot vitamin R 13 shows absorption, maxima at 278 361, and 550 
m/i The ratio A 361 /A 278 is between 1 70 and 1 90, and the ratio A 36l /A 550 is be 
tween 3 15 and 3 40 In the U S P XVI method, the absorption at 361 mu of a 
30 /ig per milliliter solution in water is compared to cyanocobalamin reference 
standard at the same concentration A correction is made for the moisture of the 
sample This method can be used only for known pure cyanocobalamin, since 
other colored materials, many of the vitamin B 12 analogues, and hydrolysis or oxi 
dation products of vitamin B 12 , will interfere 

RADIOISOTOPE TRACER ASSAY 

USP XV, first supplement, used this assay, which included a selective extrac 
tion and absorption, and was very specific for cobalamms that are convertible to 
cyanocobalamin The present N F XI now includes this assay, and the one pre 
sented here is a modified official method The method can be used to measure 
cyanocobalamin in low potency materials Quantitative extraction of the cyanoco 
balamin is not necessary as long as some material in a pure form is extracted The 

is Rickes E Science, 107, 396, 1948 

is Shozo, M , Science, 107, 397, 1918 

so Davis. B , et al , J Bact , 60, 17 1950 

si Hunter, S , et al , Proc Soc Exp Biol Med , 70, 118, 1949 

84 Mucke, D , el al , Die Pharmazie 6, 305, I960 

83 Boxer, G , et al , Arch Biochem , 30, 372, 1951 

84 Rudkin, G , et al , Anal Chem , 24, 1155, 1952 
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fraction of the original cyanocobalamin recovered is determined by use of tracer 
cyanocobalamin containing Co 80 , and this recovery factor permits the calculation 
of the cyanocobalamin contained in the unpurified sample. The method presented 
is a general method, and for specific problem assays, the quantities of the various 
extraction solutions and reagents may have to be changed to accommodate the 
sample. The conditions of the assay should be adjusted so that die recovery of 
added Co 80 cobalamin will be at least 15%, and preferably 25% or more. 

Reagents. Cyanocobalamin Tracer Reagent.— Dilute an accurately measured 
volume of standardized radioactive cyanocobalamin with sufficient water, contain- 
ing 1% of benzyl alcohol, to yield a solution having a radioactivity approximately 
4000 to 6000 counts per minute per milliliter. Determine the radioactivity of this 
reagent by measurement of 1.0 ml. in a well-type scintillation counter. Store in a 
refrigerator. 

Standardization .— Prepare a solution in water, of a weighed quantity of U.S.P. 
cyanocobalamin reference standard to contain between 20 fig. and 40/xg. (prefer- 
ably 30 fig.) in each milliliter. To determine die degree of recovery of a known 
amount of cyanocobalamin, perform the entire assay on a 10-ml. portion of this 
solution, proceeding as directed under “Assay Preparation,” below, beginning with 
“Add water to make a measured volume. . . Calculate the recovery factor, F, 
by die formula (50 X A 361 )/(0.207 X E x R), in which R is the quantity, in micro- 
grams, of U.S.P. cyanocobalamin reference standard in die portion of the solution 
taken, and E is as defined below under “Calculation.” 

Cresol-Carbon Tetrachloride Solution.— Mix equal volumes of carbon tetrachlo- 
ride and freshly distilled cresol. 

Phosphate-Cyanide Solution.— Dissolve 100 mg. of potassium cyanide in 1000 ml. 
of a saturated solution of dibasic sodium phosphate, and mix well. 

Butanol-Benzalkonium Chloride Solution.— Mix I volume of a 12.8% solution 
of benzalkonium chloride with 9 volumes of n -butyl alcohol. 

Determination. Alumina-Resin Column.— Place a pledget of glass wool in the 
bottom of a constricted glass tube, such as a 50-ml. buret. With the tube held in 
an upright position, add a volume of a slurry of Amberlite IRA-401 in water, suffi- 
cient to give a column of settled resin 8 cm. in height. After the column has set- 
tled, with the aid of light tapping under 7 to 8 cm. of water, add a volume of a 
slurry of Amberlite MB-1 in water, sufficient to increase the height of the column 
an additional 7 cm. When the solid has settled somewhat, allow die water to drain 
so that there is only 1 cm. of liquid above the resin column, and tamp the resin 
lightly. Add a pledget of glass wool; dien add a volume of a slurry of alumina in 
water, sufficient to increase the height of the settled column to 18 cm., and allow 
the water to drain to about 1 cm. from die top of the alumina. Add a pledget of 
glass wool and wash the column, using a total of 50 ml. of water, again draining to 
within 1 cm. of the top of the column. Prepare a fresh column for each deter- 
mination. (Alumina is aluminum oxide, acid washed, reagent, chromatographic 
grade, having a pH of 3.0 to 5.0 in a 10 to 100 slurry.) 

Assay Preparation.— Transfer to a beaker a weighed quantity or measured vol- 
ume of the preparation to be assayed, equivalent in vitamin B 12 activity to that of 
about 300 fig. of cyanocobalamin. Add water to make a measured volume of not 
less than 50 ml.; then add 5.0 ml. of cyanocobalamin tracer reagent. Add, while 
working under a hood, 1 ml. of a 25% solution of sodium nitrite and 1 ml. of a' 
10% solution of potassium cyanide for each 50 ml. of resulting solution. Adjust 
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the solution to approximately pH 4 with diluted hydrochloric acid and heat on a 
steam bath for 15 mm Cool and adjust the pH to between 7 6 and 8 0 vnth sodium 
hydroxide (4 3 to 100) Centrifuge or filter to remove any undissolved solids This 
constitutes the assay solution 

Assay Procedure —Transter the assay solution prepared above to a 12oinl sepa 
rator and add 10 ml of cresol carbon tetrachloride solution Shake vigorously for 
2 to 5 mm and centrifuge Remove and save the lower solvent layer Repeat the 
extraction using a 5 ml portion of cresol carbon tetrachloride solution and com 
bine the lower solvent layer extracts in a separator of 12o ml capacity 

Wash the combined extracts with successive 10 ml portions of dilute sulfuric 
acid (1 in 7) until the last washing is practically colorless (2 washings usually suffice) 
During each washing shake for 2 to 5 min allow the layers to separate centrifuge 
if necessary and discard the acid layer Wash further with 2 successive 10 ml por 
tions of phosphate cyanide solution Finally wash with 10 ml of water Discard 
all of the washings 

To the washed extract add 30 ml of a mixture of 2 volumes of butanol benzal 
konium chloride solution and 1 volume of carbon tetrachloride Extract with 2 
successive 5 ml portions of water each time shaking vigorously for 1 min Cen 
tnfuge remove and save the upper aqueous layer 

Pass the combined aqueous extracts through the alumina resin column at a rate 
of about 1 ml per minute maintaining a 1 cm layer of liquid on the head of tl e 
column by adding water as needed Discard as much of the forerun as is color 
less (usually about 5 ml ) and collect the colored eluate usually about 10 ml in 
a 50 ml centrifuge tube or separator containing 0 5 ml of diluted acetic acid 
Extract the eluate by shaking for 2 to 5 mm with 5 ml of cresol carbon tetra 
chloride solution and discard the upper aqueous layer To the extract add 50 ml 
of water 5 ml of carbon tetrachloride and 10 ml of n butanol Shake allow to 
separate until the upper layer is clear and remove the upper aqueous layer 

Determine the absorbance of the aqueous extract at 361 mu and at 550 m/« in a 
spectrophotometer suitable for measurements in the ultraviolet region using a 
tungsten light source Make the 361 m/x reading using a filter capable of reducing 
stray light Calculate the ratio of A 3gl /A aM the purity of the aqueous extract is 
acceptable if the ratio is not less than 3 15 and not more than 3 40 If a ratio out 
side this range is observed purify the aqueous extract by repeating the extraction 
cycle proceeding as directed in the preceding paragraph beginning with Pass the 
combined aqueous extracts through the alumina resin column and using a 

fresh column 

If an acceptable absorbance ratio is observed in the aqueous extract transfer 10 
ml of it to a suitable counting tube Add 1 0 ml of cyanocobalamin tracer reagent 
to another counting tube 

Measure the radioactivity of the contents of each counting tube in a well type 
scintillation counter for 5 min Correct for observed background radioactivity de 
lermined over a 30 min period 

Calculation.— Calculate the efficiency E of the extraction process by the formula 
E = (C, — C b )/(C r — C b ) in which C t and C r are the average radioactivity counts 
per minute for the preparation under assay and the cyanocobalamin tracer reagent 
respectively and C b is the average count per minute of the background The to 
balamin content expressed in micrograms of cyanocobalamin of the portion taken 
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for assay, is given by the formula (50 X A 3 bi)/( 0 - 207 X E X F), in which F is the 
recovery factor calculated in the standardization of the cyanocobalamin tracer 
reagent. 


PANTOTHENIC ACID 

Vitamin B 5 

CH 3 

I 

HOHoC — C— CHOH— CO — NH— CH 2 — CH 2 — COOH 

I 

ch 3 

C 9 H 17 NO 5 mol. wt. 219.23 

Pantothenic acid is widely distributed in animal and plant worlds. Especially 
rich in pantothenic acid are liver and molasses. The naturally occurring dextro- 
rotatory form is the only one having biological activity. It is synthesized by many 
molds and microorganisms. 

Pantothenic Acid.— This acid is a colorless, viscous oil, quite unstable, and very 
hygroscopic. It is freely soluble in water, glacial acetic acid, and ethyl acetate, 
and slightly soluble in ether; it is insoluble in benzene and chloroform, [a] 

= +37.5° (water). It is sensitive to acids, alkalies, and heat. 

Sodium Pantothenate.— C 9 H 16 N0 5 Na, is in the form of very hygroscopic crystals 
that melt at about 123°C. 

Calcium Pantothenate.— (C 9 H 16 N0 5 ) 2 Ca, mol. wt. 476.55, is reasonably stable in 
air, and is, therefore, the form most used in pharmaceutical formulations. It is a 
white, slightly hygroscopic, odorless powder with an initial sweet taste, later turning 
bitter. It is very soluble in water, soluble in glycerol, slightly soluble in ethanol 
and acetone. A 5% aqueous solution has a pH of 7.5 to 8.0. It is most stable in 
slightly acid solutions. [a]jj = +28.2° (water). A deep blue color is produced if 
1 drop of 10% cupric sulfate is added to a sodium hydroxide solution of calcium 
pantothenate. 

Panthenol.— Pantothenic alcohol, C 9 H 19 N0 4 , mol. wt. 205.25, is usually more 
stable than salts of pantothenic acid in an optimum pH range of 3 to 5.0. It is a 
viscous liquid, freely soluble in water, methanol, and ethanol, slightly soluble in 
ether. [a]j,° = +29.5° (C = 5 in water). Colorimetric methods do not differentiate 
between racemic forms of pantothenates of which the levorotatory form is biologi- 
cally inactive. 

The method of E. Wollish 85 is based upon the formation of pantoyl lactone 
and beta - alanine after hydrolysis in acid medium. The lactone reacts with hy- 
droxylamine in the presence of alkali, forming a hydroxamic acid, which, in turn, 
produces a purple color in the presence of ferric chloride. 

Some of the methods are based upon the reaction of the 5e<a-alanine formed 
after the hydrolytic cleavage. 86 ' 87 

88 Wollish, E., el nl.. Anal. Chem., 22, 1033, 1950. 

86 Frost, D., Ind. Eng. Chem., Anal. Ed., 15, 306, 1943. 

87 Szalkowsky, C., Cereal Chem., 28, 218, 1951. 
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r COO— CHo— CHo— N + (CH,) 3 


(CH 2 ) 2 


2C1 mol. wt. 361 .22 


L COO — CH 2 — CH 2 — N+(CH 3 ) 3 J 


White crystalline, hygroscopic powder; very soluble in water, insoluble in ether. 
It melts between 160° and 164°C. 

Choline Bitartrate.-[(CH 3 ) 3 N + -CH 2 -CH 2 OH]HC 4 H 4 O c -, mol. wt. 253.26. 
White, crystalline, and hygroscopic powder with an acidic taste. Very soluble in 
water, slightly soluble in ethanol, insoluble in ether. 

Choline Dihydrogen Citrate.— [(CH 3 ) 3 N + -CH.,CH 2 0H]H 2 C G H r> 0-~, mol. wt. 
295.3. Colorless crystals, or white granular powder, hygroscopic, with an acidic 
taste. Very soluble in water, soluble in ethanol, very slightly soluble in ether. 

Precipitation of choline by ammonium reineckate is the basis of most methods 
used for choline, and this basic procedure has been modified by many work- 
ers. 88 ’ 89 ’ 90 ’ 91 Another preferred chemical method is a colorimetric periodide pro- 
cedure. 90 


DETERMINATION OF CHOLINE 

The methodology for all choline salts is the same as that outlined below; only 
calculations will differ with the differerent salts 

REINECKATE METHOD FOR PURE MATERIALS 

Accurately measure a sample equivalent to about 80 to 100 mg. of choline, and 
dissolve in 40 ml. of water. Add 10 ml. of a 3% filtered solution of freshly pre- 
pared ammonium reineckate to the sample, mix thoroughly, and allow to stand for 
40 min. in a refrigerator. Collect the precipitate in a tared, sintered glass filter of 
medium porosity, and wash the precipitate with three 5-ml. portions of ice cold 
water (some workers prefer to use very dilute ammonium reineckate or saturated 
choline reineckate solutions for washing purposes). The precipitate is then washed 
with two 2-ml. portions of ice cold n-propanol. The precipitate can then be dried 
at 105°C. for 1 hr. and weighed. The weight of the precipitate multiplied by 
0.3304 will convert the weight of the precipitate to choline chloride, by 0.5993 will 
convert to choline bitartrate, and by 0.6989 will convert to choline dihydrogen 
citrate. 

The precipitate can also be dissolved by passing three 5-ml. portions of acetone 
through the filter, and then diluting the acetone solutions to appropriate volumes, 
and reading the absorbance at 520 m^ in a suitable spectrophotometer versus ace- 
tone as a reference. When using the colorimetric modification, U.S.P. choline 
chloride reference standard should be used to establish a calibration curve. The 
reproducibility of the color formed is such that only occasional standardizations 
have to be made after the initial calibration curve is obtained. 

88 Engel, R., J. Biol. Chem., 144, 701, 1942. 

89 Kapfhammer, J., et al., Z. Physiol. Chem., 191, 179, 1930. 

" Thornton, M., et a!., Ind. Eng. Chem., Anal. Ed., 14, 39, 1942. 

91 lVillstaedt, H., et al., Z. Vitaminforsch., 18, 25, 1946. 
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REIXECKATE METHOD FOR COMPLEX MIXTURES 
A\D LIVER PREPARATIONS 

Heat 1 g of liver concentrate or samples equivalent to about 10 to lo mg. q£ 
choline with 15 ml of a saturated solution of barium hydroxide for 2 hr on a 
steam bath in a 50 ml beaker covered by a watch glass Neutralize the solution 
with glacial acetic acid and then add a saturated solution of trisodium phosphate 
while stirring until the sample is made strongl) basic Centrifuge the sample for 
about 15 min and transfer the supernatant solution quantitatively to a 2oinl 
volumetric flask Dilute to volume with water and mix thoroughly Transfer a 
10 ml aliquot to a test tube add 5 ml of freshly prepared and filtered ammonium 
reineckate solution (3 m 100) shake the mixture vigorously and allow to stand 
for 40 min in a refrigerator 

Collect and wash the precipitate as in the method for pure materials above 
The washed precipitate is dissolved in three 5 ml portions of acetone with the 
acetone solution being collected in a test tube placed over the stem of the funnel 
in the suction flask Transfer the acetone solution to a 2o ml volumetric flask 
add sufficient acetone rinsing the test tube to make the solution measure 2a ml 
and mix thoroughly 

Determine the absorbance of the acetone solution of the choline reineckate in 
1 cm cells using a suitable direct reading spectrophotometer set at 520 mp and 
using acetone as a reference solution Compare this absorbance with that of a 
USP choline chloride reference standard solution put through the procedure 
above 

METHOD FOR TISSC E LIJ ER HOMOGF\ATES ALD OTHER 
BIOLOGICAL SAMPLES 

A new method that appears to have many advantages over existing methods 
and should be worthy of further evaluation and possible adoption as a standard 
method is that of Ackerman and Chou 9 in which the simple is homogenized in 
0 15 M tns (hydroxymethyl) ammo methane hydrochloric acid buffer at pH 74 
The sample is then hydrolyzed in concentrated nitric acid for 2*6 hr After making 
the sample basic with sodium hydroxide the choline is precipitated with methanol c 
ammonium reineckate The precipitate is washed with n propanol and dried 
The dried precipitate is dissolved in concentrated ammonium hydroxide and then 
diluted with an equal volume of water and measured at 303 m/i The authors re 
port the method to be both sensitive and specific and able to measure all choline 
except that present as o phosphocholine \ enfication of the method was made 
using choline methyl C 14 bromide Thirteen replicates of a single homogenate 
assaying 133 8 /*g per milliliter had a standard deviation of ±3 6 p% per milliliter 
using aliquots equivalent to 26 to 27 o /xg of choline 

PERIODIDE METHOD 

Many worVe’ES haae used the method ol Erickson el ol w lor the dtt.enaitia.Ufln 
of choline m blood tissues and other products In this method choline is pre- 
cipitated with iodine as the penodide the precipitate is separated and the perio* 
dide is decomposed and converted to lodate by bromine The lodate is titrate 

02 Ackerman C J and Chou May Anal Biochem 1, 337 1960 

93 Erickson B et al J Biol Chem 135, 671 1940 
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with sodium thiosulfate. It would appear that the method of Ackerman and Chou, 
because of its specificity and sensitivity, would be preferable to this method. 

BIOTIN 

Vitamin H Coenzyme R 

O 

II 

C 




HN 

i 

NH 

1 

1 

HC 

1 

— CH 

i 

| 

h 2 c 

1 

CH(CH 2 ) 4 COOH 


\ / 

s 

CioHieNsOgS mol. wt. 244.31 

Biotin was isolated from egg yolk in the form of the crystalline methyl ester. 
It is now believed to be present in minute amounts in every living cell. Other 
sources from which biotin has been isolated include liver, milk, and yeast. There 
are 2 known configurations of biotin, alpha- biotin, as found in egg yolk, and beta- 
biotin, as found in liver or milk. 

beta-Biotin is a white, crystalline compound, slightly soluble in water, moic 
soluble in hot water, dilute alkali, or alcohol, but insoluble in other common or- 
ganic solvents. M.p. 232° to 233°C. [a] = +91° (C = 1 in 0.1 N sodium hy- 
droxide). It is relatively stable even in solution. 

The methyl ester of biotin is a crystalline compound with a m.p. of 16C°C. It 
is slightly soluble in water, soluble 1 in 100 in methanol, and soluble in acetone, 
ketones, benzene, etc., but insoluble in saturated or paraffin hydrocarbons, [aj [* 
= +82° (7.5 mg. in 1.28 g. methanol). 

DETERMINATION OF BIOTIN 

There are no chemical methods known to be satisfactory. Biotin can be deter- 
mined microbiologically using Lactobacillus Caset .° 4 * * It can also be determined 
by use of L. arabniosus. o:, - on L. arabmosus can be used in a medium composed 
only of tryptophane and cystine plus vitamins and minerals. 

Biotin can also be determined by the turbidimetric measurement of yeast 
growth. 07 The addition of a biotin-free casein hydrolysate 08 to the test medium 
increases the specificity of the test. The results are compared to a standard curve 
obtained with crystalline biotin in dilutions ranging from 1 X 10— 4 to 5 X 10 -4 
/jg. per tube. 

04 Roberts, E. C., el al., J. Biol. Chcm., 163, 499, 1946. 

08 Hodson, A. Z., J. Biol. Chem., 157, 383, 1945. 

00 Wright, L. D., Proc. Soc. Exp. Biol. Med., 56, 95, 1944. 

07 Snell, E. E., et al., J. Am. Chem. Soc., 62, 175, 19 10. 

Hertz, R., Proc. Soc. Exp. Biol. Med., 52, 15, 1943. 
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INOSITOL 

meso Inositol, Hcxah)droxy cyclohexane 


OH OH 



H OH 


C«HrO« mo1 "1 18016 

Inositol a cyclic hexa alcohol is wulcl) distributed in nature m both the amraal 
md plant worlds It is a constituent of the enz>me phytase 
Inositol is i white crysiilline poiulei it Jus a sweet taste and is optically in 
actne It is soluble in w iter slightl) soluble in ethanol and insoluble in ether 
It melts between 221® md 227®l ( uihydrous) 

DETERMINATION OF INOSITOL 
GRAll\tlTRIC METHOD 

For the pure substance N F \1 uses a gravimetric procedure weighing the formed 
inositol hc\i ace tut 

\ sample of ibout 200 mg is iccurately weighed and transferred to a 2a0ml 
hciker and 5 ml of i mixture of 1 part diluted sulfuric acid (1 in 20) and jO parts 
uetic anhvdride au added to the sample The beaker is cos creel md the contents 
ire he tied on i ste un bith foi 20 nun The simple is removed from the steam 
bach cooled in in ice bith and c irefull) diluted with 100 ml of water Tit 
diluted sample is then boded for ibout 20 nun dlowed to cool and transferred 
quanta itivclv to a 2 j0 ml scpiratoty funnel The solution is extracted with 3A- 
*•> 20 1> 10 and 10 ml portions ot chloio form rinsing the original beaker \ uli 
die ehtoioform be foie eicll of the first 3 extractions The extracts arc collected 
m mother 2j0 ml separator) funnel and washed with 10 nil of w iter The 
w tslitel extract is filtered through cotton into a suitable larccl flask and the sepi 
ritoi md cotton lie rinsed with idditiond chloroform The chloroform estnet 
is e\ iporited to divness on i ste im bath md dried at I05°C for I hr The ascight 
of the inositol hex i acetate obt lined multiplied b) 0 41G7 is equivalent to the 
miouut of inositol in the s tmplc used for issa) 

OTHIR M TTHODS 

There ire several other methods 0 '* 100 of anal)sis for inositol The method of 
Flat and Clock 101 is prcfeiable oecause of certain improvements in the scparaiion 
of inositol from the simple In this method inositol is oxidized with periodic act 
and the excess periodic acid is determined todometncally The method includes 

"Winter L B Biochcm J 34,219 1910 

ioo \\ oolc) D J Biol Chcm 140,453 1910 

• i Platt B and Glock G Biochcm ] 37, 709 194$ 
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an ion-exchange purification and a differential oxidation of inositol and of glycerol, 
which are usually present together. This method is designed for tissues and certain 
other biological samples. 


FOLIC ACID 



H 2 N x N N 

Y 

Ys - 

N 

OH 

Ci 9 H»NtO # 


Pteroylglutamic Acid, PGA 


CONH— CH— CH 2 — CH 2 — COOH 
COOH 

mol. \vt. 441.4 


In nature there are a large number of giowth factors containing pteridine or its 
derivative, pteroic acid. Folic acid is a conjugate of pteroic and glutamic acids. 
Especially rich in folic acid are liver, kidney, yeast, mushrooms, etc. 

Folic acid exists as a yellowish orange, microcrystalline, odorless powder. One g. 
is soluble in 5000 ml. of boiling water, nearly insoluble in cold water. It is soluble 
in solutions of alkali hydroxides and carbonates, as well as in mineral acids. It is 
insoluble in acetone, ether, chloroform, and benzene. It chars at about 250°C. 
(no melting point). 

The ratio A.,- 6 /A 3(i - of a 1 in 6000 solution in 0.1 N NaOH is between 2.80 and 
3.00. [q]$ = +23° (0.5% solution in 0.1 N NaOH). 


DETERMINATION OF FOLIC ACID 


COLORIMETRIC METHOD 

Schiaffino ct al. 10 ~ have proposed a method based on the work of Allfrey et al., 103 
in which the folic acid is oxidized in alkaline medium to pteridine and />a mi no- 
benzoic acid. The p-aminobenzoic acid is determined by the regular Bratton- 
Marshall method, 104 or the final colored product is extracted with isobutyl alcohol, 
and then measured colorimetrically. This procedure has been used both for pure 
folic acid and for folic acid in many pharmaceutical formulations, even those con- 
taining liver fraction and vitamin B r> . The work of Schiaffino has been the source 
of the method now official in the U.S.P. XVI. 

Apparatus. Spectrophotometer.— Any suitable cliiect reading spectrophotometer 
equipped with 1-cm. matched I’} rex or corex cells. 

Reagents. Potassium Phosphate Solution.— Dissoh e 30 g. of reagent grade an- 
il) drous K 2 HP0 4 in sufficient water to make 1 liter. 

Potassium Permanganate Solution.— Dissolve 20 g. of reagent grade KMn0 4 in 
water to make 500 ml. Each day before use, dilute 10 ml. of this solution to 100 
ml. with water. 

Sodium Nitrite Solution.— Dissolve 2.0 g. of reagent grade sodium nitrite in 
water to make 100 ml. Store this solution in a refrigerator. 

><>-’ Schiaffino, S. S., et a!.. J.A.Ph.A., 48, 230. 1959. 

'" 3 A 11 fie), V., et «/., J. Biol. Chem.. 178, 105, 1949. 

i" 4 Biatton, A., and Maishall. E.. f. Biol. Clicm.. 128, 537, 1939. 
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Ammonium Sulfamate Solution —Dissolve 5 g ol reagent grade ammonium sulfa 
mate in water to make 100 ml Store in a refrigerator 
Coupling Reagent -Dissolve 100 mg of reagent grade N (I naphthyl) ethylene 
diamine di hydrochloride m water to make 100 ml Store m a refrigerator 
Folic Acid Stock Solution —Weigh accurately in a dry atmosphere 50 mg 0 f 
U S P folic acid reference standard that has been dried to constant weight °over 
P 2 O 0 Dissolve the standard m about oO ml of dilute ammonium hydroxide (2 in 
100) and dilute to 100 ml with the dilute ammonium hydroxide Preserve the 
stock solution by adding a few drops of toluene and store in a refrigerator 
Folic Acid Standard Solution —Dilute 2 0 ml of the stock solution with potassium 
phosphate solution to make 100 ml Prepare this solution fresh for each days use 
This solution contains 10 g of folic acid per milliliter 
Procedure— Transfer a measured quantity of the sample to a flask and add 
potassium phosphate solution so that each milliliter of solution shall contain no 
more than 0 1 mg of folic acid per milliliter Heat the sample to 50° to 60 C 
with mixing to aid solution The sample may have to be finely ground prior to 
assay if it is not readily soluble under the above conditions Cool the solution to 
room temperature and dilute to a specific volume Make any necessary dilutions 
with the potassium phosphate solution so the final assay solution will contain an 
estimated 5 ng of folic acid per milliliter 
Duplicate determinations are made in 10 ml volumetric flasks under each of the 
following conditions to a 10 ml volumetric flask labeled A add 2 0 ml of the 
assay solution and 2 ml of potassium phosphate solution to flask B add 2 ml of 
assay solution 1 ml of the standard solution and 1 ml of potassium phosphate 
solution to flask C add 2 0 ml of assay solution and 2 ml of potassium phosphate 
solution to flasks A and B add 1 ml of potassium permanganate solution m x 
and allow to stand for 3 mtn to flask C add l ml of water 
To all flasks add 1 ml of sodium nitrite solution and 1 ml of 5 A HC1 solution 
mix well and allow to stand for 2 min Add to each flask 1 ml of ammonium 
sulfamate solution and mix thoroughly until all bubbles of N0 o are completely 
dispelled from the solution Then to each flask add 1 ml of the coupling reage t 
and dilute to 10 ml with water Mix thoroughly and allow to stand for 10 nun 
For samples that do not contain any extraneous color other than that of the 
Bratton Marshall color the absorbance is determined at 550 mp in 1 cm cells versus 
water as reference 

For samples that contain extraneous color such as liver preparations etc the 
final color is extracted into 10 ml of isobutyl alcohol by shaking the mixture for 
2 to 3 mm The mixture is centrifuged the dear supernatant isobutyl akolol 
layer is placed in a 1 cm cell and the absorbance is determined at 550 m/t versus 
an isobutyl alcohol reference The extraction and measurement of the color should 
be performed within 25 min after the addition of the coupling reagent 
Calculations — 


absorbance solution A — absorbance solution C 
absorbance solution B — absorbance solution A 


xf 


= micrograms of folic acid per millilher of assay solution 

Note— T he folic acid can be reduced in acid solution by use of either zinc dust or z 
zinc mercury amalgam Many laboratories still prefer this method and use it in place oi 
the more recent method Some laboratories also have had difficulty with the butanol ex 
traction of the Bratton Marshall color and have varied the method to include more in 
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one butanol extraction and subsequent dilution of the butanol extract to a definite volume. 
In this case, it may be necessary to increase volume of sample and reagents so that the 
proper concentration relationship between sample and butanol extract is maintained. 

POLAROGRAPHIC ASSAY 

Folic acid can also be estimated polarographically, except in the presence of 
iron. 105 In the presence of 1% tetramethyl ammonium hydroxide, it has a half 
wave potential versus S.C.E. of 0.98 v. Using cadmium as an internal standard, 
the authors report an error of only ±2%. 

FLUOROMETRIC ASSAY 

Allfrey el at . 103 have proposed a fluorometric assay based on the fluorescent in- 
crement before and after oxidation with permanganate. To add specificity, the 
oxidation product can be chromatographed on florisil, and the eluate can be meas- 
ured for fluorescence in acid and base as a measure of folic acid. If there are still 
interferences, the eluate from the florisil column can be treated with magnasol, 
which adsorbs the folic acid oxidation product, and then the oxidation product 
is eluted from the magnasol, and the fluorescence is determined again in acid and 
base. This appears to be a rather promising method, worthy of further applica- 
tion. It has been used for natural products, but has not yet been applied to tissues. 

p-AMINOBENZOIC ACID 

4-Aminobenzoic Acid, PABA 
COOH 



NH 2 


C 7 H 7 NO 2 mol. wt. 137.13 

/j-Aminobenzoic acid and its esters are widely distributed in natuie, and are con- 
sidered a growth factor for many bacteria. p-Aminobenzoic acid occurs as a white 
odorless crystalline powder (monoclinic prisms from ethanol), gradually darkening 
on exposute to air and light. One g. dissolves in 180 ml. of water, and in 9 ml. 
of boiling water. One g. of p-aminobenzoic acid is also soluble in 8 ml. of ethanol, 
and is less soluble in ether. M.p. is 186° to I88°C. E}^ = 1070 in water at 

266 m/i. 

DETERMINATION OF /t-AMINOBENZOIC ACID 

TITRATION METHOD 

p-Aminobenzoic acid, like related sulfaniiamides and other aromatic primary 
amines, can be determined by reaction with nitrous acid to form a diazonium salt 
(diazotization). 100 - 107 . 108 

105 Mader, W. J,, and Fredfani, H. A., Anal. Chem., 12, 1199, 1918. 

toe Eckert, H., J. Biol. Chem., 148, 197, 1943. 

107 Marshall, E., Science, 88, 85, 1938. 

ms Ting, K„ et al., J. Lab. Clin. Med., 34, 822, 1949. 
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Procedure - A sample, equivalent to about 300 mg of p aminobenzoic acid u 
accurately weighed and dissolved by stirring with a mixture of 5 ml of concentrated 
hydrochloric acid and 50 ml of water The solution is cooled to room temperature 
20 to 30 g of crushed ice are added and the solution is slowly titrated with 01 JU 
sodium nitrite The end point is indicated by the production of a blue color if 
a drop of the solution is placed on a strip of starch iodide paper The end of the 
titration is indicated only after the titrated solution has been allowed to stand for 
1 min and it still produces color with the starch iodide paper 

Each milliliter of 0 1 3/ sodium nitrite is equivalent to 13 714 mg of p ammo- 
ben zoic acid 


COLORIMETRIC METHOD 

The p aminobenzoic acid content can also be determined in lower potency mate 
rials as well as blood by the Bratton Marshall method as described under Folic 
Acid p 2381 above The reference standard in this case should be /Jammoben 
zoic acid and a direct comparison is made 

COLORIMETRIC METHOD FOR URINE SAMPLES 
Diazotized thiamme forms a color with p aminobenzoic acid In the work of 
hirth 109 the use of this reagent is discussed for the determination of p aminobenzoic 
acid in both its free and conjugated forms 
Procedure —Dilute about 3 ml of urine to 20 ml with water Add 0 3 ml of 
glacial acetic acid and 0 1 A r iodine until a brown color persists then add several 
drops ol 1% sodium bisulfite solution The pH ol the mixture should he about 
2 9 Add 5 ml of a solution made by mixing equal parts of 0 2% aqueous thiamine 
chloride with a 2% solution of sodium nitrite Bring the pH to about 11 to 12 by 
the addition of 1 A sodium hydroxide and then add exactly 5 ml of isoamyl 
alcohol By the addition of about 0 5 ml of 35% acetic add adjust the pH to 
about 5 5 and shake thoroughly Separate dry the isoamyl alcohol layer and 
read m a suitable spectrophotometer at about 500 mu This is compared to a 
standard of p aminobenzoic acid that has been treated in the same manner as the 
sample 


ASCORBIC ACID 

Vitamin C, L-Ascorbvc Acid, Antiscorbutic Vitamin 


O =c- 

I 

HO— C 

I! 

HO— C 

1 

H— C- 

I 

HO— C — H 

I 

CH 2 OH 

c 6 h 8 o 6 

109 Kirch E eta , J Biol Chem 148,445 1943 
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Ascorbic acid is widely distributed in plant and animal tissues. The most impor- 
tant sources of this vitamin are citrus fruits, tomatoes, ripe berries, potatoes, and 
many other vegetables. 

Ascorbic acid is in the form of a white crystalline powder that darkens gradually 
on exposure to light. As a dry material it is reasonably stable in air. It has a 
pleasant acid taste. Ascorbic acid melts at 191 °C. (decomposition), and has a 
[“Id = +20.5° to +21.5° (water) and [a]g = +48° (methanol). One g. dissolves 
in 3 ml. of water, and in about 30 ml. of ethanol. It is soluble in propylene glycol 
and glycerol, insoluble in ether, chloroform, and benzene. A 2% solution in water 
has a pH of 2.4 to 2.8. It exhibits an absorption maximum at 245 raft. A solution 
of ascorbic acid reduces Fehling reagent, or silver nitrate solution, and decolorizes 
many dyes such as 2,6-dichlorophenol-indophenol. 

One of the most important chemical properties of ascorbic acid is its ability to 
be easily oxidized to dehydroascorbic acid, C 6 H 6 0 6 , a neutral lactone, which is a 
reversibly oxidized form of ascorbic acid. Both have the same antiscorbutic activity. 
One U.S.P. or International unit of ascorbic acid is equivalent to 0.05 mg. 

DETERMINATION OF VITAMIN C 

IODINE TITRATION 

The pure substance can be titrated with 0.1 N iodine in acid medium. A sample 
of about 300 mg. of ascorbic acid, accurately weighed, is dissolved in a mixture 
of 80 ml. of water and 20 ml. of diluted sulfuric acid. The solution is titrated 
with 0.1 N iodine, using 1 ml. of starch indicator, which is added near the end 
point of the titration. Each milliliter of 0.1 N iodine is equivalent to 8.806 mg. 
of ascorbic acid. 


POTASSIUM IODATE TITRATION 

Relatively pure ascorbic acid can also be determined by titration with potassium 
iodate. Accurately weigh 150 to 200 mg. of ascorbic acid, and dissolve it in 10 ml. 
of water in a 250-ml., glass-stoppered Erlenmeyer flask. After addition of about 
50 ml. of concentrated hydrochloric acid, the mixture is cooled to room tempera- 
ture, and 45 ml. of 0.01 M potassium iodate is added from a buret. The mixture 
is again cooled to room temperature, 5 ml. of chloroform are added, and the mix- 
ture is shaken vigorously. The titration is continued, with continuous shaking of 
the flask, until the violet color in the chloroform layer completely disappears. Each 
milliliter of 0.01 M potassium iodate should be considered as equivalent to 3.523 
mg. of ascorbic acid. 


2,6-DICHLOROPHENOL-INDOPHENOL METHOD 
This is probably the best known and most widely used method for the determina- 
tion of ascorbic acid. Generally tire method is reliable and can be used, but some 
knowledge of the possible interferences is essential. Any substance having a reduc- 
ing potential lower than the dye would be a possible interference. Such substances 
would include tannins, phenols, reductones, reductone-like substances, cysteine, 
glutathione, and ferrous, cuprous, or stannous ion. Reduction of the dye by small 
amounts of many of the above can be prevented by the use of 8% acetic acid in 
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the extraction solution Various authors 110 ,11 > 112 113 ' 1U have used other means 
of removing interferences 

Reagents. Extracting Solution —Dissolve 15 g of metaphosphonc acid and 40 ml 
of glacial acetic acid in sufficient water to make 500 ml Store in a cool place This 
solution must be used within 2 days after it is prepared 
Standard Dichlorophenol Indophenol Solution —To 50 mg. of 2,6 dichlorophenol 
indophenol sodium, which has been stored in a desiccator o\er soda lime add 50 
ml of water containing 42 mg of sodium bicarbonate, shake vigorously, and when 
the dye is dissolved, dilute to 200 ml with water Filter through a No 588 
(S 8. S) filter paper or its equivalent, into an tmber, glass stoppered bottle 
Standardize the dichlorophenol indophenol solution as follows accurately wei»h 
100 mg of U S P ascorbic acid reference standard, transfer it to a 100 ml, glass 
stoppered volumetric flask, with the aid of sufficient extracting solution to make 
100 ml at room temperature Immediately transfer 2 ml of the ascorbic acid 
solution to a 50 ml Erlenmeyer flask containing 5 ml of the extracting solution 
and titrate rapidly with the dichlorophenol indophenol solution until a distinct 
rose pink color persists for at least 5 sec Prepare a blank titration by titrating 7 ml 
of the extracting solution plus a volume of water equal to the volume of the di 
chlorophenol indophenol solution used in titrating the ascorbic acid solution The 
concentration of the standard solution is expressed in terms of its equivalent in 
milligrams of ascorbic acid 

Assay Procedure .— Dissolve an amount of the sample in a sufficient amount of 
extracting solution so that each milliliter of solution should contain an estimated 
I mg of ascorbic acid Transfer a 2 ml aliquot to a 50 ml Erlenmeyer flask add 
5 ml of the extracting solution, and titrate with the standard dichlorophenol 
indophenol solution until a rose pink color persists for at least 5 sec For highly 
colored samples it may be helpful to dilute another aliquot of the sample with 
water to approximately the final titrated volume, and use this as a comparison 
solution to detect more easily the end point color change Prepare a blank titra 
non by titrating 6 ml of the extracting solution plus a volume of water equal to 
the standard dichlorophenol indophenol solution used in the above titration From 
the ascorbic acid equivalent of the standard dichlorophenol indophenol solution 
determine the ascorbic acid content of the assay solution, and account for any 
dilutions made during sample preparation 

Special Extraction Procedure— If ascorbic acid is present in low concentrations 
as in certain food products, the following special extraction procedure should be 
applied blend about 200 g of a representative sample with an equal amount of 
the extracting solution, so that a homogeneous slurry is obtained about 20 g (or 
a suitable quantity to give a final concentration of about 20 pg per milliliter) of 
such a slurry should be weighed into a 100 ml volumetric flask, and made up to 
volume using the extracting solution the sample should be filtered or centnfuged 
the determination of ascorbic acid can be made by titration with a standardized 
2 6 dichlorophenol indophenol solution, as above, or by a photometric modification 
of the method as described by Bessey 115 and many other workers 

no Gero, E , J Physiol et Path Gfri , 40, 223, 1948 

111 Grettie, D P , and King C G , J Biol Chem , 84, 771, 1929 

ns Jenkins G N et«/,Proc Nutr Soc 3,124,1945 

ns King, C G , Physiol Rev 16, 238, 1936 

m Lugg J IV H , Natuie 150, 577, 1942 

us Bessey, O A,J Biol Chem 126,771 1938 
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2,4 -DIN 1 TR OPHEN YLHYDRA ZINE METHOD 
This is another useful and widely used method. It was first described by J. Roe 
et al., 110,117 an d uses a metaphosphoric acid-acetic acid extraction of the sample. 
The sample is then reacted with 2% 2,4-dinitrophenylhydrazine in 9 N sulfuric acid. 
Various modifications of this method include several clean up steps. This method 
will measure total vitamin C, and has been used for the determination of vitamin C 
in blood by Lowry el ft/. 118 

METHOD FOR DETERMINATION OF ASCORBIC ACID IN BLOOD 
Farmer and Abt lln presented both a micro and a macro procedure based on the 
reaction of ascorbic acid with a standard solution of 2,6-dichlorophenol-indophenol. 

For the macro procedure, 2 ml. of plasma are pipetted into a 15-ml. centrifuge 
tube; 4 ml. of water, and 4 ml. of 5% metaphosphoric acid are added. The con- 
tents of the tube are thoroughly mixed and centrifuged; 2 ml. of the supernatant, 
deproteinized plasma is pipetted into a 10-ml. test tube and titrated with a stand- 
ardized 2,6-dichlorophenol-indophenol solution. 

The authors state that the plasma should be deproteinized immediately, and the 
titration can then be made even after 24 hr. 

METHOD FOR DETERMINATION OF ASCORBIC ACID IN URINE 
In the method by L. Harris et al., 120 the very fresh urine is titrated with a 
standard solution of 2,6-dichlorophenol-indophenol. If the urine cannot be titrated 
immediately, 10% by volume of glacial acetic acid should be added as a preservative. 
To an exact amount (10 ml.) of standardized 2,6-dichlorophenol-indophenol solu- 
tion, acetic acid is added until a red color appears. The urine is then titrated into 
the solution from a 5-ml. microburet until the end point is reached. 

When acetic acid is added as a preservative to urine, the necessary correction 
must be made in the calculation for the change in volume of the original sample. 

no Roe, J. H., and Kuether, C. A., J. Biol. Chem., 147, 399, 1943. 
in Roe, J. H., and Oesterling, M. J., J. Biol. Chem.. 152, 51 1, 1944. 
ns Lowry, O. H., et al., J. Biol. Chem., 160, 609, 1945. 
no Farmer, C., and Abt, A., Proc. Soc. Exper. Biol. Med., 34, 146, 1936. 

'-o Harris, L., and Ray, S„ The Lancet, 228, 71, 1935. 
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WATER ANALYSIS 

By Michael J Taras 

Department of Water Supply 
Detroit Mich 


THE PURPOSE OF CHEMICAL ANALYSIS 

A chemical analysts is performed on water to ascertain its physiological or tech 
nological acceptability 

Drinking Water— A water that meets U S Public Health Service standards for 
drinking water satisfies the requirements of physiological acceptability The 1961 
l S Public Health Service drinking water standards 1 presented m Table 481 
are set up in two types of limits a limit that should not be exceeded and a limit 
that is cause for rejection of the water The first limit indicates the level at which 
the water is likely to be objectionable to an appreciable number of people The 
second limit applies to such recognized toxicants as arsenic barium cadmium chro- 
mium (hexavalent) cyanide lead selenium and silver The upper limit for fluo 
nde is predicated on the mottling effect on teeth rather than for strictly toxicologi 
c tl reasons 

I \ater for Technological Applications —Of the huge amount of water required 
duly relatively little is consumed in drinking The greatest volume is diverted 
to irrigation cooling and general operations in industry and homes 

1 ible 48 2 summarizes the instances in which chemical determinations may be 
performed on a water sample In addition to appraising the public health and 
technological acceptability of a water determinations become desirable whenever 
a chemical is applied in the course of treatment The treatment may be as simple 
as chlorination or as involved as modern technology can devise The final manu 
factured product largely dictates the quality to which the given supply will be 
treated Only those treatments that will bring the harmful impurities to an mnocu 
ous level for the desired application are undertaken 

Enormous quantities of treated water are pressed into industrial service for cool 
mg purposes general plant functions operation of steam boilers and the direct 
manufacture of goods The self defining term cooling water identifies that flow 
that passes through condensers furnaces and engines The treatment of such 
water may vary from intermittent chlorination to thoroughgoing completeness 
depending on the local situation Water intended for drinking flushing and 
miscellaneous activities around the premises falls into the category of general pur 
pose water The effluent from the conventional filtration plant practicing coagu 
lation settling filtration and chlorination satisfies these requirements High 

1 Hopkins O C J Am Water Works Assn 53, 935 and 946 1961 
2388 
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Table 48-1. U. S. Public Health Service Drinking Water Standards (1961) 


Characteristics 

Limit Not to 

Be Exceeded 

Cause for 
Rejection 

Physical Characteristics 

Color 

15 units 


Taste 

Unobjectionable 


Threshold odor number 

3 


Turbidity 

5 units 


Chemical Characteristics 

mg. per l. 

mg. per l. 

Alkyl benzenesulfonate 

0.5 


Arsenic 

0.01 

0.05 

Barium 


1.0 

Cadmium 


0.01 

Carbon chloroform extract 

0.2 


Chloride 

250.0 


Chromium (hexavalent) 


0.05 

Copper 

1.0 


Cyanide 

0.01 

0.2 

Fluoride “ 

0.7-1 .2 

1. 4-2.4 

Iron 

0.3 


Lead 


0.05 

Manganese 

0.05 


Nitrate (as NO3) 

45.0 


Phenols 

0.001 


Selenium 


0.01 

Silver 


0.05 

Sulfate 

250.0 


Total solids (residue) 

500.0 


Zinc 

5.0 



° Variable, depending on the annual average of maximum daily air temperature. The 
maximum fluoride concentration applies to an air temperature of 50 °F., and the minimum 
fluoride concentration to the temperature range of 79.3° to 90.5°F. 

piessure boilers demand a pure water in the efficient production of steam for power 
generation, heating, and drying. Many boiler feed wateis are softened by the hot 
or cold lime-soda, lime-sodium cation exchange, or sodium or hydrogen cation 
exchange process. Since silica offers serious difficulties through the formation of 
scale in the high-pressure boiler, as well as on the turbine blades, additional meas- 
uies are adopted to minimize the SiCL concentration in the feed water. 

A special quality of water is often needed to successfully manufacture a product. 
Some process waters must be completely demineralized by cation and anion ex- 
changers (and in rarer instances, distilled to reduce both inorganic and organic 
contaminants) to be suitable for the particular application. In the food and 
beveiage industries, the finished water is often accoided a supplementary polish by 
tieatment with activated carbon to insure the removal of noxious tastes and odors. 
Wateis containing soluble iion and manganese cause a yellow oi reddish biown 
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Table 48-2 Determinations Performed for Ascertaining Water Quality 
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stain and deposit on contact with many objects. For this reason, an extra effort 
is made to remove these 2 substances from a water. 

Corrosiott Control.— The metallic construction of the pipes and equipment used 
to convey water and steam gives rise to the problem of corrosion. The gravity of 
the problem mounts with increasing heat and pressure. No simple remedy is 
available for combatting corrosion. At best, each solution is palliative, and appli- 
cable only to limited situations. Boiler feed water, for example, may be physically 
or chemically deaerated to reduce the corrosion rate in economizers, preheaters, 
and condensate return lines. Sodium sulfite or hydrazine is fed to boiler waters 
to consume chemically the residual oxygen. Raising the pH of the boiler feed 
water to the 9 to 11 range represents another common procedure. 

A number of compounds are prescribed for curtailing corrosion in steel and cast 
iron water systems. These compounds, embracing ammonia, neutralizing and 
filming amines, and polyphosphate, are intended to produce and maintain a thin, 
uniform, protective film at the metallic surface. Another class of compounds is 
designed to inhibit the embrittlement cracking of steel by controlling the chemical 
composition of boiler water. Nitrate, sulfate, chloride, tannin, lignin, and other 
organic compounds are supposed to accomplish this objective. Sodium silicate, in 
combination with NaOH, is a treatment contrived for corrosive natural waters of 
low hardness and partially or completely softened waters in municipalities, build- 
ings, and homes; but it is unsuitable for boiler feed waters. Chromate, silicate, 
polyphosphate, and such organic compounds as tannin and lignin are purported 
to develop thin protective films on the steel structures of circulating and aerated 
water systems. The deposition of a thin calcium carbonate film by regulation of 
the lime treatment at the municipal water plant is a method of controlling corro- 
sion in the public water mains. 

Sanitary Analysis .— Organic matter, ammonium compounds, albuminoid and 
Kjeldahl nitrogen, nitrite, and phosphate are recognized products of human or 
animal metabolism. Their presence in a water supply, and especially an abnormal 
rise over known background levels, may be considered evidence of sanitary pollu- 
tion. These increases must be evaluated with respect to the total picture, however, 
because some industrial wastes may also be culpable. 

When fewer cities and industries were situated along a water course, these 
chemical indicators, as well as chlorine demand and biochemical oxygen demand, 
had considerable significance. The growth of metropolitan areas and industrial 
complexes have tended to complicate the situation. The demarcation between sew- 
age and industrial pollution is becoming less clear cut with the passage of time. 
Accordingly, any change from the normal values of chloride, hardness, alkalinity, 
and other physical and chemical characteristics of a water supply may be the result 
of pollution from sanitary as well as industrial sources. 

SAMPLING OF WATER 

WATER SAMPLE 

The chemical components making up a water sample generally fall into 4 cate- 
gories: soluble minerals; dissolved gases; soluble organic compounds; and suspended 
materials. 

The list of soluble minerals is extensive, and likely to suffer serious omissions 
if a complete tabulation is attempted. However, most lists will embody the com- 
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mon cations calcium magnesium and sodium coupled with the anions bicarbonate 
sulfate and chloride 

The dissolved gases found m water supplies consist of air (oxygen and nitrogen) 
carbon dioxide hydrogen sulfide and methane Surface waters contain the largest 
amounts of dissolved oxygen and lesser concentrations of carbon dioxide and hydro- 
gen sulfide Methane carbon dioxide and hydrogen sulfide may occur in s -miR 
cant concentrations in ground waters 

The number of soluble organic materials in contempoiary water supplies is gro\ 
mg daily through industrial synthesis Among the common organics must be 
mentioned the broad group of nitrogen compounds represented by the albuminoid 
and kjeldahl nitrogens together with the organic compounds that exert both a 
chemical and a biochemical oxygen demand Other pollutants entering a water 
supply by way of sewage and industrial discharges are surfactants (synthetic deter 
gents) phenols lignin and tannin Many organic compounds can be adsorbed 01 
an activated carbon filter and extracted by chloroform and are collectively identi 
fieri as the carbon chloroform extract 


Despite an organic origin the color derived from the decaying vegetation of a 
swampy area exists largely in the form of colloidal suspensions and consequent!) 
falls into the class of suspended materials 

Natural water samples received in a laboratory for analysis often contain a sold 
phase in addition to the normal liquid phase The solid phase called turbid ty 
may range from a colloid il particle size to a coarse sand and be of inorganic or 
organic origin The inorganic constituents may consist of clay silt calcium car 
bonate silica hvdrated iron oxide alumina complex aluminosilicates and related 
minerals The organic fraction may be composed of microorganisms and finely 
divided vegetable or animal substances of various degrees of complexity The 
insoluble materials may find their way into a water supply as a result of prolonged 
ground contact surface run off or industrial discharges 

Removal of Suspended Matter from Sample —Since the ions forming the turbid ty 
are often the same as those dissolved in the water a separation of the sold and 
soluble phases is important for a reliable result Unfortunately no universally 
ideal method for turbidity removal is available Each of the several methods is 
beset with limitations or objections therefore considerable discretion is imperatve 
in selecting the proper method for a particular situation Among the approaches 
commonly applied are centrifugation coagul ition flocculation and filtrations 
Coagulation with zinc sulfate and sodium hydroxide is recommended in the 
ammonia nitrate and nitrite determination Flocculation with aluminum hy 
droxide suspension is described m the chloride nitrate and nitrite methods 
Obviously coagulation and flocculation can be extended to other determinations 
Filtration may be performed through papers of various textures and retentiveness 
through crucibles of suitable pore sizes and through cellulose acetate membrai es 
Centrifuging finds frequent employment but fails to match the efficiency of mem 


brane filters for the removal of fine particles 
Filtration with the aid of zinc and aluminum hydroxide suspension activated 
carbon filter paper pulp and diatomaceous earth should be attempted only after 
their applicability has been adequately demonstrated for the given sample The 
main objective in all instances is the avoidance of adsorptive losses and a come 
quen t influence on the trace metal composition of the sample Similarly filtratioi 
through crucibles should be undertiken only after contaminants from preiw“ 
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filtrations have been eliminated. Scrupulous care should be exercised with filter 
papers that may contain diverse adsorbed ions. 

Compensation of Color and Turbidity in Colorimetry.— The following measures 
are widely adopted in coping with small amounts of color and turbidity: (1) a 
parallel portion of the water sample is earned through the entire procedure except 
for the addition of the single color developing reagent. The solvent of the color 
developing reagent alone is substituted at the crucial stage. The photometer is 
then nulled with this sample blank; (2) the introduction of a reagent such as citric 
acid, which inhibits aluminum color development in the aluminon method, is an- 
other expedient that has proved beneficial; (3) bleaching the final developed color 
piovides still another means of compensating for the background color and turbid- 
ity. Examples of this approach are the decolorization of the yellow holoquinone 
color of residual chlorine and o-tolidine by means of mercaptosuccinic (thiomalic) 
acid, and the discharge of the permanganate color by hydrogen peroxide in the 
manganese determination. 



Fic. 48-1. Tube Arrangement in Block Comparator. 


Figure 48-1 illustrates the arrangement of tubes by which small amounts of color 
and turbidity can be compensated for in visual comparisons; 2 tubes are placed 
one behind the other in each viewing path of the block comparator. The tubes 5 1 
and S 2 hold the lower and higher color standards, respectively, while the tubes A, 
immediately behind, contain the untreated water sample. Similarly, aligned along- 
side for comparative purposes is another pair of tubes, the first, B, holding the 
developed sample, and immediately behind, a tube of distilled water, D. 

In the absence of color and turbidity, absorbance readings can frequently be 
made against a reference of a pure solvent or a reagent blank. The pure solvent 
may consist of distilled water, when colors are developed in aqueous solution, or 
the organic solvent that may be employed in extractions. The use of a pure solvent 
reference entails a deduction from the sample result equal to the reagent blank 
carried through the entire procedure. Such a correction is unnecessary when the 
photometric null is set with the reagent blank. 

Removal of Organic Matter Interference.— Occasionally samples contain interfer- 
ing amounts of color or organic matter that resist handling by conventional meas- 
ures. The organic matter must then be destroyed by wet-ashing as described in 
“General Procedure for Removal of Organic Matter Interference,” under “Cad- 
mium,” below, p. 2408, or by dry-ashing at temperatures not in excess of 700°C. A 
reagent blank should be carried through the identical procedural steps for correc- 
tion purposes. 


COLLECTION OF SAMPLES 

No set of instructions can possibly encompass all sampling conditions. Experi- 
ence and good judgment are indispensable in these situations. Representative 
samples can be insured by adequately flushing a service line until the water reaches 
a constant temperature, before collection is attempted. The same applies to wells; 
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prior pumping is desirable to obtain a sample that will reflect the mam body 0 [ 
water Surface waters may show wide variations in sample composition with respect 
to depth stream flow or linear cross section of the rner at which the collection is 
made A single grab sample should be taken near the center of flow and at mid 
depth if the sampling program is severely restricted for any reason 

River and well samples should be collected as frequently as necessary to detect 
significant quality fluctuations Local conditions and the purpose of the analys s 
will control the frequency and the number of diverse ions that will be determined 
at any treatment facility Some laboratories save labor and expense by compos tn« 
individual portions into a single sample for chemical analysis Two distinct systems 
of compositing may be practiced in the time weighted method separate portions 
are collected during those intervals when the water composition approximates the 
normal or average in the discharge weighted method the individual portions are 
combined in volumes that are proportional to the stream discharge at the time of 
sampling 

The collection of the sample is an important phase of the analysis Sensible 
collection techniques should be observed to guarantee a sample that presents a 
true picture of the stream well reservoir tank basin transmission mam or system 
that is being examined The bottle should be completely filled and the stopper 
replaced m such a manner as to entrain as little air as possible 

Needless to say the sooner the sample is analyzed the more reliable will be the 
result In certain instances an immediate determination in the field is advisable 
The determinations falling into this category are temperature pH residual chlorine 
and dissolved gases that mty be lost (oxygen carbon dioxide hydrogen sulfide and 
methane) or gained (oxvgen and carbon dioxide) in transit to the laboratory 

Samples Containing Dissolved Gases —Samples containing gases such as oxygen 
sulfide carbon dioxide and methane demand special precautions for their collec 
tion in order to avert aeration oxidation or volatilization 2 In such cases a glass 
or rubber tube is attached to the tap of a water line under pressure and the water 
is tonveved to the bottom of the sample bottle The water should be allowed to 
displice the atmosphere by a nonsplashing rise in the bottle After the water has 
overflowed the bottle to the extent of several times the container capacity sample 
preservation can be undertaken or the stopper replaced in a manner to avoid air 
entrainment 

Time Interval Between Collection and Analysis — The following changes can 
occur in a sample when the time between collection and analysis is prolonged 
Aluminum chromium copper lead and zinc may be lost through adsorption or 
ion exchange with the walls of a glass container Iron and manganese may precipi 
tate as a sediment or dissolve from the turbidity depending on the redox potential 
of the sample Sodium silica and boron may be leached out of a glass container 
Changes in the pH alkalinity carbon dioxide system can induce the precipitation 
of calcium carbonate thereby lowering the values for calcium and total hardness 
Oxidation can cause the loss of sulfide sulfite nitrite cyanide and ferrous ion 
Microbiological activity can change the nitrate nitrite ammonia balance decrease 
the phenol content and reduce sulfate to sulfide Color odor and turbidity may 
increase decrease or change in quality A complete list of such changes is impos- 
sible as each sampling situation bears its own peculiarities , 

Because of these considerations the physical and chemical analysis of pollute 

* Am Public Health Assn Am W ater Works Assn Water Pollution Control Fed 
Standard Veth ds for the Examination of Water and Wastewater 11th Ed 
I960 
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waters should be undertaken within 12 hr. of collection, of slightly polluted waters 
within 48 hr., and of unpolluted waters within 72 hr.- Samples that are trans- 
ported to a laboratory should, in most cases, be refrigerated and kept in the dark 
during shipment. Whenever an analysis must be postponed beyond the stated 
time limits, the sample may be pretreated or fixed to preserve a particular substance 
or related group of substances. The time of collection and the type of pretreatment 
should be recorded on the sample label. 

Samples containing interfering amounts of turbidity should be freed of this tur- 
bidity before preservation. The reason for this precaution is that the fixing agent 
may enter into reactions with the turbidity to increase or decrease the substance 
under test. For example, aluminum and iron may be increased by the action of 
acid on turbidity, while other heavy metals and iodine may be decreased by adsorp- 
tion on the suspended solids. A suitable coagulation procedure is described in 
“Reagents for Dissolved Sulfide,” under “Sulfide,” below, p. 2485. 

Procedures for Preserving Samples . 2 — The following treatments have proved effec- 
tive for sample preservation. 

Cyanide.— The reactivity and instability of cyanide can be diminished by raising 
the sample pH to 11.0 or higher with sodium hydroxide, and refrigerating until 
the analysis can be undertaken as soon as possible. 

Ferrous Ion.— The color due to ferrous ion must be developed in the field at 
the time of sample collection. Less than 50 ml. sample are collected in a 50-ml. 
bottle containing 10 ml. NH 4 C 2 H 3 0, buffer and 5 ml. 1,10-phenanthroline reagent, 
and the stopper is replaced until the solution volume can be measured and diluted 
to 50 or 100 ml., just prior to the final color measurement. 

Heavy Metals.— The sample should be freed of interfering sediment, transferred 
to a separate, clean bottle, and acidified with concentrated HC1 or HNO s to a pH 
of about 3.5, to minimize precipitation and adsorption on the walls of the con- 
tainer of Al, Cd, Cr, Cu, Fe, Pb, Mn, and Zn. 

Nitrogen Balance (Ammonia, Albuminoid and Kjeldahl Nitrogen, and Nitrate).— 
The addition of 0.8 ml. concentrated H 2 S0 4 to 1 liter of sample often preserves the 
N balance. The acid should be neutralized with NaOH or KOH immediately 
before the N determinations are undertaken. 

Dissolved Oxygen.— After the clear or clarified sample has been collected with a 
minimum of aeration in a 300-ml., Biochemical Oxygen Demand (B.O.D.) bottle, 
2 methods of preservation can be practiced on waters with little or no iodine 
demand. 

The preferred method is to introduce in quick succession 0.7 ml. concentrated 
H 2 S0 4 and 1 ml. NaN 3 solution (2 g. per 100 ml.) well below the liquid surface. 
The bottle is stoppered in a manner that avoids air-entrainment, mixed by inver- 
sion, and a water seal is applied to prevent the access of air. Such preservation is 
effective for 4 to 8 hr. at a temperature of 10° to 20°C. The determination is 
subsequently completed by the addition of 2 ml. MnS0 4 solution, 3 ml. alkali-iodide 
solution, and 2 ml. concentrated H.,S0 4 . 

An alternative method 3 is to add below the liquid surface in quick succession 
1 ml. KF solution, 2 ml. MnS0 4 solution, and 2 ml. alkaline-iodicle-azide reagent. 
The bottle is stoppered to avoid air-entrainment, and is mixed by inversion. After 
the precipitate has settled, the mixing and settling are repeated. Finally, 2 ml. 
concentrated H 2 S0 4 are run down the neck of the bottle, and the precipitate is 

s Rainwater, F. H., and Thatcher. L. L„ Methods of Collection and Analysis of Water 
Samples, U. S. Geological Survey Water Supply Paper 1454, I960. 
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dissolved by inverting the bottle The titration with standard 0 025 \ Na^ 0 
can be delayed 2 or 5 days if the sample is refrigerated and kept in the dark 1 
Phenols— The rapid biological destruction of phenolic bodies can be retarded 
by the addition of 1 g CuS0 4 sH O to 1 liter of sample 

Phosphate— Microbiological conversion of organic phosphorus to P0 4 can be 
slotted by adding a ml CHC1 3 to 1 liter of sample 
Sulfide —Sulfide simples can be preserted as long as 24 hr by precipitating ZnS 
along tilth Zn(OH)_ as a carrier In a 250 or 500 ml bottle is placed 1 mj 0 ! 11 
Zn(C_H 3 O i ) i solution and die sample is collected with a minimum of aeration 
and splashing to a tolume pretiously marked off on the bottle Immediately there 
after, 1 ml 1 \ NaOH is added and the solution is stirred for 1 to 2 min to 
coagulate the precipitate 

ORDER OF ANALYSIS IN LABORATORY 

The chemical determinations of unpreserved water samples transported to a dis 
tant laboratory should be undertaken in an order that accords priority to the most 
unstable constituents The delicate pH alkalinity carbon dioxide equilibrium de- 
mands that these components should be determined immediately after the bottle 
is opened Since calcium carbonate may precipitate through the loss of carbon 
dioxide from the opened sample calcium hardness and dissolved residue desene 
prompt attention The walls and bottom of the container should be examined 
closely for evidence of CaC0 3 deposition Any solid CaCO s can be dissolved by 
adding a small piece of commercial dry ice (COJ or mineral acid to the sample 
The specific conductance should be measured early for a valuable clue regarding 
the sample volumes that will be needed in subsequent determinations 

All the separate bottles containing such dissolved gases as CO> H_S CH 4 and 
dissolved oxygen as well as such reductants as ferrous nitrite and sulfite ions 
should be handled with dispatch in order to minimize losses due to standing and 
oxidation The preserved samples for phenols phosphate and the nitrogen bal 
ance should also receive swift action 

PREPARATION OF COMMON INCIDENTAL REAGENTS 

Some incidental reagents are administered with such frequency in water analysis 
that their preparation with distilled water is described here in order to conserve 
space m the following sections Unless otherwise indicated all reagents used m 
water analysis should meet or exceed American Chemical Society (ACS) specific 
lions 

Special Types of Distilled. Water —The following special types of distilled water 
are needed for diluting samples and preparing reagent solutions in water analysis 
Redistilled Water— This is distilled water that has been redistilled from an al 
borosihcate glass appararus, and then stored in a glass stoppered borosilicate con 
tamer 

Deionized Distilled Water—' To prepare pass distilled water through an efficient 
column of strongly acidic cation exchange resin in the hydrogen form an 3 
strongly basic anion exchange resin in the hydroxyl form 
Boiled Distilled Water —Prepare by boiling distilled water for 10 to 30 mm 10 
remove such dissolved gases as C0 2 and oxygen, and cooling to room temperature 
immediately before use 
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Acids.— Marty methods entail the use of the desk acids listed in Table 48 3 Tor 
this reason, the ready availability of this group of reagents is strongly recommended 


Table 48-3 Preparation of Acid Dilutions 


Acid 

Concentration 

Volume of Concentrated Acid Needed to Prepare 

1 Liter of Specified Solution 

Normality 

36-37% HCl, 
ml 

i 

96-98% B,SO h 
ml 

69-70% HNOs, 

mi 

18 

_ 

500 or (1+1)“ 


6 

500 or (1 + 1) <■ 

167 or (1 + 5) “ 

380 

1 

83 or (1 + 11) « 

28 

64 

0 1 

8 3 

i 2 8 

64 


“ The A + B system of specifying preparatory volumes means that A volumes of the con- 
centrated reagent are diluted with B volumes of distilled water to form the required solution 

Bases. Sodium Hydroxide Solutions.— All NaOH solutions should be prepaied 
from boiled, distilled water, and should be protected against contamination by tubes 
containing CO, absorbants 

The strongest solution, 15 N, is prepared by carefully dissolving 625 g NaOH in 
800 ml distilled water to form 1 liter of solution The Na,C0 3 can be removed 
by keeping the solution in a water bath at the boiling point for a few hours, or 
by allowing the solution to stand for a few days 

The following volumes of 15 N NaOH supernatant liquid must be diluted to 
form 1 liter of the indicated normalities 400 ml for 6 N, 67 ml for 1 N, and 6 7 
ml for 0 1 N 

Ammonium Hydroxide Solutions.— The following volumes of concentrated 
NH 4 OH, approximately 15 N, must be diluted to form 1 liter of the indicated 
normalities 200 ml for 3 N, and 13 ml for 0 2 A 7 

Oxidants and Rednctants. Potassium Permanganate Solution, 0 10 A r , 3 161 g 
pci 1000 ml 

Sodium Thiosulfate Solution, 0.10 A 7 .— This stock solution is prepared by dissolv- 
ing 24 819 g Na,S_,O s 5H,0 m freshly boiled distilled water, diluting to 1000 ml , 
and preserving with 5 ml CHC1 3 or 0 4 g NaOH 
Indicatoi s.— The commercial availability of the sodium salts of many indicators 
enables the easy pieparation of aqueous solutions of the required indicators 
Should the acid foim of the indicator be on hand, dissolution can be accomplished 
in 95% ethyl or isopiopyl alcohol, or the indicator can be triturated with the calcu 
lated volume of 0 05 N NaOH, and then diluted with distilled water 

Phenolplithalein Indicator Solution.— This is prepared by dissolving 05 g in 
50 ml 95% ethyl or isopropyl alcohol, adding 50 ml distilled water, and introduc- 
ing 0 02 A 7 NaOH drop by drop until a faint pink appears 
Methyl Oiange Indicatoi Solution, 0.05 g. pet 100 ml. 
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dissolved by imerting the bottle The titration with standard 0 025 A Na^ 0 
can be delayed 2 or 3 days if the sample is refrigerated and kept in the dark 4 
Phenols— The rapid biological destruction of phenolic bodies can be retarded 
by the addition of 1 g CuS0 4 5HoO to 1 liter of sample 

Phosphate— Microbiological comersion of organic phosphorus to P0 4 can be 
slots ed by adding 5 ml CHC1 3 to 1 liter of sample 
Sulfide —Sulfide samples can be preserved as long as 24 hr by precipitating ZnS 
along with Zn(OH) as a carrier In a 250 or 500 ml bottle is placed 1 ml 6 1 q 
Zn(C H 3 0 _)j solution and the sample is collected with a minimum of aeration 
and splashing to a \olume previously marked off on the bottle Immediately there 
after 1 ml 1 N NaOH is added and the solution is stirred for 1 to 2 row to 
coagulate the precipitate 

ORDER OF ANALYSIS IN LABORATORY 

The chemical determinations of unpreserved water samples transported to a dis 
tant laboratory should be undertaken in an order that accords priority to the most 
unstable constituents The delicate pH alkalinity carbon dioxide equilibrium tie 
mands that these components should be determined immediately after the bottle 
is opened Since calcium carbonate may precipitate through the loss of carbon 
dioxide from the opened sample calcium hardness and dissolved residue deserve 
prompt attention The walls and bottom of the container should be examined 
closely for evidence of CaCCk, deposition Any solid CaCO s can be dissolved by 
adding a small piece of commercial dry ice (CO ) or mineral acid to the sample 
The specific conductance should be measured early for a valuable clue regarding 
the sample volumes that will be needed in subsequent determinations 

All the separate bottles containing such dissolved gases as CO HjS CH 4 and 
dissolved oxygen as well as such reductants as ferrous nitrite and sulfite ions 
should be handled with dispatch m order to minimize losses due to standing ami 
oxidation The preserved samples for phenols phosphate and the nitrogen bal 
ance should also receive swift action 

PREPARATION Or COMMON INCIDENTAL REAGENTS 

Some incidental reagents are administered with such frequency in water analysis 
that their preparation with distilled water is described here in order to coi serve 
space in the following sections Unless otherwise indicated all reagents used in 
water analysis should meet or exceed American Chemical Society (ACS) specifica 
tions 

Special Types of Distilled Water —The following special types of distilled water 
are needed for diluting samples and preparing reagent solutions in water analysis 
Redistilled Water —This is distilled water that has been redistilled from an all 
borosilicate glass apparatus and then stored in a glass stoppered borosihcate coi 
tamer 

Deionized Distilled Water —To prepare pass distilled water through an efficient 
column of strongly acidic cation exchange resin in the hydrogen form and a 
strongly baste anion exchange resin m the hydroxyl form 

Boiled Distilled Water —Prepare by boiling distilled water for 10 to SO mm to 
remove such dissolved gases as C0 2 and oxygen and cooling to room temperature 
immediately before use 
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Methyl Ueil Indicator Solution, 0 1 g per 100 ml 

Starch Indicator Solution —A thin paste is formed by rubbing 0 5 g potato, arrow 
root or soluble starch and a few milliliters of distilled water with a stirrm<> rod 
While mixing the piste is poured into 100 ml of boiling, distilled water The 
denoted supernal mt liquid is preserved with any 1 of the following reagents 

0 13 g s hey lie acid 0 4 g ZnCl, or a combination of 0 4 g sodium propionate 
and 0 2 g NaN, 

Miscellaneous Solutions Sodium Bicarbonate pH 8 3 Color Standard —This 
stand ird is prepired immediately before use by dissohing 01 g m 100 ml boiled 
distilled writer The identical \olume of phenolphthalem indicator, as is specified 
for the given titration, is introduced into this color standard, and the solution is 
placed in the same size and type of white porcelain casserole or flask used for the 
titration of the water sample 

Aluminum Hydroxide Suspension —This is prepared by dissolving 125 g k„\l 
(S0 4 ) 4 21H_0 or (NH 4 )A1_(S0 4 ) 4 24H 2 0 in 1 liter of distilled water, warming 
to G0°C, and slowly adding 55 ml concentrated NH 4 OH with constant stirring 
The precipitate is allowed to settle for 1 hr , then it is transferred to a large bottle 
uul washed by the repeated addition, agitation, and decantation of distilled tv iter 
until the rinse water remains free from NH 3 , chloride, nitrate, and nitrite When 
freshly prepared, the Al(OH) 3 floe occupies a \olume of approximately 1 liter 
The suspension is stored in a borosilicate glass container, and dispensed after thor 
ougli shaking 

PHYSICAL AND CHEMICAL DETERMINATIONS 
ACIDITY * 

The term ' acidity ’ is applied to that group of constituents that can be titrated 
with a strong base The acidity titration can be conducted to the methyl onnge 
end point of pH 4 5 if mineral acids are present or to the phenolphthalem end 
point of pH 8 3 These end points represent the H 2 C0 3 and bicarbonate equn 
ulcmc points, respectively Boiling the sample accelerates the hydrolysis of acid 
mine drainage wastes containing iron and aluminum sulfates This step oier 
comes the fading phenolphthalem end point, which may occur when the titration 
is conducted at room temperature Where the instrumentation is available, the 
acidity cau be titrated potentiometrically Acidity results are reported in terms 
of GaCOj 

Minimal amounts of 0 I V Na J S J O a ate added to the sample to remove the 
residual chlorine that would otherwise impair the methyl -range color changes 

/frngenfs Boiled Distilled Water.— This should be used in the preparation of 
all solutions and dilutions 

Standard Sodium Hydroxide Titrant, 0 02 A T .— Dilute 20 0 ml 1 A' NaOH to 1 
liter with water Standardize against 0 0200 N potassium acid phthalate under 
exactly the same conditions (similar volumes of final solution, 0 1 N NJjS .Pa aiK J 
indicator solutions) as the titration of water samples Pipet a volume of standar 
phthalate solution that approximates either the average or median (whichever » 
applicable) acidity usually prevailing in the w T ater samples determined in I c 
particular laboratory. The equivalence of 0 0200 N NaOH is 1 00 mg CaC0 3 per 

1 00 ml 
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Reagents Boiled Distilled Water.— This should be used in the preparation of 
all solutions 

Standard Acid Titrant, 0 02 N —Dilute 200 ml 0 1 N HC1 or H^S0 4 to 1 htej 
with water Standardize against 0 0200 A’ Na 2 C0 3 under exactly the same condi 
nous (similar yolumes of final solution 0 1 A’ Na 2 S 2 0 3 and indicator solutions) 
under which the water samples are titrated Pipet a \olume of standard \i C0 3 
that approximates either the aserage or median (whicheser is applicable) alkalinity 
usually prt\ ailing in the water samples determined in the particular laboratory 
The equn alence of 0 0200 \ acid is 1 00 mg CaC0 3 per 1 00 ml 
Standard Sodium Carbonate Solution, 0 0200 iV.— Dissolse 1 060 g Aa_C0 3 
primary stmdard grade (dried at 140°C) and dilute to 1000 ml with water 
Mixed Bromcreso! Green Methyl Red Indicator Solution —Dissolse 0 02 g so- 
dium salt of meth)l red and 0 10 g sodium salt of bromcresol green m 100 ml 
water 

Plienolphthalem Indicator 
Methyl Orange Indicator 
Sodium Bicarbonate pH 8 3 Color Standard 
Sodium Thiosulfate, 0 1 A' 

Procedure —Select a sample yolume (preferabl) 50 or 100 ml) that avill require 
less than 25 ml titrant Pipet the sample into a white porcelain casserole or into 
i fl isk that is handled oser a white surface during the titration Remose an) free 
residual chlorine b) adding 0 05 ml (1 drop) of 0 1 A lSa 2 S_0 3 

Phcnnlphthalein Alkalinity — Add 0 1 ml (2 drops) of phenolphlhalein indicator 
to the simple and titrate with 0 02 A standard acid to the same color as that of 
the pH 8 3 NaHCO d color stmdard Record the buret reading and continue titrat 
mg the total alkalinity by eithei the mixed indicator or methyl orange method 
Total Alkalinity by Mixed Indicator Method 4 — Add 0 15 ml (3 drops) of mixed 
bromcresol green methyl red indicator to the yyater sample, and resume the ntra 
non with 0 02 \ standard acid to the following color changes light blue with 
liyender gray (pH all) for a total alkalinity up to 50 mg per liter of CaC0 3 light 
pink gray with bluish cast (pH 4 8) for a total alkalinity up to 150 mg per liter 
ot CaC0 3 and light pink (pH 4 6) for a total alkalinity up to 500 mg per liter 
ol CaC0 3 

Total Alkalinity by Methyl Orange Indicator Method— Add 0 1 ml (2 drops) 
of methyl orange indicator to die writer sample, and resume the tdration to the 
appearance ol a yery laint orange color 


Phenolphlhalein alkalinity as milligrams per liter of CaCOj 


A X A' X 50000 

milliliters of sample 


Total alkalinity as milligrams per liter of CaCOj 


BX NX 50000 

milliliters of sample 


yyhere A = milliliters of titration for sample required to reach the phencdphthalem end 
point, 

B = total milliliters of titration for sample (including the titrauon A) require to 
reach the mixed indicator or methyl orange end point, and 
N — normality of acid titrant 


* Cooper S S IitU Lug Clitm 


Vital td 13,466 1941 
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If desired, calculate the approximate bicarbonate, carbonate, and hydroxide con- 
centrations by the equations presented in Table 48-4. 5 

Table 48-4. Relationships Between Alkalinity Titrations and Bicarbonate, 
Carbonate, and Hydroxide Concentrations 


Titration 
Results ° 

Hydroxide 
as GaCOa 

Carbonate 
as CaCC >3 

Bicarbonate 
as CaC0 3 

P = 0 

0 

0 

T 

P < 2 T 

0 

2P 

T - 2P 

P = |T 

0 

2P 

0 

P > |T 

2P - T 

2(T - P) 

0 

P = T 

T 

0 

0 


*P = phenolphthalein alkalinity; T = total alkalinity. 

ALUMINUM 2 - 6 - 7 

Polyphosphates, like fluoride, cause low aluminum results, and may be volatilized 
by the same procedure as fluoride. Polyphosphates can also be eliminated by boil- 
ing a 50- to 100-mi. sample with 4 ml. 6 N H 2 S0 4 . The negative error contributed 
by sulfite levels in excess of 10 mg. per liter can be corrected by oxidation with 
3% H 2 0 2 . Residual chlorine concentrations above 0.5 mg. per liter should be 
reduced with Na 2 S 2 0 3 . In the presence of 1.0 mg. per liter oi Al, Ca concentrations 
yield a positive error progressing from 0.02 mg. per liter of Al at 2.4 mg. Ca, to 
0.1 mg. per liter of Al at 15 mg. Ca in the portion taken for analysis. 

Reagents. Standard Aluminum Solution.— Prepare the stock solution contain- 
ing 0.500 mg. Al per 1.00 ml. from the pure metal as described in (a), or from 
potassium alum as described in (b). (a) Dissolve 0.5000 g. Al in 10 ml. concentrated 
HC1 with gentle heat, cool to room temperature, and dilute to 1000 ml. with dis- 
tilled water, (b) Dissolve 8.792 g. K 2 A1 2 (S0 4 ) 4 -24H 2 0 in distilled water, and dilute 
to 1000 ml. (c) Dilute 10.00 ml. stock solution (a) or (b) to 1000 ml. with distilled 
water, to form a standard solution containing 0.005 mg. A! per 1.00 ml. Prepare 
the standard solution daily. 

Aluminon-Buffer Reagent.— Dissolve each of the following chemicals in separate 
100-ml. portions distilled water, and mix the resulting solutions in the order listed: 
133 g. ammonium acetate, 126 ml. concentrated HC1, 0.9 g. ammonium salt of 
aurin tricarboxylic acid, and 10 g. gum arabic (also called gum acacia). Dilute to 
1 liter with distilled water, mix, and allow to stand overnight. Filter through 
fine glass wool or under suction. Store in the dark to maintain stability up to 6 
months. The pH of the solution should be 3.8 to 4.0. 

Thioglycolic Acid Solution.— Dilute 1 ml. of thioglycolic acid (also called mer- 
captoacetic acid) to 100 ml. with distilled water. Prepare daily. 

5 Table reproduced with permission from Standard Methods for the Examination of 
Water and Wastewater, 11th Ed., The American Public Health Assn., Inc., New York, 
1960. 

° Packham, R. F., Proc. Soc. Water Treatment and Examination, 7, 102, 1958. 

1 Shull, K. E., J. Am. Water Works Assn., 52, 779, 1960. 
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Curie Vcid Monohydrate Solution 10 g per 100 ml 
p Nitroplienol Indicator Solution, 1 g per 100 ml 
Sulfuric Icid Concentrated 
Hydrochloric Vcid Concentrated 
Hydrochloric Acid 1 + 11 
Vmmonium Hydroxide 1+4 
Sodium Carbonate 

Procedure Preliminary Sample Treatment —Pipet 2 portions of the sampk. 
contuniu 0 less than 0 0a mg Al into 2a0ml flasks If necessary dilute to oO mL 
with distilled tsjttr Add 1 drop (0 0a ml) p nitroplienol indicator Discharge 
im resulting yelkm color by the dropywse addition of 1 + 11 HC1 If the sample 
rtniims colorless add 1 +4 NH 4 OH drop by drop to produce a faint yellow color 
then discharge the yelloys color ssith the dropwise addition of 1 + 11 HC1 When 
the sample contains color or turbidity concert the second portion into a sample 
blink In adding 1 ml citric acid solution 
Color Dec elopmcnt —Prepare a blank and a series of A1 standards m the range 
of 0 001 to OOaO and dilute y\ith distilled abater to 50 ml in 2j0ml flasks. 
Treat tht blink and standards exactly as the sample throughout the procedue 
Mimii„ iftcr each addition introduce 2 ml tluo ra lycolic acid solution and with a 
solumctrie pipet 10 ml duminon buffer reagent Immerse all flasks in a boilng 
u iter b ith lor exactly la min making certain that the liquid lee el in the flasks 
is completely submerged in the boiling ysater throughout the entire period After 
toohn n the flasks to the temperature range 20° to 2a°C transfer the contents to 
100 ml \olumciiic flasks or Nessler tubes and dilute to the mark yvitli (list lie I 
water Re id the absorbance at 52a mu in a cell of 1 cm length or longer or 
\isu illy m itch the colors in Nessler tubes Set the photometric null of each sample 
with the second portion that was treated with citric acid 

Elimination of ITuoride Interference —Pipet the sample into a platinum dish 
ind cv iporite to dryness on a steam or ysater bith Wet die entire residue s ith 
> ml ionium tltd H SO, and carefully take to dryness on a hot plate or a sand 
bull guarding a n ainst spattering Fuse the residue with 05g Na C0 3 and allow 
tic cikt to tool Extract first with 10 ml hot distilled water then with a ml 
(onccuti itu! HC1 applying gentle heat for a few minutes Finally add 10 ml 
distilled \s iter and wash the contents of the dish into a beaker Boil the solution 
for a ftw minutes to expel CO transfer to a 2a0 ml flask and complete tie 
determination beginning with Preliminary Sample Treatment abose Prepare 
a rugciU blank by dissoUmg 05 g Na C.0 3 m 40 ml distilled water and add 
j ml concentrated HC1 followed by 5 ml concentnted H 2 SO, for the purpose 
of applying the proper A1 correction 


Al milligrams per liter 


milligrams of Al X 1000 
milliliters of sample 


ARSENIC* 

The heteropoly blue colorimetric method is adaptable for precise and accurate 
determinations in the presence of antimony All glassware used in the heteropoh 
blue method howeser must be thoroughly cleansed with dilute HNO s and rinsed 
with distilled water to guard against high salues resulting from adsorbed SiO aid 
PO, contamination The Gutzett method on the other hand is suitable lor semi 
quantitatnc estimations ashen antimony is present in amounts below 010 mg 
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because SbH 3 and AsH g yield similar stains on HgBr 2 paper. Both methods 
require considerable practice for successful execution, and care should be exercised 
in the addition of reagent volumes. 

Reagents. Standard Arsenic Solution.— (a) Dissolve 0.1320 g. As 2 0 3 , dried at 
105°C., in a minimum volume (approximately 10 ml.) of 1 N NaOH. Neutralize 
with 1 N H 2 S0 4 , and dilute to 1000 ml. with distilled water. 

(b) Dilute 10.00 ml. stock solution to the mark of a 100-ml. volumetric flask with 
distilled water to form a standard solution containing 0.010 mg. As per 1.00 ml. 

Stannous Chloride Reagent.— Dissolve 40 g. SnCl 2 -2H 2 0 in 25 ml. concentrated 
HC1, and dilute to 100 ml. with distilled water. 

Potassium Iodide Solution, 15 g. per 100 ml.— Store in a brown bottle, and 
discard upon development of a decided yellow color. 

Sodium Hypobromite Solution.— Add 2 ml. bromine to 470 ml. distilled water in 
a brown, glass-stoppered bottle, then add 30 ml. 6 N NaOH, and immediately 
shake well until the bromine dissolves. 

Lead Acetate Solution.— Ten g. Pb(C 2 H 3 0 2 ) 2 -3H 2 0 per 100 ml. 

Zinc, 20 to 30 mesh. As-free. 

Roll of Dentist’s Cotton.— Cut into 25-mm. lengths. 

Nitric Acid, Concentrated. 

Sulfuric Acid, 1 + 1 . 

Reagents for Heteropoly Blue Colorimetric Method. Ammonium Molybdate 
Reagent.— (a) Add cautiously 310 ml. concentrated H 2 S0 4 to 400 ml. distilled 
water, (b) Dissolve 50 g. (NH 4 ) G Mo 7 0 24 -4H 2 0 in 200 ml. distilled water, (c) 
After solution (a) has cooled, add it to solution (b), and dilute to 1 liter. 

Hydrazine Sulfate Solution, 1.5 g. per 100 ml. 

Sulfuric Acid, 1 N. 

Reagents for Gutzeit Semiquantitative Method. Mercuric Bromide Paper.— For 
convenience, secure commercial arsenic strips cut into strips 2.5 mm. wide and 12 
to 18 cm. long. Immerse the strips for at least 1 hr. in a filtered solution prepared 
by dissolving 3 to 6 g. HgBr 2 in 95% ethyl or isopropyl alcohol. Dry the soaked 
strips by waving in the air. Sensitize the strips in this manner just prior to need, 
and store no longer than 2 hr. before use. 

Procedure— Select a sample volume containing 0.01 to 0.04 mg. As. In the case 
of a potable water meeting USPHS drinking water standards for As, add 7 ml. 
1 + 1 H 2 S0 4 and 5 ml. concentrated HNO a to a 1000-ml. sample, and evaporate to 
S0 3 fumes. To prevent As reduction and loss, maintain an excess of HNO s until 
the organic matter is destroyed, and do not allow the solution to darken from the 
decomposition of the organic matter. Add 25 ml. distilled water to the cooled 
concentrate, and again evaporate to SO s fumes to remove the oxides of nitrogen. 
Dilute the cooled concentrate to 25 ml. with distilled water. 

Impregnate one end of the 2.5-cm. length of cotton with Pb(C 2 H 3 0„)o solution, 
and insert in the glass guard column, B, as shown in Figs. 48-2 and 48-3. Continue 
the procedure from this point by the heteropoly blue colorimetric method or the 
Gutzeit semiquantitative method. 

Heteropoly Blue Colorimetric Method Finish.— Place glass beads of 2- to 3-mm. 
diameter size in the absorption tube (C in Fig. 48-2) to a height of 7.5 cm., and wet 
with 3 ml. NaOBr solution. 

Transfer the 25-ml. diluted concentrate to the Gutzeit generator (A in Fig. 48-2). 
Add 7 ml. 1 + 1 H 2 S0 4 and cool. Add 5 ml. KI solution, 4 drops (0.20 ml.) SnCl , 
reagent, and 2 to 5 g. Zn; and immediately connect the absorption tube with the 
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generator Immerse the generator in a water ball maintained at 20* to 25’C for 
l to l’fc In tt wh the contents of the ibsorption tube into a 25 ml matched 16- 
b\ 150 nun test tube with six 2 ml portions distilled water 
I'rcpirt. the following standards m mat died 16 by 150 mm test tubes 0 OOOj 



fi< 48 2 \pparatus for Meter fie 48 3 Apparatus for 

djioh Blue Colorimetric Method Gutrcit Semiquantitanic 

i Reproduced unh permission Method (Re produced 

fiom Si indarcl Methods for the with permission from 

f xammalum of Water and Standard Muhods for ihe 

Wastewater I Ids Ed The Examination of Water 

Mncrican Public Health \ssn and Wastewater llth Ed, 

Inc New \ ork I960) The American Public 

Health \ssn InC New 
\ ork I960) 

01)10 0 020 0 030 and 0 010 mg As \dd 3 ml NaOBr solution and dilute with 
distilled water to 15 ml Thereafter treat the blank and standards exactl) as tie 
simple throughout the remaining procedure 

Mixing alter cich addition introduce 5 ml 1 A H_SO< 1 00 ml (uihimciric 
pipct) immonium molybdate reagent nid I 0 ml N H.SO^ solution Diluie 
to 2j ml with distilkd water md mix Mter 1 hr usually match the dcs elope* 
color against temporary standards or read the absorbance at 820 m ft prefers y 
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or at 650 m/t in a spectrophotometer, or at 600 to 820 m/i in a filter photometer, 
using a cell of 1-cm. length or longer. 

Gutzeit Semiquantitative Method Finish.— Restore the dried narrow glass tube 
(C in Fig. 48-3) to its proper position, and introduce the HgBr 2 test paper, making 
certain that the paper strip is straight. 

Transfer the 25-ml. diluted concentrate to the Gutzeit generator (A in Fig. 48-3). 
Add 7 ml. 1 + 1 H 2 S0 4 and cool. Add 5 ml. KI solution, 4 drops (0.20 ml.) SnCl, 
reagent, and 2 to 5 g. Zn; and immediately replace the absorption tube over the 
generator. Immerse the generator in a water bath maintained at 20° to 25°C. for 
1)6 hr. Remove the paper strip, measure the lengths of the stains on both sides, 
and take the average of the 2 lengths. Estimate the As concentration from a cali- 
bration curve prepared by subjecting a reagent blank and standards to the same 
evolution procedure. Space the standards at 0.005-mg. intervals in the 0 to 0.030- 
mg. As range. Change the amount of 1 + 1 H 2 S0 4 to 14 ml. (instead of 7 ml.), 
however, in the 25-ml. volume of the blank and standards. 

milligrams of As X 1000 

As, milligrams per liter = —— 

milliliters of sample 

BORON 

The potentiometric method is recommended for waters of high boron content, 
where accuracy is important. It is also applicable in the B range of 0.10 to 5 mg. 
per liter, while the carmine method is suitable for the B range of 1 to 10 mg. per 
liter. Both methods can be extended beyond these limits by concentrating or 
diluting the original sample. 

Samples and reagents should be stored in polyethylene containers or alkali- 
resistant, boron-free glassware to minimize boron pick-up. 

POTENTIOMETRIC METHOD 2 - 8 

Phosphate concentrations over 10 mg. per liter and such weak ions as C0 3 , NH 4 
Fe, and Al, which may buffer the sample, interfere. Precautions should be taken 
during the titration against the pH drift possible by the absorption of acidic or 
alkaline fumes in the laboratory atmosphere. 

Reagents. Boiled Distilled Water.— This should be used in the preparation of 
all solutions. 

Standard Sodium Hydroxide Titrant, 0.0231 N .— Dilute 46 ml. of 0.5 N NaOH 
to 950 ml. with water. Pipet volumes of 2-, 5-, and 10-ml. of standard H 3 B0 3 
solution, dilute to 250 ml., and standardize the NaOH daily by following the com- 
plete boron procedure. Adjust the solution to the proper normality. The equiva- 
lence of 0.0231 N NaOH is 0.250 mg. boron per 1.00 ml. 

Standard Boron Solution.— Dissolve 0.5716 g. H 3 B0 3 , dried in a desiccator, in 
distilled water, and dilute to 1000 ml. to form h solution containing 0.100 mg. 
boron per 1.00 ml. Do not dry the H 3 BO s at 105°C., but use a chemical that 
meets ACS specifications, which has been tightly stoppered, to prevent absorption 
of atmospheric moisture. 

Methyl Red Indicator. 

Standard Buffer Solution, pH 7.00. 

Sulfuric Acid, 1 N. 

8 Wilcox, L. V., Ind. Eng. Chem., Anal. Ed., 12, 311, 1940. 
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Sodium Hjdroxide 1 N 
'Mannitol (Boron Free) 

Procedure —Place a sample volume containing less than 1 mg B in a 400 ml 
tall form or a 600 ml beaker Dilute to 2o0 ml if a smaller aliquot has been 
t then Acidify to methyl red indicator (3 to 5 drops) then add 0 5 to 1 0 ml M 
H S0 4 in excess Bring to a boil stir cautiously at first then vigorously to expel 
the CO Cover the beaker and rapidly cool to room temperature preferably ttl 
a water bath (Add more 1 \ H S0 4 if boiling results in a return of the alkaline 
indicator color ) Adjust the pH meter to pH 7 00 with a standard buffer solution 
Wash the glass and calomel reference electrodes thoroughly with distilled water 
and insert the electrodes into the sample Stirring the sample gently througl out 
the entire titration first raise the pH to approximately 5 0 by add» g carbonate 
free 1 \ AaOH then add the standard 0 0231 N NaOH until the pH is exactly 
7 00 Record the buret reading and add 5 ± 0 1 g mannitol (The presence of 
B m the sample will cause the pH to drop below 7 00 at tins point) Rapcilv 
titrate with standard 0 0231 A NaOH until the pH is again exactly 7 00 and record 
the second buret reading Carry a 250 ml blank of boiled distilled water tltougl 
the complete procedure 

„ „ , (A - C) X D X 1000 

B mltgram* per tar - — „ n , Krs of sample 

where A — milliliters of titration for sample 

C — milliliters of titration for blank and 
D = milligrams of B equivalent to 1 00 ml of 0 0231 ^ NaOH 

CARM1\E COLORIMETRIC METHOD* » 

The ions present in most potable waters seldom interfere at the customary levels 
Silica interference vanes with the B concentration At 0 5 mg per liter of B 
the result may be approximately 20% high in the presence of 5 or 30 mg per 1 ter 
of SiO and may fluctuate at lower B levels Fluoride A0 3 and P0 4 concentra 
tions exceeding those normally encountered in drinking supplies interfere to a 
lesser extent 

Reagents Standard Boron Solution —Prepare as described in Potentiometric 
Method under Boron above 

Carmine Reagent —Stir 0 02 g carmine N F 40 or carminic acid in 1 liter 
concentrated H S0 4 until dissolved Check the calibration curve daily to keep 
abreast of the reigent s deterioration 
Sulfuric \cid Concentrated 
Hydrochloric \cid Concentrated 
Hydrochloric Acid 1+11 
Sodium Hydroxide 1 A 

Procedure Preliminary Sample Treatment —If the simple contains less than 
1 mg per liter of B pipet an aliquot containing 0 002 to 0 02 mg B into a 
platinum dish make alkaline with 1 \ NaOH plus a slight excess and evaporate 
to dryness on a steam or water bath If necessary destroy any organic materia 
at this point by ignition at 500° to 550 C Acidify the cooled residue (ignited or 
not) with 25 ml 1 -f- 1 1 HC1 and triturate with a rubber policeman to dissove 
Centrifuge if need be to obtain a clear solution Pipet 2 00 ml clear concentrate 

® Hatcher J T and^Vilcox L V Anal Chem 22,567 19->0 
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into a small flask or 30-ml. test tube. Subject a reagent blank to the same steps 
as the sample. 

Color Development.— Prepare a series of B standard solutions (0.100, 0.250, 
0.500, 0.750, and 1.00 mg.) in 100-mi. volume with distilled water. Pipet 2.00 ml. 
of each standard solution into a small flask or 30-ml. test tube. 

Treat the blank and calibration standards exactly as the sample throughout the 
procedure. Add 2 drops concentrated HC1, then carefully introduce 10.0 ml. con- 
centrated H.,S0 4 , mix, and allow to cool to room temperature. Add 10.0 ml. 
carmine reagent, mix well, and after 45 to 60 min., measure the absorbance at 
585 m/i in a cell of 1-cm. length or longer, using the blank as the reference. 

_ milligrams of B X 1000 

B, milligrams per liter = — — - • 

milliliters of sample 

CADMIUM 2 •*> 

Nominal amounts of most ions can be tolerated in the follotving dithizone 
method. Zinc concentrations in excess of a 500 to 1 ratio of Zn to Cd cause low 
results. Cupric, ferric, chromate, permanganate, and other oxidizing ions oxidize 
dithizone in alkaline solution to diphenylthiocarbadiazone, an interference which 
can be eliminated by the addition of such reductants as NH 2 OH-HCl or Na 2 S0 3 . 
Special steps are described for coping with interference from organic matter, Cu, 
Hg, Ag, Ni, and Co. The sensitivity of the method requires the thorough cleansing 
of all glassware with dilute HNO s , followed by rinses with Cd-free water and 
dithizone solution. A wise precaution against contamination is the segregation of 
the glassware used for the Cd determination. As in the case of all dithizone 
methods, the photosensitivity of dithizone and dithizonates imposes the necessity 
for promptly performing the extractions out of the range of strong light. Chloro- 
form, CC1 4 , and reagents of a grade satisfactory for dithizone work should be used 
exclusively. A general procedure is detailed for overcoming interference from 
organic matter. Digestion of the sample with HN0 3 and HC10 4 oxidizes and 
volatilizes a number of ions in the original sample, thus often constituting an 
advantage in the determination. 

Considerable caution and discretion must be exercised in the use of HCI0 4 for 
the elimination of organic interference. Perchloric acid should never be added 
to a hot solution containing organic matter. Fuming should be performed in 
hoods constructed of all stone, asbestos-cement, or both. A glass fume eradicator, 
of the type marketed by G. F. Smith Chemical Co., Columbus, Ohio, which con- 
nects to a water pump, may be substituted for occasional HC10 4 fumings. In 
every case the sample should be adequately pretreated with HNO s prior to the 
addition of any HC10 4 . 

Samples destined for extended transport to the laboratory should be preserved 
with concentrated HNO s at the rate of 5 ml. per liter of sample, to prevent serious 
adsorption losses. 

Reagents. Deionized Distilled Water or Redistilled Water.— These should be 
used for the preparation of all solutions and dilutions. 

Standard Cadmium Solution.— (a) Dissolve 0.1000 g. pure cadmium metal in 
water with 5 ml. concentrated HC1, and dilute to 1000 ml. (b) Dilute 5.00 ml. 
stock solution, together with 2 ml. concentrated HC1, to 200 ml., to form a stand- 

io Serfass, E. J„ et al., Plating, 35, 458, 1948. 
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ard solution containing 0 0025 mg of cadmium per 1 00 ml Prepare the standard 
solution daily 

Duhizone Chloroform Solution —Dissolve 100 mg diphenyl thiocarbazone (dithi 
zone) in 100 ml CHCi 3 Stopper tightly and store in the refrigerator 

Dithizone Carbon Tetrachloride Solution — Dissoh e 100 mg diphenylthiocarba 
zone in 1 liter CCI 4 Stopper tightly and store in the refrigerator If necessary 
purify dithizone as follows dissolve 100 mg dithizone in 2a0 ml CC1 4 and pour 
into a 1 liter separatory funnel add 200 ml water mid 3 ml concentrated NH 4 0H 
shake well and reject the CC1 4 layer extract with 100 ml portions CC1 4 until the 
organic layer is clear green and reject the extracts transfer the purified did none 
to CC1 4 by acidifying with 50 ml 1 + 11 HC1 and shaking w 0 orously with 500 ml 
CC1 4 discard the aqueous laser draw ofl the dithizone CC1 4 layer wash with 100 
ml water separate and dilute with CC1 4 to 1 liter 

Potassium Sodium Tartrate Solution —Dissoh e 50 g KNaC 4 H 4 O e 4H,0 in 
2o0 ml water Free the solution of heavy metals by shaking with repeated 50ml 
portions of dithizone CC1 4 solution until the final dithizone portion shows no trace 
of pink Then extract the dithizone and its yellow oxidation product with CHC1 3 
portions until the final organic layer remains colorless Remove the CHCI 3 with 
a last CC1 4 extraction 

Dimethylglyoxime Solution 0 1 g per 100 ml 95% Ethyl Alcohol 

Nunc Acid Concentrated 

Hydrochloric Acid Concenirated 

Ammonium Hydroxide Concentrated 

Perchloric Acid 60 to 70% 

Sodium Hydroxide 6 \ 

Sodium Hydroxide 1 A 
Chloroform 
Carbon Tetrachloride 
Sodium Sulfate 

Procedure General Procedure for Removal of Organic Matter Interference - 
Place the measured sample in an evaporating dish casserole or beaker add 5 to 
10 ml concentrated HN0 3 and evaporate to 15 to 20 ml on a steam bath or hot 
plate Cover with a watch glass when necessary to prevent losses due to spat 
tering If desired place an infrared lamp over the sample to speed evaporation 
Quantitatively transfer the concentrate and any residue to a 125 ml flask Cool 
and add a ml concentrated HN0 3 10 ml 60 to 70% HC10 4 and a few glass 
beads (Perform all HC10 4 evaporations in a hood of stone or transite construe 
tion alternatively connect i glass fume eradicator to a water pump for the pur 
pose of removing the HC10 4 fumes) Evaporate carefully on a hot plate until 
dense HC10 4 fumes just appear Cover the flask with a watch glass and keep the 
solution just barely boiling until the liquid becomes clear and colorless If neces- 
sary add another 10 ml concentrated Hls0 3 to complete the oxidation After 
the colorless digested solution has cooled wash the inner walls of the flask and 
watch glass with sufficient water to bring the total solution volume to 50 m 
Expel the chlorine or nitrogen oxides by boiling Remove any SiO residue by 
filtration through a sintered glass or porous filter crucible Rinse the flask wit 
two 5 ml portions of water and add to the filter to wash the residue If 1 IS 
digestate is to serve for more than one determination quantitatively transfer t e 
filtrate and washings to a volumetric flask (such as 50 or 100 ml) cool dilute to 
the mark and mix 
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Procedure for Cadmium.— If necessary, first remove interfering amounts of or- 
ganic matter by the steps described above. 

Pipet an aliquot containing 0.0025 to 0.02 mg. Cd of the final filtrate remaining 
from the general procedure for removal of organic matter interference. 

Prepare a blank and a series of Cd standards (0.0025-, 0.005-, 0.010-, 0.015-, and 
0.020-mg.) with sufficient water to give a total volume corresponding to the sample 
volume or aliquot taken. Treat the blank and standards exactly as the sample 
throughout the procedure. In the case of a potable water free from organic matter 
interference and meeting USPHS drinking water standards for Cd, take a mini- 
mum sample volume of 250 ml., add 0.5 ml. concentrated HC1, and evaporate to 
15 to 20 ml. If necessary, filter and wash. 

If Cu, Hg, and Ag are present, add 5 ml. KNaC 4 H 4 0 G solution to the filtrate, 
and adjust with concentrated HC1 or concentrated NH 4 OH to pH 2.0. Quantita- 
tively transfer to a 125-ml. separatory funnel. Extract with 5-ml. portions dithi- 
zone-CHCl 3 solution until the final dithizone portion remains an unchanging 
gieen color. Discard the extracts. Wash the aqueous layer with 10-ml. portions 
CHClg until the organic layer becomes colorless. Discard the washings. Wash 
with a 5-ml. portion CC1 4 , and discard the washing. 

If Ni or Co are present, quantitatively transfer the aqueous layer to a 150-ml. 
beaker, add 5 ml. KNaC 4 H 4 O c solution, and adjust with concentrated NH 4 OH 
to pH 8.5 to 9.0. Quantitatively return the solution to the separatory funnel, add 

5 ml. dimethylglyoxime solution, and shake vigorously for 30 sec. Extract with 
3 or more 10-ml. portions CHC1 3 until the white precipitate of excess dimethyl- 
glyoxime has been removed. Discard the extracts. Wash the aqueous layer with 
one 5-ml. portion CC1 4 , and discard the washing. 

Make the aqueous layer in the separatory funnel strongly basic by adding 4 ml. 

6 N NaOH, and mix. Follow with 5 ml. dithizone-CCl 4 solution and shake thor- 
oughly. Transfer the organic layer to a clean separatory tunnel. Perform a 
second extraction with a 5-ml. portion dithizone-CCl 4 solution, and thereafter with 
3-ml, portions until the Cd is completely removed, as evidenced by the absence 
of pink or slight yellow color in the final dithizone portion. Wash the combined 
CC1 4 extracts with two 10-ml. portions 1 A r NaOH, and then with water. Discard 
the aqueous washings. Filter the red Cd dithizonate layer through a small filter 
paper, or a cotton or glass-wool plug, or a fritted-glass funnel containing a 1-g. 
layer of Na 2 S0 4 into a 25-ml. volumetric flask. Wash the filter with a little CC1 4 
and add the washing to the volumetric flask. Dilute to the mark with CC1 4 , mix 
well, and rapidly determine the absorbance at 515 m/n against a reference of pure 
CC1 4 or the reagent blank. If pure CC1 4 is used as the reference, correct the 
sample result by deducting the Cd content of the reagent blank carried through 
the entire procedure. 

n , .... AX 1000 B 

Cd, milligrams per liter = — X — 

° 1 milliliters of sample C 

where A = milligrams of Cd found photometrically or visually. The ratio B/C 
applies only when a large sample is digested for removal of organic matter inter- 
ference, the volume then made up to B, and an aliquot, C, taken from it for color 
development. 
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CALCIUM 

The classical gravimetric and titnmetric oxalate methods for Ca are reco^mzeu 
to yield the most reliable results Generally a single precipitation of CaC0 4 i S 
adequate Recourse to repreapitation is taken only for the most exact 1 orl 
The relative simplicity of the EDTA complexometric method commends itself for 
routine control operations 

OXALATE METHODS * 

Silica A1 Fe Mn P0 4 and suspended matter must be removed before the Ca 
is precipitated as CaC 0 4 Since (NH 4 ) C„0 4 reagent also precipitates Sr a flame 
photometric determination for Sr should be conducted so that the proper deduc 
non can be applied to the Ca result 

Reagents Ammonium Oxalate Solution 10 g (NH 4 ) C_0 4 H 2 Oper2aOml 

Ammonium Chloride Wash Solution 20 g per liter 

Hydrochloric Acid Concentrated 

Hydrochloric Acid 1 + 1 

Methyl Reel Indicator 

Ammonium Hydroxide 3 A 

Ammonium Hydroxide 1+99 

Ammonium Persulfate 

Ferric Chloride 

Standard Potassium Permanganate Titrant 0 05 N —Filter the supernatant from 
an aged solution of 0 1 A KMn0 4 through a fritted glass crucible and dilute with 
an equal volume of distilled water Standardize daily against accurately weighed 
100 to 200 mg portions of Na C 2 0 4 primary standard grade (dried at Kb C) 
Place the Na C 2 0 4 in a beaker add 10 ml 1 + 1 H^S0 4 and 100 ml d stilled 

water ai d titrate the heated solution to the typical pink end point used for the 

sample 

i milligrams of Na 2 C 2 Oi 

Normality of KMnO, - _ g) xT ^- 

where A - milliliters of titration for Na 2 C 2 Oi and 

B — milliliters of titration for blank The equivalence of 0 0500 V KNlnOi is 
1 002 mg Ca per 1 00 ml 
Sulfuric Acid 1 + 1 

Procedure Removal of Interference —Remove the Si0 2 and suspended matter 
as described m Gravimetric Method under Silica below p 247a 

Next remove P0 4 interference by adding sufficient FeCl 3 to yield a red blown 

precipitate in the filtrate from the gravimetric determination for Si0 2 11 
Then remove Al Fe and Mn interference by concentrating the filtrate from the 
gravimetric determination for Si0 2 to 120 to 150 ml If necessary bring tie total 
volume of concentrated HC1 m the SiO* filtrate to 10 ml at this point with the 
addition of more concentrated HC1 Add with mixing several drops methyl ied 
indicator enough 3 N NH 4 OH to change the indicator color to yellow and 1 g 
(NH 4 )»S 2 0 8 After the solution begins to boil resume the careful addition of 
3 AT NH 4 OH until the solution tests slightly alkaline to litmus paper and the 
steam yields a distinct but not a strong odor of NH 3 Allow the hot solution to 

n Manual on Industrial Mater and Industrial Waste Water 2nd Ed ASTW Phdadel 
phia 19a 9 
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stand exactly 10 min. after 1 to 2 min. of boiling. Wash the filtered precipitate 
3 to 4 times with NH 4 C1 solution. Dilute or concentrate the filtrate and washings 
to a convenient volume. 

Precipitation of Calcium.— Select a sample volume containing less than 250 mg. 
Ca for a gravimetric finish, and less than 50 mg. for a titrimetric finish. If need 
be, dilute to 200 ml. Alternatively, concentrate the filtrate from the interference 
removal operations to 200 ml. Add several drops methyl red indicator and enough 
1 + 1 HC1 to change the indicator color to pink. After 1 min. of boiling, add 

50 ml. (NH 4 ) 2 C 2 0 4 solution. Redissolve any precipitate that may form at this 

point with a minimum of 1 + 1 HCI. To the warm, but not boiling, solution, 
add with constant stirring 5 ml. 3 N NH 4 OH drop by drop from a buret. After 
the covered mixture has digested at 90°C. for 90 min., add slowly over a period 
of several minutes more 3 N NH 4 OH until the yellow indicator color returns (to 
check on thoroughness of precipitation). Digest another 15 min. at 90°C. If a 
single precipitation is adequate, complete the determination gravimetrically or 
titrimetrically. Otherwise, perform the Ca reprecipitation as follows. 

Reprecipitation of Calcium.— Remove the precipitate with an ashless, fine- 

textured, retentive filter paper, and wash 3 to 4 times with cold 1+99 NH 4 OH, 

or until the washings become free from Cl. If desired, retain the filtrate and 

washings for the gravimetric determination of Mg. Dissolve the precipitate by 
pouring onto the filter 10 ml. 1 + 1 HCI in small portions, and then washing the 
filter paper with 3 to 4 small portions of hot, distilled water. Collect the filtrate 
in the original beaker, dilute to 175 ml.; and reprecipitate and digest the Ca as 
previously described. 

Gravimetric Finish.— Remove the precipitate with an ashless, fine-textured, re- 
tentive filter paper, and wash 3 to 4 times with cold 1+99 NH 4 OH, or until free 
from Cl. If desired, retain the filtrate and washings for the gravimetric determina- 
tion of Mg. Carefully char the filter paper in a crucible that has previously been 
ignited and weighed. Burn off the final traces of paper without causing a flame, 
and ignite to CaO at 1100° to 1 200°C. for 30 to 60 min., or to constant weight. 
Cool the crucible in an efficient desiccator and weigh. 


^ .... .. milligrams of CaO X 714.7 

Ca, milligrams per liter = — - — — 

milliliters of sample 

Titrimetric Finish.— Decant the supernatant through a filter crucible. Wash the 
beaker and precipitate with at least four 5- to 10-ml. portions 1+99 NH 4 OH to 
remove all soluble oxalate. If desired, reserve the filtrate and washings for the 
gravimetric determination of Mg. Return the crucible in a horizontal position 
to the original beaker and cover with distilled water. Add 10 ml. 1+1 II o S0 4 , 
stirring the interior of the crucible to dissolve all the CaC 2 0 4 . Heat nearly to 
boiling, and titrate with standard 0.05 A r KMn0 4 to a faint pink end point. De- 
termine the titration blank on 10 ml. 1 + 1 H 2 S0 4 and the same volume of dis- 
tilled water as was used for the sample. 


Ca, milligrams per liter = 


(A - B)X NX 20040 
milliliters of sample 


where A = milliliters of titration for sample, 

B = milliliters of titration for blank, and 
N = normality of KMnOj. 
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COMPLEXO METRIC METHOD 2 11 12 is n is 
The following individual interferences in the specified concentrations can be 
tolerated in the described procedure 20 mg per liter for ferrous or feme 10 ns 
10 mg per liter for manganous ion 5 mg per liter for A1 or Pb or Sn or Zn and 
2 mg per liter for Cu Orthophosphate precipitates Ca at pH 12 to 13 while 
alkalinity in excess of 30 mg per liter ma) cause an indistinct end point with 
hard waters In the presence of murextde Sr titrates sluggishly like Ca whereas 
Ba affects the titration adversely by guing a poor end point or no end point The 
titration should be completed within 5 min to prevent CaC0 3 precipitation at 
a pH of 12 to 13 In addition to ammonium purpurate Calcon (Enochrome 
Blue Black R) and Calcein (fluorescein methyleneiminodiacetic acid) can be 
used for the complexometric titration of Ca 

Reagents Standard EDTA Titrant 0 01 M (0 02 A ) —Preparation and stand 
ardization described in Hardness p 2434 below 

Indicator —Either a solid (a) or liquid (b) formulation is satisfactory (a) 02 g 
ammonium purpurate (murexide) + 1 00 g NaCl ground together m a mortar 
This indicator yields a color change from salmon to orchid purple (b) 0 15 g 
ammonium purpurate (murexide)/100 g absolute ethylene glycol 
Sodium Hydroxide, 1 A 
Hydrochloric Acid 002 A 

Procedure —Prepare a color comparison blank m a white porcelain casserole by 
stirring 20 ml 1 A NaOH 02 g solid indicator mixture (or 4 to 6 drops indicator 
solution) into 50 ml distilled water and sufficient standard EDTA titrant (00a 
to 0 10 ml) to produce an unchanging purple color Pipet into a similar white 
porcelain casserole a 50 ml sample or dilute to 50 ml an aliquot containing 0 to 
10 mg Ca Neutralize the alkalinity with 0 02 A HCI boil 2 to 3 min to expel 
the C0 2 and cool to room temperature Add 2 0 ml 1 N NaOH or a volume 
sufficient to produce a pH of 12 to 13 and mix Add 02 g powdered indicator 
mixture or 4 to 6 drops indicator solution and mix Stirring constantly titrate 
with standard 0 01 M EDTA to the color of the comparison blank Cheek the 
end point by adding 1 or 2 drops of titrant in excess to be sure that no further 
deepening of the purple color takes place 


Ca, milligrams per liter = 


{A — B) X C X 400 4 
milliliters of sample 


where A = milliliters of titration for sample, 

B = 0 10 ml titration for blank, and 

C — milligrams of CaCOj equivalent of 1 00 ml of EDTA titrant 

1 2 Betz J D and Noll C A J Am Water Works Assn 42, 749 1950 
is Goetz C A and Smith R C Iowa State J Science 34,101 19o9 
1 * Schwarzenbach G Biederman W and Bangerter B Helv Chim Acta 29 811 
is Two United States patents (Nos 2583890 and 2o83891) have been issued to G Schi « 
zenbach anent complexometnc methods in water analysis Nothing contained in tins 
volume is to be construed as granting any right by implication or otherwise for the use 
of these methods nor as insuring anyone against liability for infringement of these paten s 
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CARBON DIOXIDE 2 - 10 - 17 

The C0 0 content often is the sole contributor to the acidity of the potable 
natural water sample. On this account, the C0 2 determination bears a close re- 
semblance to the acidity titration. The differences reside in the concentrations 
of the titrants and the fact that the titration is conducted in a manner that mini- 
mizes the escape of the volatile C0 2 gas. Either Na 2 C0 3 or NaOH are acceptable 
titrants. At best this method affords only an estimate of the C0 2 content when a 
field determination becomes impossible. The presence of acid mine wastes in- 
validates the C0 2 results. 

Reagents. Boiled Distilled Water.— This should be used in the preparation of 
all solutions. 

Standard Sodium Hydroxide Titrant, 0.0227 N .— Dilute 22.7 ml. 1 A r NaOH to 
1 liter with water. Standardize as described under “Acidity,” above, p. 2398. The 
equivalence of 0.0227 N NaOH is 1.00 mg. C0 2 per 1.00 ml. 

Standard Sodium Carbonate Solution, 0.0454 N .— Dissolve 2.407 g. Na 2 C0 3 , pri- 
mary standard grade (dried at 140°C.), and dilute to 1000 ml. with water. Prepare 
daily or protect from atmospheric CO n with a soda lime tube. The equivalence 
of 0.0454 N Na 2 CO a is 1.00 mg. C0 2 per 1.00 ml. 

Sodium Bicarbonate pH 8.3 Color Standard. 

Plienolphthalein Indicator. 

Procedure. Field Determination.— Attach a rubber tube to the water tap, and 
place the open end of the tube at the bottom of a 100-ml., graduated cylinder or 
Nessler tube. Let the water overflow the cylinder to the extent of 2 or 3 times 
the cylinder volume, and then withdraw the tube as the water continues to run. 
Quickly adjust the water volume in the cylinder to the 100-ml. mark, and add 
0.25 to 0.5 ml. (5 to 10 drops) plienolphthalein indicator. If the sample remains 
colorless, titrate rapidly with standard 0.0227 N NaOH or standard 0.0454 N 
Na 2 C0 3 to the color of the pH 8.3 NaHCO g color standard resting alongside in 
an identical graduated cylinder or Nessler tube. Mix the titrant and the sample 
gently with a stirring rod. Repeat the determination on a second sample by 
adding the full alkaline volume of the first titration, and, if the sample remains 
colorless, complete the titration in the prescribed manner. Accept the second 
titration as the more reliable result. 

Laboratory Determination.— Extend the rubber sampling tube to the bottom of 
a borosilicate-glass bottle, and allow the water to overflow to the extent of 2 or 3 
times the bottle capacity. Replace the glass stopper so as to entrain no air. Re- 
frigerate the sample during transport to the laboratory and until ready for testing. 
Siphon the sample into a 100-ml. graduated cylinder or Nessler tube, and allow 
some overflow to take place. Complete the determination as described for the 
field determination. 


When the titrant is NaOH, 

CO 2 , milligrams per liter 


AX NX 44000 
milliliters of sample 


re Am. Public Health Assn., and Am. Water Works Assn., Standard Methods for the 
Examination of Water and Sewage, 9th Ed., New York, 1946. 

11 Approved Methods for the Physical and Chemical Examination of Water, 3rd Ed., 
Institution of 'Water Engineers, Parliament Mansions, Abbey Orchard St., London S W 1 
I960. 
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When the titrant is NazCOs, 

AX N X 22000 

CO 2 , milligrams per liter = — 

milliliters of sample 

where A = milliliters of titration for sample, and 
iV = normality of titrant 

CHLORIDE 2 11 

Bromide and iodide react quantitatively with AgNOg, and must be absent or 
compensated for in the sample Orthophosphate in excess of 25 mg per liter pre 
cipitates Ag 3 P0 4 , while Fe m excess of 10 mg per liter masks the titration end 
point 

Both inorganic and organic sulfur reductants may interfere with the titration 11 
The formation of a black Ag 2 S precipitate with inorganic sulfide obscures the 
end point, and leads to an incomplete titration Low readings are also caused by 
thiourea (0 4 mg per liter of S) thiolacetic acid (0 I mg per liter of S), and methyl 
disulfide (8 mg per liter of S) On the other hand, such organic sutfur compounds 
as the mercjptans (10 mg per liter of S) and alkyl and aryl sulfides (25 nig per 
liter of S) give high results Evaporating the sample to dryness on a steam or vv itir 
bull, rubbing the residue with 0 5 ml 30% H 2 0 2 , and redissohing the residue 
with 50 or 100 ml distilled water can eliminate much of this interference Hydro- 
gen peroxide also oxidizes sulfite in neutral solution and thiosulfate m alkaline 
solution Acidification of the sample and boiling can eliminate cyanide and in 
organic sulfide 

Reagents. Deionized Distilled Water or Redistilled Water.— These should be 
used for the preparation of all solutions and dilutions 

Standard Siher Nitrate Titrant, 0014! JV —Dissolve 2 396 g AgNO a , and dilute 
to 1000 ml with water Standardize against 0 0141 N NaCl under exactly the same 
conditions (similar volumes of final solution and K 2 Cr0 4 indicator) tint the water 
samples are titrated under Pipet a volume of standard NaCl that approximates 
either the average or median (whichever is applicable) Cl usually prevailing in 
the water samples determined in the particular laboratory The equivalence of 
0 0141 N AgN0 3 is 0 500 mg Cl per 1 00 ml Store in a brown bottle or in the 
dark 

Standard Sodium Chloride Solution, 0 0141 N .— Dissolve 0 8241 g. NaCl dried 
.at 140'C, and dilute to 1000 ml with water The Cl equivalence of this solution 

*1 TOg y/ti \ Oft ttu 

Potassium Chromate Indicator.— Dissolve 50 g K 2 Cr0 4 in 1 liter of water, add 
sufficient AgN0 3 solution to produce a slight red precipitate, and filter after ihc 
suspension lias remained in the dark for 24 hr 

Phenolphthalein Indicator. 

Hydrogen Peroxide, 30% 

Calcium Carbonate. 

Sodium Hydroxide, 1 N. 

Sulfuric Acid, 1 N. 

Nitric Acid, 1 iV. 

Aluminum Hydroxide, Suspension. 

1 * Taras, M J , Water and Sewage Works, 102, 412, 1955 
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Procedure. Sample Pretreatment.— When an interfering amount of color is 
present, apply 3 ml. well-shaken Al(OH) s suspension to each 100 ml. sample, stii, 
and allow the floe to settle several times. Then filter and wash die floe. Collect 
and combine the filtrate and washings. 

Remove sulfite by adding 1 ml. 30% H 2 0 2 to each 100 ml. sample adjusted to a 
neutral pH, 

Remove thiosulfate by making the sample alkaline to phenolphthalein indicator 
with 1 N NaOH. Add 1 ml. 30% H o 0 2 , stir, and after 5 min., neutralize with 

inh 2 so 4 . 

Expel cyanide and sulfide by acidifying the sample with 1 N H 2 S0 4 to pH 4, 
boiling, and neutralizing the sample with 1 N NaOH or a small amount of solid 
CaC0 3 . 

Neutralize with 1 N NaOH or a small amount of solid CaCOg a sample whose 
pH is less than 7. 

Neutralize with 1 N H 2 S0 4 or HNO a a sample whose pH exceeds 10. 

Titration.— Prepare a color comparison blank in a white porcelain casserole by 
stirring 1.0 ml. K 2 Cr0 4 indicator and 0.20 ml. standard 0.0141 A r AgNO s into 
100 ml. deionized distilled water or redistilled water. Pipet into a similar white 
porcelain casserole 100 ml. sample; or dilute an aliquot so that no more than 10 
mg. Cl is contained in 100 ml. Add 1.0 ml. K 2 Cr0 4 indicator and, stirring con- 
stantly, titrate with standard 0.0141 N AgNO s to the color of the comparison 
blank. 


Cl, milligrams per liter = 


(A — B) X N X 35460 
milliliters of sample 


where A = milliliters of titration for sample, 

B — 0.20 ml. of titration for blank, and 
N = normality of AgNOs. 


RESIDUAL CHLORINE 

Applicability of Residual Chlorine Methods-— The iodometric method finds 
greatest use for the determination of high chlorine concentrations above 1 mg. 
per liter and in the standardization of chlorine dosing water. The orthotolidine- 
arsenite (OTA) colorimetric method is widely employed in water treatment plants 
for the routine control of the chlorination process. The amperometric method is 
largely free of interference from color and turbidity, which may affect the colors 
of the o-tolidine and iodometric methods. The method is suitable for the deter- 
mination of residua] chlorine concentrations up to 5 mg. jner liter, and is capable 
of differentiating the 3 principal Chlorine fractions generally prevalent in water. 

The impossibility of preserving the residual chlorine of a water sample under- 
scores the importance of performing the determination as soon after collection as 
possible. 


IODOMETRIC METHOD 2 

The iodometric titration of total available chlorine is performed in an acid 
medium. Sulfuric acid may be substituted for the specified acetic acid when inter- 
ferences are known to be absent. Conducting the titration at a neutral pH mini- 
mizes interference from nitrite, manganic, and ferric ions. 
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Table 48-5 Permanent Color Standards Equivalent to 1 0 to 10 Me 
per Liter of Chlorine 


Chlorine 
Equivalent, 
mg perl 

Milliliters of Stock Chromate Dichromate Solution 
for Cell Depth of 

2 5 to 5 cm 

10 cm 

20 cm 

24 to 30 cm 

1 

100 

10 0 

100 

100 

1 5 

150 

150 

15 0 

15 0 

2 

19 5 

195 

197 

20 0 

3 

27 0 

27 5 

29 0 

30 0 

4 

34 5 

35 0 

39 0 

40 0 

5 

42 0 

43 0 

48 0 

50 0 

6 

49 0 

51 0 

58 0 

60 0 

7 

56 5 

59 0 

68 0 

70 0 

8 

640 

67 0 

77 5 

80 0 

9 

72 0 

75 5 

87 0 

90 0 

10 

80 0 

84 0 

97 0 

100 0 


Decolorizing Solution — Mercaptosuccinic acid is the most satisfactory decolor 
izer but minimal quantities of 0 I A' Na s S 2 0 3 or Na 2 S0 3 may be used alterna 
lively provided the latter 2 solutions produce no interfering sulfur colloid or pre 
cipitate with the treated water sample 

Mercaptosuccinic Acid (Also Called Thiomalic Acid) Solution 10 g per 100 ml 
Sodium Sulfite Solution, 10 g per 100 ml 

Chlorine Demand Free Water — Treat a distilled water free of NH 3 or nitrite 
with sufficient standard chlorine solution (preparation described under Chlorine 
Demand below) to produce a free available chlorine residual of 2 to 5 mg per 
liter Allow the water to stand overnight or longer then remove the residual 
chlorine by exposure to direct sunlight or ultraviolet irradiation Store jn a 
tightly stoppered bottle to protect from contaminating fumes 
Procedure Free Available Residual Chlorine— Use 0 5 ml o tohdine reagent 
and 0 5 ml NaAs0 2 solution for each 9 5 ml sample taken in the procedure 
Rapidly chill the sample to 15°C and preferably less Place the proper volume 
of o tolidme reagent m the tube or bottle and add a measured volume of water 
sample Mix quickly and thoroughly and within 5 to 10 sec add the proper 
volume of NaAs0 2 solution Mix again and promptly compare the color against 
permanent color standards Record as reading A 
Total Available Residual Chlorine —Use 0 5 ml o tolidme reagent for each 
9 5 ml sample taken Place the proper volume of o tolidme reagent in the tube 
or bottle and add a measured volume of water sample Mix thoroughly and com- 
pare the maximum color developed normally within 5 min against permanent 
color standards Record as reading C 

Color and Turbidity Blank —(a) Use the same volumes of NaAs0 2 solution 
o tolidme reagent and sample as in the free available and total available residual 
chlorine determinations Place the proper volume of NaAsO s solution in the 
tube or bottle and add the proper volume of sample Mix promptly and thor 
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oughly, then add the proper volume of o-tolidine reagent. Mix again, and imme- 
diately compare the color against permanent color standards. Record reading as 
blank 1. Compare the same blank against permanent color standards 5 min. 
later, and record as blank 2. (b) Instead of preparing a separate color and tur- 
bidity blank as in step (a), add 1 to 2 drops of decolorizing solution (preferably 
mercaptosuccinic acid, or 0.1 N Na 2 S 2 0 3 , or Na 2 S0 3 solution), to the yellow 
chlorine-orthotolidine color developed in the free available residual chlorine pro- 
cedure or the total available residual chlorine procedure. Mix promptly and 
thoroughly until the yellow o-tolidine color disappears within I min., and again 
compare with the permanent color standards, (c) If necessary, remove excessive 
turbidity by briefly centrifuging the sample to improve the visual comparison or 
to bring the sample within nulling range of the photometer. 

Photometric Measurement.— Measure the color developed in the free available 
residual chlorine and the total available residual chlorine procedures in a pho- 
tometer. Use a light path of 5 cm. and a wavelength range of 400 to 450 m/i for 
residual chlorine concentrations of 0.02 to 0.3 mg. per liter; a light path of 1 cm. 
and a wavelength range of 400 to 450 m/r for residual chlorine concentrations of 
0.1 to 1.5 mg. per liter; and a light path of 1 cm. and a wavelength of 490 npi for 
residual chlorine concentrations of 0.5 to 7.0 mg. per liter. Prepare a calibration 
curve by subjecting known residual chlorine concentrations in chlorine demand- 
free water to exactly the same steps used in the treatment of the water samples. 


Free available residual chlorine = reading A — blank 1. 

Combined available residual chlorine = reading C — reading A. 

Total available residual chlorine = reading C — blank 2. 

Drop Dilution Modification.— Adopt the following modification for the approxi- 
mate estimation of residual chlorine concentrations above 10 mg. per liter, such 
as are applied in the disinfection of water mains or tanks. Use 0.5 ml. o-tolidine 
reagent for each 9.5 ml. distilled water taken for dilution. Place the proper vol- 
ume of o-tolidine reagent in the tube or bottle, add a measured volume of distilled 
water, and mix thoroughly. Add 1 drop (0.05 ml.) test sample, mix thoroughly, 
and immediately estimate the resulting yellow color in a suitable comparison de- 
vice. Continue this procedure with an increasing number of drops of test sample 
until a yellow color is obtained in the diluted portion corresponding to at least 
0.1 mg. per liter in the matching chlorine standard. 


Free available residual chlorine, milligrams per liter 


DX EX 20 
F 


where D = milliliters of volume of tube, cell, or bottle 

E = milligrams per liter value of chlorine standard matching color of diluted 
sample 

F = number of drops of test sample. 


AMPEROMETRIC METHOD 2 . 11.22 

The amperometric method affords an estimate of the residual chlorine fractions. 
The pH must be adjusted to 7 for the determination of the free available chlorine 
and some of the NC1 3 and C10 2 . Free halogens other than chlorine, together with 

22 Marks, H. C., Williams, D. B., and Glasgow, G. U., J. Am. Water Works Assn., 43, 201 
1951. 
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bromide and iodide may also contribute spuriously high readings at this point 
The addition of a small amount of hi at pH 7 yields an estimate of the NH Cl 
fraction Lowering the pH to 4 0 enables an estimate of the NHC1 2 and some oj 
the NC1 3 in the presence of hi Organic chloramines may titrate in the NH Cl 
or \HG1 2 fraction Cupnc ions may cause erratic behavior while cuprous and 
Ag ions may poison the electrode The titration period should be prolonged at 
low temperatures because of the slow electrode response A pH above 7 5 also 
slows the reaction rate which accounts for the use of the pH 7 phosphate buffer 
in the procedure Standard 0 00o64 \ Na„S 2 0 3 may be substituted for phenyl 
arsenoxide in the amperometric titration of total residual chlorine alone where 
differentiation of the NH Cl and NHC1 2 fractions is unneeded 

Apparatus —The components of the amperometric titrator are illustrated in the 
schematic diagram in Fig 48 4 The cell unit consists of a noble metal electrode 
uid a reference electrode of silver silver chloride in a saturated NaCI solution 
connected into the circuit by means of a salt bridge without diffusion of electrolyte 
A microammeter an electrically operated agitator and a 1 ml buret graduated 
in units of 0 01 ml complete the essential elements of the amperometric titrator 
The agitator and all glassware must be thoroughly cleansed of chlorine consuming 
contaminants then immersed in 1 to 10 mg per liter free available chlorine aid 
finally rinsed with chlorine demand free water 
Reagents Standard Phenylarsenoxide Titrant 0 00564 A Dissolve 08 g 
phenylarsenoxide (a product of Wallace 8. Tiernan Inc Belleville N J) in 150 
ml distilled water containing 1 8 g NaOH allow the insoluble matter to settle 
and decant 110 ml of the supernal int liquid into 800 ml distilled water Adjust 
the solution to a pH of 6 to 7 with 1 + 1 HC1 and dilute to 1 liter Standardize 
the solution to 0 00a64 \ against 0 0282 A iodine solution using the ampero 
metric titrator for the normality determinations Preserve with 1 ml CHClj 
The equivalence of 0 00o64 A C 6 H 0 AsO is 0 200 mg available chlorine per 1 00 ml 
Standard Sodium Arsenite Solution 0 1000 A -Dissolve 4 946 g As 0 3 primary 
standard grade (dried at 105 C ) in 40 ml distilled water containing 10 g NaOH 
by heating the solution to about 3o°C and stirring until the solution is clear and 
free of floating material Dilute to 250 ml convert all the NaOH to NaHCOj 
by saturating the solution with CO and make up to 1000 ml 

Stock Iodine Solution 0 1 A —Dissolve 40 g hi in 50 ml distilled water and 
add 12 7 g resublimed iodine with stirring When solution is complete dilute to 
I liter and store in a dark bottle 

Standard Iodine Solution 0 0282 A —Place 2o g kl m a 1 liter volumetnc flask 
and dissolve in a little distilled water Add the calculated volume of 0 1 \ ioJ ne 
solution and dilute to the mark Store in a cool dark place Standardize daily 
as follows pipet 5 or 10 ml standard 0 1000 A sodium arsenite into a flask add 
50 ml distilled water and I to 2 ml starch indicator and titrate with 00 9 82 A 
iodine to the first appearance of a persistent blue color For accurate results 
saturate the solution with CO just before the blue end point is reached 
Phosphate Buffer Solution pH 7 -Dissolve 25 4 g kH P0 4 and 34 1 g Na HP0 4 
in 900 ml distilled water and destroy the ammonium contamination by chlonnat 
mg with 20 to 30 mg available chlorine in the form of NaOCl solution After 
standing overnight in the dark dedilonnate by ultraviolet irradiation from a 
lamp or exposure to sunlight or by very careful addition of dilute Na S0 3 solution 
Acetate Buffer Solution, pH 4 -Dissolve 243 g NaC 2 H 3 0 2 3H 2 0 and 480 g 
(455 ml ) glacial acetic acid and dilute to 1 liter with distilled water 
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Potassium Iodide Solution, 50 g. per liter. 

Procedure. -Select a sample volume that will require less than 2 ml. 0.00564 A’ 
phenylarsenoxide titrant. For a residual chlorine concentration up to 2 mg. per 
liter, take a 200-ml. sample, and a 200-mi. sample for higher residuals. 

Free Available Residual Chlorine.— Add 1 ml. phosphate buffer solution, immerse 
the electrode in the sample, start the stirrer, and add standard 0.00564 N phenyl- 



Fig. 48-4. Circuit Diagram of Amperometric Titrator: A, Microammeter; B, Zero Adjust- 
ing Potentiometer; C, Rectifier; D, Wire Wrapped Around Motor Field; E, Stirring Motor 
Field; F, Switch; G, Resistor; H, Silver Electrode; /, Platinum Electrode. (Reproduced 
with permission from Manual on Industrial Water and Industrial Wastewater, 2nd Ed., 

ASTM, Philadelphia, 1959.) 


arsenoxide dropwise from the buret until the galvanometer pointer ceases to move. 
Wait a few seconds between successive titrant additions to allow completion of 
the reaction. Record as buret reading A. 

Monochloramine.— Add 0.2 ml. K.I solution and continue titrating with standard 
0.00564 N phenylarsenoxide to the cessation of pointer movement. Record as 
buret reading B. 

Dichloramine.— Add 1 ml. acetate buffer solution and 1 ml. KI solution, and 
complete the titration with standard 0.00564 N phenylarsenoxide to the cessation 
of pointer movement. Record as buret reading C. 

Free available residual chlorine titration = reading A. 

Available NHoCl titration = reading B — reading A. 

Available NHCI 2 titration = reading C — reading B. 
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Substitute the net titrauon values in the following equation to obtain the con 
centra tion of each chlorine fraction. 

D X 200 

Available chlonne, milligrams per liter = — — 

. milliliters of sample 

where D = free available residual chlonne titration, or available NHs-Cl titration, or 
available NHClj titration 

When the free available residual and the combined a\ailable residual chlorine 
alone are desired, proceed directly from reading A to reading C 

CHLORINE DEMAND 2 

All such experimental conditions as temperature, contact time, and chlonne 
dosage significantly affect the chlorine demand (also called chlorine requirement) 
of a water The chlonne demand determination is usually performed for the 
purpose of obtaining data that can be related to water plant treatment The 
motive may be the improvement of bacteriological, chemical, physical, or taste 
and odor qualities of the water For this reason the test conditions are subject 
to considerable variation and are tied directly to the objective at hand A labora 
toi) and a field modification applicable to many situations are described below 
Ever) precaution should be taken to conduct the determination away from the 
presence of direct sunlight If the investigation has a bacteriological objectne, all 
glassware should bt thoroughly cleaned and sterilized 

Reagents Standard Chlorine Solution for Laboratory Determination -Care 
fully pass gaseous chlorine into distilled or tap water until the solution contains 
0 1 to 1 0 mg per milliliter of available chlorine Prepare a chlorine solution of 
such strength that the volume of the dosed samples will be increased less than 5% 
Store in a glass stoppered, brown bottle Standardize the chlorine solution mum. 
diately before use by dissolving 1 g kl in 25 ml distilled water containing 2 ml 
glacial acetic acid or 1 ml concentr ited H>S0 4 , adding 2o 00 or 50 00 ml chlorine 
solution, and titrating with standard 0 0250 N NajSoOg titrant (prepare as de 
scribed under 'Dissolved Oxygen, below p 2-157) to the first disappearance of the 
blue starch indicator color 


„ ... d X VX 35 46 

Chlorine milligrams per milliliter = — — — — — : 

milliliters of chlorine soluUon 

where A = milliliters of NaoS->Ot titrant used, 

A' = normality of NaeS )0_i 

Standard Chlorine Solution for Field Determination —Dilute 1 volume of 5% 
household bleaching solution with 4 volumes of distilled water Standardize as 
described in the preceding paragraph, but measure out 20 drops of chlonne solu 
tion for titration with the same medicine dropper destined for field use Adjust 
the chlorine solution to a concentration of 10 mg. per milliliter or 05 mg pet 
drop, which upon addition to a 500 ml sample represents a chlorine dosage o 
1 mg per liter 

AH Reagents Required for Residual Chlorine Determination. 

Procedure Laboratory Determination -Measure a 500 ml sample into each ol 
10 brown, glass stoppered bottles or flasks, and bring to the desired temperature 
Mixing all the while, add to the first sample bottle an amount of standard chlorine 
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solution that will leave no residual chlorine at the end of the desired contact 
period. Increase in regular steps the amount of chlorine applied to the succeed- 
ing sample bottles in the series. Use steps of 0.1 mg. per liter chlorine for a 
water sample of low chlorine demand, and 1.0 mg. per liter increments for a water 
exerting a high chlorine demand. Allow the treated samples to stand for the 
required time in the dark at the desired temperature. Determine the residual 
chlorine by the orthotolidine-arsenite, iodometric, or amperometric methods, de- 
pending on the magnitude of the residual chlorine and the differentiation of 
chlorine fractions desired. Follow the directions for performing these determina- 
tions as described under “Residual Chlorine,” above, p. 2415. 

If desired, check the taste and odor quality of the chlorinated and dechlorinated 
samples by following the pertinent instructions given under “Taste and Odor,” 
p. 2493, below. Dechlorinate with minimal amounts of Na 2 S0 3 . 

Field Determination.— Follow the directions set forth in the preceding procedure 
with the following exceptions. Dose the first sample bottle with 1 drop standard 
chlorine solution, the second sample bottle with 2 drops, the third with 3 drops, 
and so on up the scale. Determine the residual chlorine by the orthotolidine- 
arsenite method. 

Record the chlorine dosage, contact time, temperature, and the amount of free 
available, and/or combined, or total residual chlorine found in each bottle. 

Chlorine demand, milligrams per liter 

= milligrams per liter of chlorine added — milligrams per liter of residual chlorine. 

CHROMIUM 2 

Mercurous and mercuric ions yield a blue or violet-blue color with s-diphenyl- 
carbazide but the reaction is not very sensitive at the specified acidity. A yellow 
color is produced both with Fe concentrations in excess of 1 mg. per liter, and with 
V. The V color fades rapidly to negligible proportions within 10 min., however. 

Low chromate results may be obtained after storage in glass or polyethylene 
bottles. Therefore, promptness is desirable in undertaking the determinations of 
hexavalent and total Cr. Unscratched glassware cleaned with HC1 or HNO a should 
be reserved for this determination to guard against contamination from ad- 
sorbed Cr. 

Reagents. Deionized Distilled Water or Redistilled Water.— These should be 
used for the preparation of all solutions and dilutions. 

Standard Chromium Solution.— (a) Dissolve 0.1414 g. K 2 Cr 2 0 7 , dried at 1I0°C., 
in water and dilute to 1000 ml. (b) Dilute 20.00 ml. stock solutipn to 1000 ml. to 
form a standard solution containing 0.001 mg. hexavalent Cr per 1.00 ml. Prepare 
the standard solution daily. 

s-Diphenylcarbazide Reagent.— (a) Dissolve 0.2 g. s-diphenylcarbazide (also called 
1,5-diphenylcnrbohydrazide) in 100 ml. 95% ethyl or isopropyl alcohol, (b) Cau- 
tiously mix 40 ml. concentrated H 2 S0 4 with 360 ml. water, (c) Combine solutions 
(a) and (b). The efrigerated solution is usable for a month, even though the 
color changes from colorless to tan. 

Sodium Sulfite Solution, 1.26 g. per 100 ml.— Use 1 ml. to reduce 3.4 mg. hexa- 
valent Cr to the trivalent state. Prepare daily. 

Sodium Azide Solution, 0.5 g. per 100 ml. 

Sulfuric Acid, 1 + 1. 
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Potassium Permanganate, 0 1 A 

Procedure Determination of Hexavalent Chromium— If necessary clarify the 
sample by centrifuging Pipet a sample volume containing 0 0003 to 0010 ra* 
hexavalent Cr into i oO ml Aessler tube or volumetric flask Prepare a senes of 
visual sttndards m the Cr range 0 00015 to 0 010 mg Alternatively prepare the 
photometric calibration curve from Cr standards in the range 000025 to 0 020 
for absorbance readings in a a cm cell and 0 010 to 0 100 mg for a 1cm cell 
Dilute the blank standards and simple to 50 0 ml mix add 2 5 ml s-diphenyl 
carbazide reagent and again mix thoroughly Measure the absorbance at 510 m*i 
or make the visual comparison within 5 to 15 mm of the reagent addition 

Determination of Total Chromium Pipet a sample volume containing 00003 
to 0 010 mg Cr into a flask and add 5 ml 1 + 1 H_S0 4 and 1 ml Isa^S0 3 solution 
■Mter 10 mm standing insert 3 glass beads or Berl saddles evaporate to fumes 
md fume for 15 min or until clear Cool to room temperature and careful!) 
dilute to 50 to 80 ml Bring to a boil and add enough 0 1 A KMh 0 4 drop b) 
drop to insuie a pink color throughout the 10 min boiling period As the boilm® 
continues add the NaN, solution dropwise until the KMn0 4 color is discharged 
Make the final AaN 3 additions 2 min apart to avoid introducing an excessive 
amount of the reductant Cool to room temperature and transfer the clear and 
colorless solution to a 50 ml Nessler tube or volumetric flask 

If necessary remove any suspended matter by filtration under suction through 
i sintered glass filter Use a filter of coarse porosity for colorless solutions and of 
medium porosity nhen ftln0 2 precipitate is present Collect the filtrate m a 
100 ml Nessler tube or volumetric flask to permit adequate washing of the filter 

Develop the color with s diphen)lcarbazidc reagent, and complete the detenm 
nation as described for hexavalent Cr Prepare the photometric calibration curve 
by cirrying a blank and Cr standards through the entire procedure 

Hexavalent or total Cr milligrams per liter 

milligrams of hexavalent or tot al Cr X 1000 
milliliters of sample 

COLOR 2 

Hie color method is based on the visual comparison of the water sample with 
a senes of artificial standards The method is applicable to most natural waters 
even though the shadings of some samples may vary somewhat from the standards 
The standard unit is the color produced h) 1 mg of platinum in association with 
0 5 mg of cobalt in I liter of solution 

True color is due to dissolved organic material while apparent color results 
from the additional presence of suspended matter For this reason the apparent 
color is higher than the true color 

No universally acceptable method for removing turbidity is available Cetitrifu„ 
mg should be tried first and in ns failure to eliminate particles of small size 
filtration through paper or coagulation may be resorted to despite the known 
hazards of color removal The method of turbidity removal should be identified 
in the report along with the color readings obtained On account of these seven 1 
considerations the results must be regarded as approximate In spite of the di 

33 Lecher V ] Am Haler It arts Assn 48, 2.9a 1956 
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ficulties imposed by turbidity, die measurement of color is a useful procedure in 
the control of water treatment. 

Stock Color Solution— Dissolve 1.246 g. K 2 PtCl G and 1 g. CoC 1 2 -6H 2 0 in distilled 
water containing 100 ml. concentrated HC1, and dilute to 1000 ml. with distilled 
water. This solution bears 0.500 g. Pt and 0.25 g. Co, and has a color value of 
500 units, or 1.0 ml. = 0.5 unit. Platinum may be substituted for die K 2 PtCl c by 
dissolving 0.500 g. of the pure metal in aqua regia by means of heat. The HNO a 
is removed by repeated evaporation to dryness on a water bath after adding excess 
concentrated HC1. The residue is then dissolved along with 1 g. CoC 1 2 -6H 2 0 in 
the prescribed manner. 

Procedure. Preparation of Permanent Color Standards in the Range of 5 to 
70 Units.— Place 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 6.0, and 7.0 ml. stock 
color solution in 50-ml., tail-form Nessler tubes, and dilute to the mark with 
distilled water. Protect the standards from evaporation and contamination when 
not in use, and store away from strong light. 

Sample Evaluation.— Fill the Nessler tube to the 50-ml. mark with the clear 
water sample, and compare the color with the standards by looking downward 
through the tubes against a pure white surface. If the color exceeds 70 units, 
dilute the sample with known proportions of distilled water until the color falls 
within the range of the standards. Record the color units within the ranges 1 to 
50, 51 to 100, 101 to 250, and 251 to 500 to the nearest 1, 5, 10, and 20 units, 
respectively. 

SPECIFIC CONDUCTANCE 2 - 11 - 21 

Standard Potassium Chloride Solution, 0.0100 N.— Dissolve 0.7456 g. KC1, dried 
overnight at 110°C., in freshly boiled and cooled redistilled water, and dilute to 
1000 ml. The specific conductance of this standard reference solution is 1411.8 
micromhos per cm. at 25.0” C. 

Procedure— Select tubes of the proper dimensions to hold sufficient liquid for 
use with the available conductance cell. Place 4 tubes of standard 0.0100 N KC1 
and 2 tubes of each water sample in a water bath adjusted at 25°C. for 30 min. 
Rinse the conductance cell in 3 of the KC1 tubes, and measure the resistance, R v 
of the solution in the fourth tube. Rinse the conductance cell very thoroughly 
with the water sample in the first tube, and record the reading, R n , on the water 
in the second tube. Also observe to the nearest 0.1 °C. the temperature of each 
standard and sample being measured. 

Specific conductance in micromhos per cm. = ^ 

where R\ = resistance in ohms of the standard 0.0100 N KC1 at 25.0°C., and 
= resistance in ohms of the water sample at 25.0°C. 

Routine resistance measurements can be made with sufficient precision and ac- 
curacy in die temperature range from 20” to 30” C. In such a case, the changing 
resistances, lip of the standard 0.0100 N KC1 are measured throughout the operat- 
ing temperature range used in the given laboratory-. A graph is plotted of the 
resistance in ohms versus temperature in degrees C. This graph is then consulted 
for the resistance of the 0.0100 N KC1 at the temperature at which the water 
sample, R 2 , is measured, and substituted in R 1 of the preceding equation. 

Wilcox, L. V., J. Am. Water Works Assn., 42, 775, 1950. 
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COPPER 2 '•> 

The following interferences affect the cuprethol method 2 mg per liter chro- 
mate or dichromate 5 mg per liter chromic, 10 mg per liter Pb, or manganous 
or stannic, or uranyl, 20 mg per liter ■VI or Cd or CN, or Zn, or ferric, or mercuric 
or nitrite, or stannous 50 mg per liter ferrous 100 mg per liter sulfite, and 400 
mg per liter Ca Mercurous Bi Co Ni and Ag must be absent 

All glassware should be thoroughly cleaned by treatment with concentrated HC1 
to dissohe any adsorbed Cu 

Reagents Deionized Distilled Water or Redistilled Water —These should be 
used for the preparation of all solutions and dilutions 

Standard Copper Solution —Prepare the stock solution containing 0 100 mg Cu 
per 1 00 ml from the pure metal as described m (a) or from the salt as described 
in (b) 

(a) place 0 1000 g Cu foil in a beaker and dissohe in 3 ml concentrated Hh0 3 
and 3 ml water After dissolution add 1 ml concentrated H 2 S0 4 and expel the 
acids by heating Stop just short of complete dryness, take up the cooled residue 
in water and dilute to 1000 ml 

(b) Dissohe 0 3930 g CuS0 4 5H_0 in water and dilute to 1000 ml 

(c) Dilute 50 00 ml stock solution (a) or (b) to 1000 ml to form a standard 
solution containing 0005 mg Cu per 1 00 ml Prepare daily 

Cuprethol Reagent.— (a) Dissohe 4 g diethanolamine in 200 ml methyl alcohol 
Refrigerate and prepare monthly (b) Dissolve 3 0 ml CS 2 in 200 ml methyl 
alcohol Refrigerate and prepare monthly (c) Mix equal \olumes of solution 
(a) and (b) to form the cuprethol reagent Stopper tightly to maintain stability 
for a week Discard the reagent that causes a turbidity on addition to a dear Cu 
solution 

Sodium Pyrophosphate Decahydrate Solution, 30 g per liter 

Sodium Acetate Solution —Dissolve 400 g NaC 2 H 3 0 2 3H 2 0 m 600 ml water 
by heating 

Methyl Alcohol. 

Isoamyl Alcohol 

Ethyl Alcohol. 

Hydrochloric Acid, 1 + I. 

Procedure —Pi pet 2 portions of the sample, containing less than 0 05 mg Cu 
into beakers, and dilute to 100 ml if necessary When the sample contains color 
or turbidity use the second portion as a sample blank to which all reagents are 
added except cuprethol Substitute 2 ml methyl alcohol for the cuprethol in this 
situation 

Prepare a blank and a senes of Cu standards in 100 ml volume with the follow 
ing quantities of standard solution (c) 0, 0 50, 1 00, 2 00, 3 00, 4 00, 6 00, 8 00, and 
10 0 ml Treat the blank and standards exactly as the sample throughout the 
procedure Mixing after each addition, introduce 0 5 ml 1 + 1 HCl (omit the 
HCI if used previously for sample preservation), 2 ml. Na 4 P 2 0f solution, and 
enough NaC 2 H 3 0 2 solution (frequently 10 ml suffices) to adjust the pH range to 
5 to 6 After 5 mm add 1 ml cuprethol reagent (c) Within 10 to 30 rain^ tea 
the absorbance at 435 m M m a 5 cm cell, or visually match the colors in Nessler 
tubes Set the photometric null of each sample with the special sample blank 

23 W oelfel, W C , Anal Chera , 20, 722. 1948 
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Extraction Finish— For visual determinations on turbid samples, add 5 ml. iso- 
amyl alcohol, and extract the developed color by inverting the Nessler tube for 
3 min. Compare the colors in the organic layers of the sample and the standards. 
If necessary, break up any emulsion by gently stirring a few drops ethyl alcohol 
into the organic layer with a glass rod. 

Simplified Field Determination— When interfering ions are absent, the ferrous 
and ferric concentrations do not exceed 0.6 mg. per liter and 0.3 mg. per liter, 
respectively, and the pH range falls between 1.5 and 9, add 1 ml. cuprethol reagent 
(c) to 100 ml. sample, mix, and compare immediately against simultaneously pre- 
pared standards. 

milligrams of Cu X 1000 

Cu, mdligrams per liter = — — ; : 

r milliliters of sample 

CYANIDE 2 - 2 « 

Although distillation fails to control all interference, the benefits in many situa- 
tions are such that omission should never be considered unless the CN results are 
shown to be identical, both with and without distillation. Most complex cyanides 
are converted to simple CN by distillation, conversion to simple CN being hastened 
in the presence of HgCl 2 and MgCL,. Analytical precision is questionable unless 
all cyanides are, or have been, converted to simple CN. Complexed cyanides vary 
in analytical response from those, like Zn and Cd, that approach the behavior of 
simple CN, to relatively stable complexes such as Co, certain cuprous and cupric 
complexes, and possibly others that are not likely to yield quantitative results 
with current methods. Results are affected by time and conditions existing during 
complex formation because a stable complex may require appreciable time to form. 
For this reason, 2 reflux-distillation periods are recommended to classify the type 
of CN in the original sample. If no detectable CN is recovered during the second 
hour of reflux-distillation, the sample contains simple CN or easily hydrolyzed 
complexed cyanides. Analytical recovery is likely to be good. If a measurable 
quantity of CN appears during the second hour of reflux-distillation, relatively 
stable complexed cyanides are present and analytical recovery is likely to be low. 

The following interferences should be removed before distillation is undertaken. 
Sulfide should be completely precipitated by treating the alkaline sample at pH 
11.0 with small amounts of PbC0 3 , filtering, and washing the precipitate. Oxidants 
should be reduced with Na 2 SO g (12.6 g. per liter) until a negative test is obtained 
with starch-iodide paper. Samples containing fatty acids should be acidified to 
pH G to 7 with acetic acid, and then quickly extracted with isooctane, hexane, 
or CHC1 3 (listed in the order of preference) with a solvent volume equal to one- 
fifth of the sample volume. 

Thiocyanate is a major interference in the direct colorimetric determination. 
Cyanate, glycine, urea, and other compounds that can hydrolyze to form CN dur- 
ing the analysis are lesser interferences. Color- and turbidity-forming agents also 
interfere in the colorimetric method. Since the colorimetric procedure is affected 
by the sample’s buffering capacity, distillation offers a simple means of coping with 
this important variable and such interferences as thiocyanate, cyanate, glycine, 
urea, and turbidity. 

Samples that cannot be analyzed promptly should be treated with NaOH to 

so Ludzack, F. J„ el al, Anal. Chem., 26, 1784, 1954. 
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raise the pH to 11 0 or higher refrigerated, and the determination begun as soon 
as possible 

Reagents for Distillation Mercuric Chloride Solution, 8 g per 200 ml 
Magnesium Chloride Hexahydrate Solution, 51 g per 100 ml 
Sulfuric Acid Concentrated 
Sodium Hydroxide, 1 2V 

Reagents for Titnmetnc Method Standard Silver Nitrate Tnrant, 0 01921V- 
Dissolve 3 261 g AgN0 3 and dilute to 1000 ml with distilled water Standardize 
as described in Chloride above p 2414 against standard NaCI solution and 
k 2 Cr0 4 indicator The equivalence of 0 0192 A AgNO a is 100 mg CN per 

1 00 ml 

p Dimethylaminobenzalrhodamne Indicator, 0 02 g + 100 ml acetoiie 
Sodium Hydroxide, 1 N 

Reagents for Colorimetric Method Standard Cyanide Solution —(a) Dissohe 

2 51 g KCN in distilled water ind dilute to 1000 ml Standardize weekly by dilut 
mg 10 00 ml stock kCN solution to 250 ml with distilled water, adjusting the 
pH to 11 0 or abo\e with 1 N NaOH adding 0 5 ml p dimethylammobenzalrhoda 
nine indicator and titrating with standard 0 0192 A AgNO a to the first change in 
color from canary yellow to a salmon tint Determine the titration blank required 
for the same volumes of 1 N NaOH and distilled water Calculate the CN content 
of the stock solution by the following equation 


CN, milligrams per liter 


(A — B) X 1000 
milliliters of KCN taken 


where A = milliliters of titration for KCN aliquot 
B = milliliters of titration for blank 


(b) Dilute 10 00 ml stock solution with distilled water to 1000 ml for an inter 
mediate dilution (c) Then dilute 10 00 ml intermediate dilution to 100 ml to 
form a standard solution containing 0 001 mg CN per 1 00 ml Prepare the inter 
mediate and standard solutions daily 

Mixed Pyridine Pyrazolone Reagent —(a) Add 1 5 g 1 phenyl 3 methyl o pyraz 
done in 250 ml hot distilled water Stir as the solution cools to room temperature 
(b) Dissohe 0 025 g bis pyrazolone [3,3 dimethyl 1,1 diphenyl (4,4 bi 2 pyrazolene) 
5 5 dione] in 25 ml pyridine by stirring for several minutes Prepare daily (c) 
Mix 12a ml solution (a) with all of solution (b) Prepare daily 

Cfiforamine T" Solution —One g -f fOu mf d'is tiffecf water Prepare liitty Rejort 
any dry reagent that fails to dissohe promptly upon mixing in the designated 
volume of water 

Disodium Hydrogen Phosphate Solution —Five g Na 2 HP0 4 + 100 ml distilled 
water 

n Butyl Alcohol 

Acetic Acid, 1 + 4 

Sodium Hydroxide, 6 N 

Procedure Distillation 2T — Assemble the distillation apparatus as shown m Fig 
48 5 Pour 50 ml 1 N NaOH into the gas washer of 100 to 250 ml liquid capacity 
and if necessary, dilute with distilled water to cover the spiral D Connect the 
entire train including a trap £ to a water aspirator, F, and adjust the suction to 

2" Serfass E J ,et al , Plating 39, 267, 1952 
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maintain an air-flow rate through the unit just below the point of bubble coales- 
cence in the spiral, D. Approximately 1 bubble per second is satisfactory. In 
the case of a potable water meeting USPHS drinking water standards for CN, 
take a sample volume of 500 ml. and add to the 1-liter boiling flask, B. Use a 
smaller aliquot diluted to 250 ml. if the sample contains more than 10 mg. per 
liter of CN. Through the air-inlet tube, A, add 20 ml. HgCL, solution and 10 ml. 
MgCl 2 solution. Wash the tube with distilled water, and allow the air flow to 



mix the flask contents for 3 min. Slowly and carefully introduce 5 ml. concen- 
trated H 2 S0 4 into the distilling flask. Again wash the air-inlet tube with distilled 
water. Heat the flask at a rate that will not cause expansion of trapped air, 
thereby producing an unusual rise of liquid into the air-inlet tube. Then adjust 
the heating to secure a good reflux rate without forming a condensation line 
above one-quarter of the condenser, C. If the initial heating rate is excessive, and 
the liquid backs up into the air-inlet tube, stop the heating and cool the flask 
momentarily. After refluxing and distilling for 1 hr., turn off the heat, but main- 
tain the air flow for an additional 15 min. Open the pinch clamp and drain the 
gas washer contents into a 250-ml. volumetric flask, and dilute to the mark by 
washing the scrubber. Refill the gas washer with another charge of 50 ml. 1 N 
NaOH. Repeat the reflux-distillation on the same sample for an additional 1-hr. 
period. Determine the CN concentration of both distillates first by the titrimetric 
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method to ascertain the order of magnitude, and then colorimetrically, when the 
CN concentration is low 

Titrimetric Method **— Select a distillate or sample volume that will require 
less than 10 ml titrant When the CN content falls below 50 mg per liter, transfer 
200 ml distillate or simple to a flask or white porcelain casserole If necessary 
add 1 N NaOH to the sample until the pH exceeds 1 1 Introduce 0 5 ml p-di 
methylaminobenzalrhodamne indicator, and titrate with standard 0 0192 ,V AgNO 
until the initial canary yellow changes to a salmon hue If the titration interval 
exceeds 5 to 5 mm , replenish the indicator in order to replace the amount decora 
posing in the high pH medium Determine the titration blank required for the 
same \olumes of 1 A NaOH, indicator, and distilled water 

„ , (A - B) X 1000 C 

CN, milligrams per liter =* — — ; r X — 

milliliters of sample D 

where A = milliliters of titration for distillate or sample, 

B = milliliters of titration for blank 

The ratio C/D applies only when a sample is distilled, the volume is then made 
up to C and an aliquot, D, is taken from it for titration 
Colorimetric Method 29 — Select a distillate aliquot or sample tolume containing 
0 0002 to 0 001 mg CN In the case of a potable water, free of interference and 
meeting USPHS drinking water standards for CN, measure a sample tolume of 
15 0 ml into a 25 by 20cm test tube Prepare a blank and a series of CN 
standards (0 0002 0 0001 0 0006 0 0008, and 0 0010 mg) in test tubes of the same 
size Treat the blank and standards exactly as the sample throughout the proce 
dure Neutralize the sample or distillate blank and standards with 1+4 uetic 
tcid or 6 A NaOH to pH 6 to 7 Add 0 2 ml chloramine T solution cap with 
a clean rubber stopper and mix by inserting several times After 2 min add 
5 0 ml mixed pyridine pyrazolone reagent (c), stopper, and mix by inversion 
Dilute to 25 0 ml with distilled water and mix again Following 20 mm of color 
development read the absorbance at 620 mu in a 1 cm cell 

Increase the sensitivity of the determination, and overcome turbidity interference 
by extracting the color as follows after 20 min of color development, add 1 ml 
Nd_HP0 4 and 10 ml of carefully measured n butyl alcohol, stopper the tube 
and mix by inversion, add more Na 2 HP0 4 solution if the emulsion fails to break 
within 1 to 5 min , anil mix again, measure the absorbance of the alcohol layer at 
030 m/x, vary the sample and butyl alcohol volumes to increase the sensitivity still 
more 


CN, milligrams per liter = 


A X 1000 „ B 

milliliters of sample C 


where A = milligrams of CN found photometrically. The ratio B/C applies when 
a sample is distilled, the volume then made up to B, and an aliquot, C, is taken 
from it for color development 


*9 Ryan J A .and Culshaw.G W Analyst, 69, 370, 1914 

2» Epstein, J , Anal Chera , 19, 272, 1947 
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FLUORIDE - 

Because the colorimetric methods for F are susceptible to color, turbidity, and 
chemical interference, distillation of unfamiliar waters is advisable for a reliable 
determination. The distillation should be arrested before the temperature exceeds 
180°C., otherwise serious S0 4 carry-over will result. 

Two methods of color development and measurement are described. The visual 
method entails a 1-hr. color development period, whereas the color produced in the 
second method can be measured photometrically without any delay. Temperature 
and the measurement of the reagents play critical roles in the color development 
by both the visual and photometric methods. The blank, F standards, and sample, 
therefore, should be adjusted to the same temperature before the reagents are 
introduced with volumetric pipets. Residual chlorine interferes seveiely in both 
the visual and photometric methods, and must be eliminated with NaAsOo or 
Na 2 S 2 0 3 . The addition of Na 2 S 2 0 3 should be kept below 100 mg. per liter, in 
order to prevent the formation of an interfering colloid or precipitate. The 
visual zirconium-alizarin method is affected by the following interfeiences in the 
indicated concentrations: 400 mg. per liter alkalinity as CaC0 3 , 0.25 mg. per liter 
trivalent AI, 2000 mg. per liter Cl, 2 mg. per liter ferric ion, 1.0 mg. per liter 
(NaPO 3 ) 0 , 5 mg. per liter P0 4 , and 300 mg. per liter S0 4 . The photometric 
method is affected by the following interferences in the specified amounts: 5000 
mg. per liter alkalinity as CaC0 3 , 0.1 mg. per liter trivalent Al, 10 mg. per liter 
ferric ion, 7000 mg. per liter Cl, 1.0 mg. per liter (NaP0 3 ) G , 16 mg. per liter P0 4 , 
and 200 mg. per liter S0 4 . In both methods the first 3 substances listed depiess 
the true F reading by 0.10 mg. per liter, while the remaining 4 substances increase 
the F by 0.10 mg. per liter, when the F is determined at the 1.0 mg. per liter level. 

Reagents. Standard Fluoride Solution.— (a) Dissolve 0.2210 g. NaF, dried at 
105°C., in distilled water, and dilute to 1000 ml. (b) Dilute 100.0 ml. stock solu- 
tion to 1000 ml. with distilled water, to give a standard solution containing 0.010 
mg. F per 1.00 ml. 

Sodium Arsenite Solution, 5.0 g. NaAsOo per liter. 

Sulfuric Acid, Concentrated. 

Silver Sulfate. 

Reagents for Visual Method. Mixed Zirconium-Alizarin Reagent.— (a) Add 101 
ml. concentrated HC1 to 300 ml. distilled water. Carefully add 33.3 ml. concen- 
trated H 2 S0 4 to 400 ml. distilled water. Mix the 2 solutions after both have cooled, 
(b) Dissolve 0.30 g. Zr0Cl 2 -8H 2 0 in 50 ml. distilled water. Dissolve 0.07 g. 
sodium alizarin monosulfonate (also called Alizarin Red S) in 50 ml. distilled water, 
and slowly stir into the zirconium solution. After the mixed solution clears, add 
solution (a), and dilute to 1000 ml. with distilled water. Mix thoroughly and 
use after the reagent color changes from red to yellow within an hour. Store 
away from direct sunlight. 

Reagents for Photometric Method. Mixed Reagent for Photometric Determi- 
nation.— (a) Dissolve 0.958 g. 4,5-dihydroxy-3-(p-sulfophenylazo)-2,7-naphthalenedi- 
sulfonic acid trisodium salt in distilled water and dilute to 500 ml. (b) Dissolve 
0.133 g. Zr0Cl 2 -8H 2 0 in 25 ml. distilled water, add 350 ml. concentrated HC1, and 
dilute to 500 ml. with distilled water, (c) Prepare the mixed reagent from equal 
volumes of solutions (a) and (b). (d) Prepare the photometric reference solution 
by mixing 10 ml. solution (a), 103 ml. distilled water, and 7 ml. concentrated HC1. 



WATER ANALYSIS 


2432 


Procedure Distillation 30 — Use the borosihcate glass distillation apparatus illus 
trated in Fig 48 6 however, replace die 24/40 glass stopper on the distilling flask 
ssi th a rubber stopper holding a thermometer that reads in the 180°C range, and 
is immersed in the acid solution at all times Measure 400 ml distilled water into 
the 1 liter distilling flask, together with 25 to 33 

0 glass beads Carefully introduce with mixing 

200 ml concentrated H 2 S0 4 and make certain 



Fic 48 <? Distill iiion Appaiatus 
for Fluoride Phenol Selenium 
Ammonia and Albuminoid Ni 
trogtn Determinations (The II 
histruted Iheimometu in tht 
Flask is Requited Only m the 
Fluoride Determination The 
Rubber Stopper Conmmng the 
I hermometer Can be Replaced 
with a Glass Stopper lor the 
Other Distillations) 


that the water and acid ate homogeneously dis 
persed Insert into the flask the rubber stopper 
with the thermometer, and distill until the tem 
perature of the flask contents reaches 179°C hut 
guard against a penetration beyond I80°C Re 
ject die distillate 

After the flask contents cool to 120°C or loner 
add 300 ml sample to the distilling flask, and mix 
the acid and sample completely with a stirring 
rod Precipitate interfering amounts of chloride 
in the sample by adding solid Ag 2 S0 4 at the rate 
of 5 mg AgjS0 4 per mg Cl Resume distillation 
until the temperature of the flask contents again 
reiches 179°C but does not exceed 180°C Col 
lect and sa\e the distillate 

Use the H 2 S0 4 solution in the flask repeatidh 
until interferences appear in the distillate Check 
periodically for this possibility by distilling known 
F solutions After the distillation of high F 
simples flush the entire apparatus by distilling 
300 ml distilled water before undertaking a 
sample of low F content 

Visual Color Matching Method. 31 3 —Select a 
distillate aliquot or a volume of clear sample ton 
taming 0 010 to 0 140 mg F Reduce any residuil 
chlorine in the sample by adding 1 drop (0 03 ml) 
or more NaAsO, solution If necessary, dilute 
with distilled water to the mark of a 100ml iNess 
ler tube In 100 ml Nessler tubes prepare a senes 
of F standards in the 0000 to O'l4'0 mg range xu 
that the sample falls within 0 005 mg of the F 
standard immediately above 3nd the F standard 


immediately below Bring the standards and the dear sample to room temperatuie 
and maintain a constant temperature (±2°C ) throughout the color development 
period With a volumetric pipet add 5 ml mixed zirconium alizarin reagent (b) 
mtx. well, and match the sample with the standards after 1 hour 

Photometric Method 33 -Select a distillate aliquot or a volume of clear sample 
containing 0 005 to 0 070 mg F Reduce any residual chlorine in the sample y 
adding I drop (0 05 ml ) or more NaAsO 2 solution If necessary, ddute with 15 


3 « Re Hack, E , J Am Water Works Assn , 50, 530 1958 

31 Sanchis J M , Ind Eng Chem , Anal Ed , 6, 134, 1934 

32 Scott RD ] Am V. a ter Works Assn 33,2018,1911 

3 * Bcllack F and Schouboe P J Anal Chem , 30, 2032, 1958 
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tilled water to 50.0 ml. Prepare a blank and a series of F standards (0.010, 0.030, 
0.050, 0.060, and 0.070 mg.) in 50.0-ml. volume with distilled water. Treat the blank 
and standards exactly as the sample throughout the procedure. Bring the blank, 
standards, and sample to the same temperature. With a volumetric pipet add 10 
ml. mixed reagent for photometric determination (c), mix well, and read tire ab- 
sorbance at 570 mu in a 1- or 2-cm. cell against the photometric reference solu- 
tion (d). 

A X 1000 B 

F, milligrams per liter = — — — — X — 

milliliters of sample C 

where A = milligrams of F found visually or photometrically. The ratio B/C ap- 
plies only when a sample is distilled, the volume then made up to B, and an 
aliquot, C, taken from it for color development. 

GREASE AND OILY MATTER 

No standard method for oil and grease is described here because of the impossi- 
bility of specifying a solvent that is capable of extracting all important oils, greases, 
and waxes. 


HARDNESS 2 .“ 

Calculation of the hardness from the individual gravimetric determinations re- 
mains the generally accepted method. The concentration of each hardness-produc- 
ing cation is converted to the equivalent CaCO s concentration, and the resulting 
CaC0 3 concentrations are then totaled. The following factors must be multiplied 
by the determined concentration (milligrams per liter) of the indicated cation to 
obtain the CaC0 3 equivalent in milligrams per liter: Ca, 2.497; Mg, 4.116; Sr, 
1.142; Fe, 1.792; Al, 3.710; Zn, 1.531; Mn, 1.822. The report should show which 
cations were involved in the computation of the total hardness. The total hard- 
ness may represent the CaCO s equivalent of only Ca and Mg, or all or some of the 
cations cited above. 

COMPLEXOMETRIC METHOD u. is , 35 

When a 25-ml. sample is diluted to 50 ml. with distilled water, the following in- 
dividual interferences in the specified concentrations can be tolerated in the pres- 
ence of one of the 3 common inhibitors. In the presence of 0.25 g. NaCN the 
maximum tolerable concentrations are more than 30 mg. per liter for Cu or Fe, 
more than 20 mg. per liter for Co or Ni, and 20 mg. per liter for Al, while man- 
ganous ion titrates like hardness. In the presence of 1 ml. Na„S solution, the 
maximum tolerable concentrations are 200 mg. per liter for Zn, 20 mg. per liter 
for Al or Cd or Cu or Pb, 10 mg. per liter for polyphosphate, 5 mg. per liter for 
Fe, 1 mg. per liter for manganous ion, and 0.3 mg. per liter for Co or Ni. In the 
presence of 1 ml. NFTOI-I -HC1 solution the maximum tolerable concentrations 
are 20 mg. per liter fcrr A'l or Fe, Ting, perirter'for'manganous ion, 0.3 mg. per 
liter for Cu, while Co and Ni must be absent. Barium and Sr titrate as hardness 
in the presence of all 3 inhibitors. 

Cadmium, Pb, and Zn titrate like hardness in the presence of NaCN or 
NHoOH-HCl. The higher oxidation states of Mn can be reduced to the manga- 

34 Betz, J. D„ and Noll/C. A ; , J. Am. Water Works Assn., -42, 49, 1950. 

ss Diehl, H„ Goetz, C. A., and Hach, C. C., J. Am. Water Works Assn., 42, 40, 1950. 
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nous form by NH 2 OH*HCl reagent Manganous interference can then be elinu 
nated by the addition of 1 or 2 small crystals of K 4 Fe(CN) 6 before the titration u 
undertaken 

All the prepared solutions are subject to deterioration, and should be kept 
tightly stoppered A poor or off color end point suggests the need of an appro- 
priate inhibitor or the replacement of an old batch of indicator. The titration 
should be performed at room temperature to avoid the slow reaction occurring at 
cold temperatures and decomposition of the indicator in hot water Moreover, the 
titration should be completed within 5 min to prevent CaC0 3 precipitation at a 
pH of 10 0 to 10 1 Sample volumes of 100 to 1000 ml can be taken when the 
hardness falls below 100 mg per liter CaC0 3> in which case the reagent volumes 
can be proportionately increased above those cited in the procedure Samples of 
known excessive hardness can be determined by adding 90% or more of the EDTA 
titrant before the pH is adjusted to 10 0 to 10 1 with the buffer 
Reagents Standard EDTA Titrant, 0.01 M (0 02 N ).~ Dissolve 3 72 g disodiura 
ethylenediaminetetraacetate dihydrate (EDTA), and dilute to 1000 ml with dis- 
tilled water Standardize against standard Ca solution under exactly the same 
conditions (similar volumes of buffer, final solution, and indicator quantity) as for 
the titration of water samples Pipet a volume of standard Ca solution that ap 
proximates either the average or median (whichever is applicable) hardness usually 
prevailing in the water samples determined in the particular laboratory The 
equivalence of 0 01 ilf (002 N) EDTA titrant is 1 00 mg CaCO a per 1 00 ml 
Standard Calcium Solution —Suspend 1 000 g CaC0 3 , dried at I05°C overnight 
or longer, m 200 ml distilled water contained in a 1 liter, borosihcate-glass, volu 
metric flask Through a funnel, carefully add small amounts of 1 -f 1 HC1 until 
all the CaC0 3 dissolves Guard against the loss of CaCO a because of vigorous 
and uncontrolled effervescence After the CaC0 3 has dissolved, boil off the C0 2 
for a few minutes cool and neutralize the solution to methyl red indicator with 
3 V NH 4 OH Dilute to the mark with distilled water The equivalence of this 
solution is 1 000 mg CaC0 3 per 1 00 ml 

Buffer Solution —Dissolve 67 5 g NH,C1 m 570 ml concentrated NH 4 OH and 
dilute to 950 ml with distilled water Dissolve 3 120 g MgS0 4 7H 2 0 and 4 716 g 
disodium ethylenediaminetetraacetate dihydrate in 50 ml distilled water and add 
to the NH 4 OH NH 4 C1 solution Keep this solution tightly stoppered to prevent 
loss of NH S or absorption of atmospheric C0 2 and acid fumes 
Sodium Sulfide Inhibitor Solution.— This contains 5 0 g. Na 2 S"9H 2 0 or 37 g 
Na 2 S 5H>0 per 100 ml 

Hydroxylamine Hydrochloride Solution —Dissolve 4 5 g NH 2 OH , HCl in 100 
ml 95% ethyl or isopropyl alcohol (If desired, add 0 5 g Chrome Black T to this 
solution to make a combined inhibitor indicator solution ) 

Indicator —Either a solid (a) or a liquid (b) formulation is satisfactory, (a) Grind 
together in a mortar 0 5 g Eriochrome Black T and 100 g NaCl to a 40 to 50 mesh 
(b) Dissolve 0 5 to 1 0 g Eriochrome Black T in 100 g triethanolamine or etliylene 
glycol monomethyl ether 
Phenol jihthalem Indicator. 

Hydrochloric Acid, 1 N. 

Sodium Hydroxide, 1 N. 

Sodium Cyanide. 

Procedure —Select a sample volume (preferably 25 or 50 ml ) that will require 
less than 15 ml of titrant Pipet the sample into a white porcelain casserole or 
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flask, and dilute to 50 ml. with distilled water. (If the sample contains an inter- 
fering amount of suspended or colloidal organic matter, place the aliquot in a 
platinum dish, evaporate to dryness on a steam bath, ignite the residue at 600°C. 
until the organic material is destroyed. Take up the residue in 20 ml. 1 A 7 HC1, 
neutralize to phenolplithalein indicator with 1 N NaOH, and dilute to 50 ml. with 
distilled water.) Add whatever inhibitor may be necessary (0.25 g. NaCN, or 1 ml. 
Na„S solution, or 1 ml. NH 2 OH-HCl solution) to overcome any known interfer- 
ence, and mix. Add I to 2 ml. buffer solution, or a volume sufficient to produce 
a pH of 10.0 to 10. 1, and mix. Add 1 to 2 drops indicator solution, or 0.2 g. 
powdered indicator mixture. Stirring constantly, titrate with standard 0.01 iU 
EDTA until the last trace of purple disappears and the color turns a bright blue. 
Prepare a color comparison blank with distilled water by adding the quantities of 
inhibitor, buffer, and indicator used in the sample titration. 


CaCC> 3 , hardness as milligrams per liter = 


A X B X 1000 

milliliters of sample 


where A = milliliters of titration for sample, 

B = milligrams of CaCC >3 equivalent to 1.00 ml. of EDTA titrant. 


IRON 2- 11 

The following ions interfere in die phenanthroline method: Cr; more dian 
2 mg. per liter Ni; Cu or Co in excess of 5 mg. per liter; Zn concentrations 10 times 
greater than Fe; and large amounts of such anions as P0 4 , F, citrate, tartrate, and 
oxalate, which may retard or impair color development by complexing Fe. Molyb- 
date, Ag, Bi, Cd, and Hg are precipitated by 1,10-phenanthroline. The initial 
boiling with HC1 converts polyphosphates to P0 4 , and eliminates potential inter- 
ference from polyphosphates, cyanide, and nitrite. Interference due to small mer- 
curic and Cd concentrations can be minimized through the addition of excess 
phenanthroline. The milky condition produced by Mo can be rectified by raising 
the pH above 5.5. Augmenting the quantity of NH 2 OH-HCl may correct the 
deleterious effect of strong oxidants. 

The Fe range of the method may be extended by increasing the volume of 
phenanthroline reagent applied. Thus, 10 ml. phenanthroline reagent will enable 
Fe determinations up to 0.5 mg. in 100 ml. of final solution. Stoppered color 
standards prepared for visual comparison in Nessler tubes are stable up to 3 months 
when protected from strong light. All glassware should be thoroughly cleaned by 
treatment with concentrated HC1 to dissolve any adsorbed Fe. 

Reagents. Standard Iron Solution.— Prepare the stock solution containing 0.200 
mg. Fe per 1.00 ml. from the pure metal as described in (a) or from Mohr’s salt as 
described in (b). (a) Dissolve 0.2000 g. clean Fe wire in 20 ml. 6 A r H„S0 4 , and 
dilute to 1000 ml. with distilled water, (b) Dissolve 1.404 g. Fe(NH 4 ) o (S0 4 ) o -6H.,0 
in 50 ml. distilled water and 20 ml. concentrated H 2 S0 4 , add 0.1 A 7 K.Mn0 4 drop- 
wise to impart a faint but persistent pink color, and dilute to 100 0 ml. with dis- 
tilled water, (c) Dilute 50.00 ml. stock solution to 1000 ml. with distilled water 
to form a standard solution containing 0.010 mg. Fe per 1.00 ml. Prepare daily, 
(d) Dilute 5.00 ml. stock solution to 1000 ml. with distilled water to form a stand- 
ard solution containing 0.001 mg. Fe per 1.00 ml. Prepare daily. 

1,10-Phenanthroline Monohydrate Reagent.— Dissolve 0.1 g. in 100 ml. distilled 
water containing 2 drops concentrated HC1. Not more titan 0.1 mg. Fe can be 
determined satisfactorily with 1 ml. of this reagent. 
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Ammonium Acetate Buffer Solution — Dtssohe 2a0 g NH 4 C_fi 3 0 2 in loO ml 
distilled water add 700 ml glacial acetic acid and dilute to 1 liter 
Hydroxy lanune Hydrochloride Solution 10 g per 100 ml 
Hydrochloric Acid Concentrated 

Procedure Preliminary Sample Treatment Total h on —Measure £ portion 
well mixed sample containing 0 00a to 0 1 mg Fe into 12a ml flasks or beakers. 
\\ hen the sample contains color or turbidity use the second portion as a sample 
blank to which all reagents are added except the phenanthrolme Substitute dis- 
tilled water for the phenanthrolme m this situation 
If necessary remove interfering amounts of color or organic matter by wet 
ashing as described under Cadmium p 2408 abo\ e or dry aslung at temperatures 
not exceeding 700° C Carry a reagent blank through the same procedural steps 
Dissolved lion —Decant the supernatant from a settled sample and pass through 
a cellulose acetate membrane filter or an ashless fine textured retentne filter 
paper Reject the initial 2o ml filtrate Pipet a volume of the filtrate containing 
0 00a to 0 1 mg Fe into a 12a ml flask or beaker 
Color Development —Prepare a series of visual standards by measuring the fol 
lowing amounts of standard Fe solutions (d) and (c) into 125 ml flasks or beakers 
0 0 00a 0 010 0 020 0 030 0 040 OOaO 0 060 0 070 0 080 and 0 100 mg Alter 
namely prepare the photometric cahbrition curse from the following Fe stand 
ards 0 0 010 0 020 0 030 0 040 and 0(b0 mg for absorbance readings in a 
5 cm cell and a final solution solumc of 50 ml and 0 0 0o0 0 100 0 150 0 200 
and 0 2o0 mg for a 1 cm cell Dilute the blank and standards in 12a ml flasks or 
beakers to 50 ml with distilled water 

To the total Fe or dissolsed Fe sample blank and Fe standards add 2 ml con 
centrated HC! 1 ml NH 2 OH HC1 solution several beads and boil until the 
volume is reduced to 15 to 20 ml Transfer the cooled solution to a 50 or 100 ml 
volumetric flask or Nessler tube add 10 ml NH 4 C H^O buffer and a ml 1 10 
phenanthrolme reagent dilute to the mark with distilled water and mix vsell 
After 10 to 15 min read the absorbance at 510 mu or visually match the colors in 
100 ml tall form Nessler tubes Set the photometric null of each sample with the 
special sample blank 

Ferrous Ion —Develop the color at the time of sample collection as described in 
Collection of Samples p 2393 above Read the absorbance at 510 mu or 
visually match the colors in 100 ml Nessler tubes Calculate the sample volume 
as follows 


Ferrous sample volume = total volume of bottled sample including reagents — 
added reagents 


Fe milligrams per liter = 


milligrams of Fe X 1 000 
milliliters of sample 


15 ml 


LEAD 2 

Stannous Bi and T1 ions are the principal interferences in the dithizone ex 
traction of Pb in a cyanide medium at pH 8 to 9 although these interferences 
seldom occur in potable waters The following dithizone modification is designed 
to overcome interference from nominal amounts of Cu Fe and Zn and is suitable 
for the photometric or visual determination of Pb in potable waters free from 
appreciable organic matter The sensitivity of the method requires the thorough 
cleansing of all glassware with dilute HNO a followed by rinses with Pb free water 
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and dithizone solution. A wise precaution against contamination is the segrega- 
tion of the glassware used for the Pb determination. As in the case of all dithizone 
methods, the photosensitivity of dithizone and dithizonates imposes the necessity 
for promptly performing the extractions out of the range of strong light. Carbon 
tetrachloride can be substituted for CHC1 3 as the organic solvent for the prepara- 
tion of dithizone solutions and extractions. Chloroform, CC1 4 , and reagents of a 
grade satisfactory for dithizone work should be used exclusively. 

A procedure for eliminating interfering amounts of organic matter is described 
in "General Procedure for Removal of Organic Matter Interference,” p. 2408, above, 
under "Cadmium.” 

Samples destined for extended transport to the laboratory should be preserved 
with concentrated HC1 at the rate of 5 ml. per liter of sample, to prevent serious 
adsorption losses. 

Reagents. Deionized Distilled Water or Redistilled Water.— These should be 
used for the preparation of all solutions and dilutions. 

Standard Lead Solution.— (a) Dissolve 0.1599 g. Pb(N0 3 ) 2 , dried at 110°C., in 
water with 10 ml. concentrated HNO s , and dilute to 1000 ml. (b) Daily, dilute 
10.00 ml. stock solution to 100 ml. to form a standard solution containing 0.010 
mg. Pb per 1.00 ml. (c) Alternatively, prepare the standard solution by dissolving 
0.1000 g. pure Pb metal in concentrated HN0 3 , and diluting to the proper vol- 
umes. Prepare the standard solution daily. 

Stock Dithizone Solution.— Dissolve 50 mg. diplienylthiocarbazone (dithizone) in 
1 liter CHClg. Stopper tightly and store in the refrigerator. If necessary, purify 
the dithizone as described under “Cadmium,” above. 

Standard Dithizone Solution.— Dilute 100 ml. stock dithizone solution to 500 ml. 
with CHC1 3 . Check daily for reliability, and store tightly stoppered in the re- 
frigerator. 

Ammoniacal Citrate Solution.— Dissolve 50 g. ammonium citrate in 100 ml. 
water, and adjust the pH to 8.5 to 9 with concentrated NH 4 OH. Free the solu- 
tion of heavy metal impurities by shaking with repeated 10-ml. portions stock 
dithizone solution until the final dithizone portion remains an unchanging green 
color. Then shake the solution with pure CHC1 S to extract the excess dithizone. 

Potassium Cyanide Solution, 50 g. KCN per 500 ml.— Free the solution of heavy 
metal impurities by dithizone extraction as described for the ammoniacal citrate 
solution. 

Ammoniacal Cyanide Solution.— Dissolve 40 g. KCN in 80 ml. water. Free the 
solution of heavy metal impurities by dithizone extraction as described for the 
ammoniacal citrate solution. Then add 1160 ml. concentrated NH 4 OH to the 
extracted KCN solution, and dilute to 2 liters with water. Dispense this reagent 
with a safety pipet. 

Hydroxylamine Hydrochloride Solution, 20 g. per 1 00 ml. 

Thymol Blue Indicator Solution, 0.1 g. per 100 ml. 

Hydrochloric Acid, Concentrated. 

Ammonium Hydroxide, Concentrated. 

Nitric Acid, 1 -f- 99- 

Sodium Sulfate. 

Chloroform. 

Procedure .— If necessary, first remove interfering amounts of organic matter by 
the steps described fn '"General Procedure for Removal of Organic Matter Inter- 
feience,” under .“Cadmium.”. 
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Select a sample volume containing 0 010 to 0 050 mg Pb In. the case of a 
potable water meeting USPHS drinking water standards for Pb take a minimum 
sample volume of 200 ml Prepare a blank and a series of Pb standards (0 010 

0 020 0 030 0 040 and 0 OoO mg ) with sufficient water to give a total volume of 
200 ml Treat the blank and standards exactly as the sample throughout the pro 
cedure Add 0 5 ml concentrated HC1 and evaporate to 40 ml Transfer v ith 
10 ml water to a 125 ml separatory funnel Shaking after each addition add 
10 ml ammomacal citrate solution 2 ml NH 2 OH HC1 solution 10 drops thymol 
blue indicator and enough concentrated IvH 4 OH to turn the indicator color to 
blue Add 4 ml kCN solution and carefully adjust the pH to 8 5 to 9 with 

1 + 99 HNO a signalled by the green color of the indicator Extract the solution 
with 5 ml portions stock dnluzone solution Dram off each organic layer into 
another separatory funnel until the Pb is completely removed as evidenced by the 
unchanging green color of the final dithizone portion Add 25 ml 1 + 99 HNOj 
to the combined extracts and shake vigorously for 1 min to draw the Pb into the 
aqueous layer Reject the CHC1 3 layer Treat the aqueous layer with 5 ml 
'immoniacal cyanide solution and exactly 20 ml standard dithizone solution 
Shake for 1 min and after the layers separate discard the first few milliliters of 
the organic layer Rapidly determine the absorbance at 510 to 520 m/t of the 
remaining clear CHC1 S layer from the sample and standards against pure CHC1 3 
or the reagent blank If necessary remove any water droplets from the CHC1 3 
layer by filtrat on through a small filter paper or a cotton or glass wool plug or 
a fritted glass funnel containing a 0 5 g layer of Na 2 S0 4 When a CHC1 S refer 
ence is used correct the simple result by deducting the Pb content of the reagent 
blank carried through the entire procedure For visual color matching place the 
colored organic layer m a dry 50 ml Nessler tube and compare the samples and 
standards by viewing transversely against a white background 

DU .. , A X 1000 ^ B 

Pb milligrams per liter = — — — X — 

milliliters of sample C 

vvl ere A milligrams of Pb found photometrically or visually The ratio B/C 
applies only when a large sample is digested for removal of organic interference 
the volume then made up to B and an aliquot C taken from it for color develop 
ment 


LITHIUM 2 

The entire section Flame Photometric Method under Sodium p 2478 be- 
low should be read carefully for the description of the bracketing method and 
other details pertinent to a successful flame photometric determination Boro- 
silicate glassware should be used for the storage of samples and standards because 
LiCl is occasionally used as a catalyst in the manuracture of polyethylene 
Reagents Standard Lithium Solution —(a) Weigh rapidly 0 6109 g LiCl dried 
overnight at 10a C to constant weight dissolve and dilute to 1000 ml with ds 
tilled water to form a stock solution containing 0 100 mg Li per 1 00 ml (b) Dilute 
20 00 ml stock solution to 1000 ml with distilled water to form a standard solution 
containing 2 0 mg per liter of Li 

Sodium Sulfate Sodium Carbonate Solution —Dissolve 5 g Na 2 S0 4 and 10 g 
Na 2 CO a and dilute to 1 liter with distilled water 
Procedure —Select a sample volume containing 0 0001 to 0 0015 mg L and a 
Na and Mg concentration individually under 10 mg Add 5 0 ml Na 2 SOj,Na» s 
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solution to the 50.0 ml. sample, and bring to a boil to coagulate the precipitate 
of BaS0 4 , SrC0 3 , CaCOg, and possibly MgCOg. Allow sufficient time for complete 
precipitation to avoid postprecipitation of BaS0 4 following filtration. Remove 
the precipitate by means of a double-washed retentive filter paper, wash with dis- 
tilled water, and dilute the filtrate to 50.0 ml. for the flame photometric measure- 
ment. Prepare a 1.8-mg. per liter Li standard by adding 5.0 ml. Na 2 S0 4 -Na 2 C0 3 
solution to 50.0 ml. of the 2.0 mg. per liter Li standard solution. Make direct 
intensity measurements at wavelength 671 m/i. Follow the manufacturer’s instruc- 
tions for the operation of the flame photometer at hand. Read the sample, dis- 
tilled water (0 mg. per liter Li), and the Li standard as nearly simultaneously as 
possible; taking the average of several measurements on each solution. Prepare 
additional Li standards when distilled water and the 1.8 mg. per liter Li standard 
prove insufficient for calibration purposes. Alternatively, use the bracketing 
method of measurement. 

.... milligrams of Li X 1000 

Li, milligrams per liter = r~r: 

milliliters of sample 

MAGNESIUM 

The classical gravimetric method for Mg is acknowledged to yield the most re- 
liable results. Generally a single precipitation of MgNH 4 P0 4 serves the purpose. 
Reprecipitation is resorted to only for the most exact work. The shorter photo- 
metric method is satisfactory for many potable waters. In routine practice, Mg is 
calculated by the difference secured from the complexometric titrations for hard- 
ness and Ca. This indirect approach is adequate for control purposes where inter- 
ference presents no problem. 

GRAVIMETRIC METHOD ^ 

Suspended matter, SiO a , Fe, Al, Mn, Ca, and Sr must be separated in advance 
of die Mg determination. Double precipitation is advisable for accurate work, in 
order to overcome the coprecipitation of various salts of Mg, NH 4 , P0 4 , Cl, and 
oxalate, which is possible in the presence of a large excess of (NH 4 ),,HP0 4 and 
NH 4 salts. An excess of P0 4 and As may result in Mg losses through precipitation 
in die original water sample. 

Reagents. Diammonium Hydrogen Phosphate Solution, SO g. per 100 ml. 

Methyl Red Indicator. 

Ammonium Hydroxide, Concentrated. 

Ammonium Hydroxide, 1 + 19. 

Hydrochloric Acid, 1 + 1 . 

Hydrochloric Acid, 1+9. 

Hydrochloric Acid, 1 + 99. 

Procedure. Removal of Interference.— Remove die Si0 2 and suspended matter 
as described in “Gravimetric Method,” under “Silica,”, p. 2475, below. Next remove 
the Ca as described in "Oxalate Methods,” under “Calcium,” p. 2410, above. 

Dilute or concentrate the filtrate from die Ca determination to a convenient 
volume. 

Precipitation of Magnesium.— Select an aliquot containing less than 60 mg. Mg. 
Bring the total volume to 350 ml., and acidify with 1 + 1 HC1 to the pink color 
of methyl red indicator. Add 10 ml. (NH 4 ) 2 HP0 4 solution, and cool in an ice 
watdr bath. Add concentrated NH 4 OH dropwise, with constant stirring, until the 
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indicator color turns yellow Continue stirring for 5 min then add 5 ml concen 
traced NH 4 OH and stir Mgorously for another 10 mm After allowing the covered 
solution to stand overnight in a cool place collect the precipitate on an ashless 
fine textured retentive filter paper and wash with cold I + 19 NH 4 OH discardiig 
the filtrate and washings If a single precipitation is adequate proceed to the 
paragraph entitled Gri\imetnc Finish below otherwise repeat the precipin 
t ion as follows 

Reprecipitatton of Magnesium — DissoHe die precipitate by pouring onto the 
filter 50 ml warm 1 + 9 HC1 in small portions and then washing the filter paper 
thoroughly with hot 1+99 HC1 After diluting to 12o to 150 ml add 1 to 2 m! 
(NH 4 ) HP0 4 solution and cool the solution m an ice water bath Reprecipitate 
the Mg by adding concentrated NH 4 OH dry by drop with constant stirring until 
the methyl red indicator turns a yellow color Add 5 ml concentrated NH 4 OH 
md stir \ieorously for 10 min Allow the solution to stand overnight in a cool 
pi ice 

Gravimetric Finish —Transfer the precipitite to an ashless fine textured reten 
me Filter paper M ash 5 to 8 times with 3 to 5 ml portions cold 1 + 19 
or until the washings become free from Cl Carefully char the filter paper in a 
crucible that has previously been ignited and weighed Burn off the final traces 
of paper without causing a flame and gradually increase the heat to HOO'C for 
30 nun or to constant weight Cool the crucible in a desiccatoi and weigh the 
Mg 2 P O t residue 


Mg milligrams per liter = 


m illigrams of Mg;P-Q7 X 218 5 
milliliters of sample 


PHOTOUFTRIC METHOD*** 

Manganic and Zn ions must be absent Iron in concentrations above 2 a mg 
per liter augments the Mg color Tolerable limits for other ions are 2a0 mg per 
liter Cl and 5 mg per liter for P0 4 or F Residual chlorine must be eliminated 
with Na S0 3 

Reagents Standard Magnesium Solution —Prepare the stock solution conUir 
mg 1 00 mg Mg per 1 00 ml from the pure metal as described in (a) or from tie 
salt as described in (b) (a) Place 1 000 g metal in a 500 ml flask add 150 nil ds- 
tilletl water and 5 ml 1 + 1 H S0 4 Apply the acid in 1 ml portions with thor 
ough mixing and wait each time for the reiction to subside Finally boil tie 
solution gently for 10 min to dissolve the metal completely Dilute tie cooled 
solution to 1000 ml with distilled water (b) Dissolve 10 13b g MgS0 4 O 
distilled water and dilute to 1000 ml Determine the exact Mg concentration b) 
the griwmetnc method (c) Dilute 100 0 ml stock solution to 1000 ml to forma 
st ndard solution containing 0 100 m„ per 1 00 ml 
Stabilizer Solution —Place 1 0 g Colloresin 2o or Golloresin IA (products of 
Ins in D>estulF Co Montreal Quebec) or Methocel 2j (a product of Dow Chemi 
rd Co) in a glass stoppered bottle cont lining 100 ml distilled water and shakes 
few times Store in a refrigerator overnight to dissolve Disord when mou 
growth or sediment appears 

Brilliant Yellon Solution 0 50 g per liter —Prepare every 2 or 3 days 
Saturated Calcium Sulfate Solution — \pproximately 20 g per liter 
a Taras M Anal Chem 20 llo6 1918 
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Aluminum Sulfate Solution— 0.31 g. A1 2 (S0 4 ) 3 • 18H 2 0 per liter. Add 0.3 ml. 
concentrated H 2 S0 4 . 

Sodium Sulfite Solution, 1.0 g. per 100 ml.— Prepare daily. 

Sulfuric Acid, 0.02 N. 

SodiumHydroxide, 6 N. 

Procedure .— Pipet into a 100-ml. volumetric flask a sample volume containing 
0.1 to 0.8 mg. Mg, when Colloresin stabilizer is used, or 0.1 to 0.6 mg. Mg in the 
case of Methocel stabilizer. If necessary, reduce any residual chlorine with 1 ml. 
Na,,S0 3 solution. Prepare the following calibration standards in 100-ml. volu- 
metric flasks: 0, 0.100, 0.200, 0.400, and 0.600 or 0.800 mg. Mg. Treat the blank 
and standards exactly as the sample throughout the entire procedure. Add 1 ml. 
0.02 N H 2 S0 4 (or sufficient acid to prevent the precipitation of the succeeding Ca 
and alum additions), 20 ml. saturated CaS0 4 solution, and 5.0 ml. alum solution. 
Dilute to 80 ml. with distilled water, and mix. Add 5.0 ml. stabilizer solution, 
2.0 ml. brilliant yellow solution, and 3.5 ml. 6 N NaOH. Dilute to 100 ml. with 
distilled water, mix, and within 5 to 60 min., read the absorbance at 525 m/i in a 
1-cm. cell against the reagent blank. 


Mg, milligrams per liter = 


milligrams of Mg X 1000 
milliliters of sample 


MAGNESIUM BY CALCULATION 

Determine the hardness and Ca values by means of the EDTA titrimetric meth- 
ods, and convert the results into terms of CaC0 3 . Calculate the Mg by the fol- 
lowing equation: 


Mg, milligrams per liter = 0.243(4 — B ) 

where A = EDTA hardness expressed in terms of mg. per liter of CaCOs, 

B = Ca hardness by EDTA titrimetric method expressed in terms of mg. per liter 
ofCaCOg. 


MANGANESE 2 ’ 37 

Chloride exceeding 60 mg. may interfere by formation of AgCl turbidity and 
by weakening the catalytic activity of Ag. A reasonable amount of organic matter 
and other reductants can be tolerated by prolonging the heating period and adding 
more (NH 4 ) 2 S 2 O g . Undue boiling decomposes the excess (NH 4 ) 2 S.,O g , however, 
and brings about permanganate loss; an effect also caused by too slow cooling. A 
correction can be made by bleaching the permanganate color with H 2 O z when such 
colored ions as ferric, dichromate, Cu, and Ni interfere by absorbing light at 
525 m/i. 

Manganese should be determined immediately or the sample should be acidified 
with HN0 3 at the time of collection to minimize adsorption or precipitation. 

Reagents. Standard Manganese Solution.— (a) Compute by the following equa- 
tion the volume of filtered and standardized 0.05 N KMn0 4 titrant (preparation 
described under "Calcium,” above, p. 2410) required to form a solution containing 
0.050 mg. Mn per 1. 00 ml.: 

4.55 

KMnQf, milliliters = — _ • 

normality of ICM.11O4 

37 Nydahl, F., Anal. Chem. Acta, 3, 144, 1949. 
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\cidify this volume with 2 to 3 ml concentrated H 2 S0 4 and stifling constantlv 
decolorize with the dropwise addition of NaHS0 3 solution (10 g per 100 m!) 
E\pcl the excess SO, by boiling then dilute the cooled solution to 1000 ml with 
distilled water (b) Dilute 100 0 ml solution (a) to 1000 ml with distilled water to 
{©nw a standard solution coutauung 0 Q0a mg \tu per l QQ ml Prepare daily 

Acid Silver Mercuric Reagent -Dissohe 7o g HgS0 4 in 400 ml concentrated 
H\0 3 and 200 ml distilled water Add 200 ml 8a% H 3 P0 4 and 0 03a g \g\0 3 
and dilute the cooled solution to 1 liter 

Hydrogen Peroxide 30% 

Vmmomum Persulfate 

Procedure —Select a sample volume containing 0 00a to 0 1 mg Mn if estimations 
arc to be mttle by usual color matching or less than 1 5 mg for absorbance meas- 
urements in a 1 cm cell Pipet the sample into a flask or beaker add a ml acid 
silver mercuric reagent and evaporate or dilute to 90 ml Prepare a senes of 
visuil stindards with the following volumes of standard Mn solution (b) 0 10 
20 40 80 12 0 16 0 and 20 0 ml Alternatively prepare the photometric all 
hr i (mn curve from the following Mn standards 0 0 050 0 100 0 200 0 300 and 

0 aOO mg for readings in a 5 cm cell and 0 0 100 0 250 0 500 1 00 and 1 50 mg 
for a I cm cell Dilute the blank and standards to 50 0 ml with distilled v attr 
add 5 ml acid silver mercuric rcigtut and treat exactly as the sample throughout 
the procedure Add 1 g (NH 4 ) 2 S O k quickly bung to a bod and bod genii) for 

1 min to intensify the color development Remove the heat source then 1 mm 
liter npuliy cool the solution under the tap Dilute to 100 ml with distilled 
w iter mix md read the absorbance at 52j m^ or compare the colors visuilly in 
100 ml tall form Nessler tubes Coriect for interfering color or turbidity by mx 
mg the developed permanganate color in the cell with 1 drop 30% HO aid 
icpcmn n the absorbance me isurement on the decolorized solution 


Mn milligrams per liter = 


milligrams of Mn X 1000 
milliliters of sample 


MET HANE * 

Hie idvautiges of the combustible g is indicator method for CH 4 are simplicity 
speed and a sensitivity of 0 2 m„ per liter of CH 4 Since ethane ami vapors of 
combustible oils as well is CH 4 may be determined by the combustible gas imh 
e itor ibis muhod enables an estimation of the total explosion hazard m die water 
supply Hydrogen sulfide interference can be minimized by adding MOH pellets 
to the container in adv nice of sampling 

I he combustible gas indicator is available commercially under the follow!) „ 
trade names J \\ Combustible Gas Indicator a product of Johnson M illnnw. 
Inc Pilo \lto Calif Evplosimetcr Methane Gas Detector ami Mediant 
l ester products ol Mine Safety Applnnce Co Pittsburgh Pa and Vapotcster 
a product of Divis Emergency Equipment Co Newark N J 

Ileo^etil Sodium Hydroxide 

Procedure Preparation of Sampling Container —Prepare a 1 gal gl ass bolde « 
illustrated m Fig 48 7 fitting the 2 hole rubber stopper with an inlet tube extend 
mg to within 1 cm of the bottom and an outlet tube terminating about I o" 
aliovc the stopper surface Use metal or glass tubes and connect to the individua 

** Rossum J R tillarruz P A and Made f A f Am Mater MorU Assn 
19a0 1 
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stopcocks, A and B, by means of 5-cm. lengths of rubber tubing and pinchcocks. 
Make sure that the entire assembly can maintain a low vacuum for several hours. 
Ascertain the volume of the assembly by filling with water and measuring the 
volume or weight of the water content. 

Collection of Sample.— Operate the well for a long enough interval to secure a 
water from the desired aquifer. In order to insure a representative sample make 
certain that the well is equipped with a pump operating at sufficient submergence 



Fig. 48-7. Combustible Gas Indicator Circuit and Flow Diagram: A and B, 2-Way Stop- 
cocks; C, 3-Way Stopcock; D, Active Filament (Exposed to Sample); E, Aspirator Bulb; 
F, Reference Filament (Shielded from Sample); G, Indicator Meter; H , Zero Adjusting 
Potentiometer; /, Fixed Resistor; J, Voltmeter; K, Battery; L, Switch; M, Volt Adjusting 
Rheostat. (Reproduced with permission from Standard Methods for the Examination of 
Water and Wastewater, 11th Ed., The American Public Health Assn., Inc., New York, 1960.) 

and pressure to keep all of the gas dissolved, thereby preventing gas losses to the 
atmosphere. 

Preliminary Determination.— Connect a rubber tube from the sampling tap to 
the inlet tube of the bottle and leave the outlet tube open. After filling the bottle 
half-full of water, close both inlet, A, and outlet, B, cocks, vigorously shake the 
bottle for 15 sec., and let the water stand for 1 min. Immediately zero the com- 
bustible gas indicator by opening the 3-way cock, C, to the air. By means of the 
suction bulb, E, draw gas from the outlet tube, at the same time leaving the inlet 
tube open to admit air. (Where facilities permit, substitute a laboratory filter 
pump for the suction bulb, and draw gas through the instrument at a rate of 
approximately GOO ml. per minute.) If the needle swings rapidly to a high level 
on the meter and then returns to zero, take a smaller volume of water for the 
final determination because the CH 4 -air mixture is too rich to burn. If the needle 
deflection is too weak for an accurate reading, select a larger sample volume. 

Final Determination.— In the presence of H 2 S add 0.5 g. NaOH pellets to the 
empty bottle to suppress this gaseous interference. Evacuate the bottle by means 
of a filter pump. Connect a rubber tube from the sampling tap to the inlet tube 
of the bottle. Keep the outlet tube closed, and fill the bottle not more than three- 
quarters full with the sample. After the desired sample volume has been collected. 
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fill the bottle with air admitted through the inlet tube Close the inlet cock and 
shake the bottle vigorously for 1 min Allow the sample to stand a minimum of 
2 hr Zero the instrument by opening the 3 nay cock to the air Drm the gas 
from the bottle through the outlet tube, at the same time opening the inlet tube 
Make the reading as swiftly as possible before the entering air dilutes the sample 
significantly Measure the volume of the water sample 

C ilculate the CH 4 concentration by any of the follow ing equations 

/0 257 Fj , 890 Pa 
CH 4 in sample, milligrams = P l — — 1 — \ 

where P = parUal pressure of CH 4 in millimeters of Hg, 

T = temperature in degrees Kelvin, 

V, = milliliters of volume of gas phase, 

Vi = milliliters of volume of liquid phase, and 

H = Henry ’s law constant in millimeters of Hg per mole of CHj per mole of water 
The values for Henry s law constant are listed in Tahle 48 6 89 

Table 48-6 Henry’s Law Constants 

Temperature, Henry s Law Temperature, Henry’s Law 

degrees C Constant, H degrees C Constant, H 


0 

16 99 X 10' 

40 

39 46 x 10* 

5 

19 69 6 10 s 

45 

41 83 x 10' 

10 

22 58 x 10" 

50 

43 85 x 10' 

15 

25 60 x 10* 

60 

47 57 x 10' 

20 

28 53 X 10* 

70 

50 62 x 10' 

25 

31 36 x 10' 

80 

51 84 x 10' 

30 

34 08 x 10" 

90 

52 60x 10' 

35 

36 95 X 10' 

100 

53 30 x 10" 


When it is assumed that the determinations have been made at an atmospheric 
pressure of 760 mm and a temperature of 20°C , the following equation applies 

CH 4 , roiUigrams per — Rf 7 ^ ° y ~ A ® 

where R = instrument scale reading, 

V 0 — milliliters of total volume of sample bottle, 

Pi = milliliters of volume of water sample, and 
/ = factor dependent on the instrument used 

When the instrument reads directly m percentage of CH 4 , / = I 00 Whin d |C 
instrument reads in percentage of the lower explosive limit of CH + , / = 005 Spme 
instruments require additional factors, which may be obtained from die mstru 
nitnt manufacturer (One commercial instrument has a -scale that reads in P tr 
centagc of the lower explosive limit of combustible gases, and requires an addition* 
factor of 0 77 for CH 4 Thus, the value of/ = 0 77 X 0 05 = 0,0385) 

89 Reproduced with permission from Standard Methods for the Examination of \\»«i 
and Wastewater, 11th fcd , The American Public Health Assn, fnc, New ,JW 
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The following equation should be used when the temperature and barometric 
pressure deviate significantly from the normals of 20°C. and 760 mm: 

CH 4 , milligrams per liter = RBf J^2.57 

where the additional symbol B = barometric pressure in millimeters of Hg. 

NITRATE 

The phenoldisulfonic acid method can be applied to the determination of NO., 
over a fairly wide range, and particularly to the small amounts below 1 mg. of 
nitrogen per liter characteristic of many potable waters. However, the majority of 
samples entail the removal of interfering concentrations of chloride. The brucine 
method, on the other hand, is free of chloride interference and finds principal 
application in the 1 to 10 mg. per liter nitrate N range. 

PHENOLDISULFONIC ACID METHOD 2 .™ 

The phenoldisulfonic acid method is suitable for determinations in the range 
0.01 to 2 mg. per liter nitrate N at 410 m>n and up to 12 mg. per liter at 480 npi. 
Chloride seriously interferes and must be reduced to a minimum (preferably below 
10 mg. per liter) in the sample, otherwise low N0 3 values will result. Nitrite N 
levels below 0.2 mg. per liter can be tolerated, but in excess of 0.2 mg. per liter, 
nitrite N must be compensated for by quantitative oxidation to NO s , and subse- 
quent deduction from the final NO a value. Colored ions and materials that physi- 
cally aflect the color system must also be absent. 

The visual standards prepared from the best reagents are normally stable lot 
2 to 4 weeks. Continued color development in the visual standards after several 
hours' standing is characteristic of a phenoldisulfonic acid reagent that contains 
considerable initial color. In such an event, frequent preparation of each series ol 
visual standards is mandatory. 

Reagents. Stock Nitrate Solution.— Dissolve 0.7218 g. KNO s , dried at 105°C., in 
distilled water and dilute to 1000 ml. to form a solution containing 0.100 mg. N 
per 1.00 ml. 

Standard Nitrate Solution.— Evaporate 50.00 ml. stock NO s solution to dryness 
on a steam or water bath, dissolve the residue in 2 ml. phenoldisulfonic acid reagent 
by rubbing with a glass rod, and dilute to 500 ml. with distilled water to form a 
solution containing 0.010 mg. N per 1.00 ml. 

Phenoldisulfonic Acid Reagent.— Dissolve 25 g. pure white phenol in 150 ml. 
concentrated H 2 S0 4 , add 75 ml. fuming H 2 S0 4 (15% free S0 3 ), mix thoroughly, 
and heat for 2 hr. on a hot water bath. If desired, substitute 170 ml. concentrated 
H L ,S0 4 and 55 ml. fuming H L ,S0 4 (20% free S0 3 ). 

Standard Silver Sulfate Solution.— Dissolve 4.397 g. Ag.,S0 4 , NO s -free, in dis- 
tilled water, and dilute to 1000 ml. to form a solution equivalent to 1.0 mg. Cl per 
1.00 ml. Standardize by diluting 25.00 or 50.00 ml. standard 0.0141 N NaCl to 
100 ml. with deionized distilled water or redistilled water, adding 1.0 ml. K.,Cr0 4 
indicator, and titrating as described in "Chloride,” above, p. 2414. Store in a 
brown bottle or in the dark. 

EDTA Reagent.— Form a thoroughly wetted paste by rubbing 50 g. disodium 
ethylenediaminetetraacetate dihydrate and 20 ml. distilled water with a glass rod. 

■uiTaias, M.J., Anal. Chcin., 22, 1020, 1950. 
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Add 60 ml concentrated NH 4 OH and mix until the paste dissolves (Alternately 
use tlie EDTA solution described under Ammonia Nitrogen ) 

Ammonium Hydroxide, Concentrated 
Sodium Hydroxide, 1 N 
Sulfuric Acid 1 A 

Reagents for Treatment of Unusual Interference Hydrogen Peroxide Solu 
tion— Dilute 10 ml 30% H 2 0 2 (low xn NO a ) to 100 ml with distilled water 
Aluminum Hydroxide Suspension 
Zinc Sulfate Solution 
Sodium Hydroxide 15 N 
Sulfuric Acid 1 V 
Potassium Permanganate 0 1 N 

Procedure Removal of Color and Turbidity —Apply 4 5 ml well shaken 
\l(OH) s suspension to 150 ml sample stir ind allow the floe to settle several 
times Then filter and discard the initial 25 ml filtrate 

\ltern tively coagulate the sample with ZnS0 4 solution and 15 N ISaOH as 
described under Ammonia Nitrogen p 2449 below but omit the use of EDTA 
or Rochelle salt 

Treatment of Nitrite Interference —Determine the N0 2 concentration as de 
scribed under Nitrite below If the nitrite N concentration exceeds 0 2 mg 
per liter acidify a 100 ml sample with 1 ml 1 N H 2 S0 4 Add drop by drop with 
constant stirring either 0 1 A KMn0 4 or H O 3 solution and allow the sample to 
stand 15 mm for complete conversion of the N0 2 to NO s (Sufficient KMn0 4 is 
indicated by the persistence of a faint pink color throughout the 15min period) 
Enter the proper NO deduction at the end of the NO a determination 

Removal of Chloride Determine the Cl concentration as described under 
Chloride above and treat a 100ml sample with an equivalent (not an excess) 
amount of standard Ag_S0 4 solution For best results allow the covered precip 
tate to settle overnight at laboratory temperature away from strong h Q ht 11 
necessary and only as a last resort coagulate the AgCl by heat Centrifuge or 
filter oil the precipitate 

Preparation of Visual Comparison Standards —Measure the following volumes 
of standard N0 3 solution into 50 ml Nessler tubes 0 0 10 0 30 0 50 0 70 10 
15 2 0 3 5 6 0 10 15 20 and 30 ml If desired use 100 ml Nessler tubes 
and double the volumes of standard NO a solution Add 2 0 ml plienoldisulfomc 
acid reagent and 7 ml concentrated NH 4 OH 
Color Development —Neutralize the clear and colorless sample to pH 7 to 65 
with I A NaOH or 1 A H 2 S0 4 Pipet a sample volume containing less than 02 
mg nitrate N into a casserole or beaker and evaporate to dryness over a steam 
or water bath 

Prep ire a blank and a series of calibration standards in the range 0 030 to 0 200 
mg nitrate N for absorbance readings at 410 mum a 1 cm cell and 0 00a to OOaO 
mg N for a 5 cm cell Add 2 0 ml phenoldisulfonic acid reagent and 7 ml c° n 
centrated N H 4 OH to the blank and each stand ird 
Dissolve the sample residue with 2 0 ml phenoldisulfonic acid reagent by rub- 
bing with a glass tod If necessary and only as a last resort heat gently on the hot 
water bath a short time to dissolve a resistant residue but avoid charring the res 
due Dilute with 20 ml distilled water and add sufficient concentrated AH 4 0 
(approximately 7 ml) to develop the maximum yellow color filter off any rc 
suiting flocculant hydroxides or add EDTA reagent drop by drop with stirring 
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until the Mg(OH)„ and Ca(OH) L , redissolve. Transfer the clear solution or filtrate 
to a 50- or 100-ml. Nessler tube or volumetric flask. Add the distilled water wash- 
ings of the casserole, beaker, or filter to tire Nessler tube or volumetric flask, dilute 
to tfie mark, and mix. Measure the absorbance or visually match the colors. 

milligrams of nitrate N X 1 000 

Nitrate N, milligrams per liter = ■ — — — : 

milliliters of sample 

NO3, milligrams per liter = milligrams per liter nitrate N X 4.43 
BR UCINE ME TH OD 2, w 11 

All strong oxidants and reductants interfere in the brucine method. Oxidants 
can be demonstrated by the yellow color produced with the o-tolidine reagent de- 
scribed under “Residual Chlorine,” p. 2416, above. Sodium arsenite satisfactorily 
dechlorinates residual chlorine concentrations up to 5 mg. per liter, and may be 
used in slight excess without deleterious effect. A slight positive interference re- 
sults from the presence of ferrous, ferric, and manganic ions, but the interference 
is negligible at levels below 1 mg. per liter. Chloride and nitrite do not interfere 
in the specified procedure. Colored ions and materials that physically affect the 
color system must be absent. 

Reagents. Standard Nitrate Solution.— Dilute 100.0 ml. stock NO g solution 
(0.7218 g. KN0 3 per 1000 ml.) to 1000 ml. with distilled water to form a standard 
solution containing 0.010 mg. N per 1.00 ml. 

Brucine-Sulfanilic Acid Reagent.— Dissolve 1 g. brucine sulfate and 0.1 g. sulfa- 
nilic acid (also called 4-aminobenzenesulfonic acid) in 70 ml. hot distilled water, 
add 3 ml. concentrated HC1, cool the solution to room temperature, and dilute to 
100 ml. The reagent retains its effectiveness for several months despite the gradual 
appearance of a pink color. Dispense this reagent with a safety pipet. 

Sulfuric Acid Solution.— Carefully add 500 ml. concentrated H 2 S0 4 to 75 ml. 
distilled water. Keep tightly stoppered to protect against atmospheric moisture. 

Sodium Arsenite Solution, 0.028 N, 1.83 g. NaAsOo per liter. 

Procedure .— If necessary, dechlorinate a 50-ml. sample by adding 0.1 ml. NaAsO., 
solution for each 0.05 mg. residual chlorine, plus 1 drop in excess. 

It necessary, dilute the sample with distilled water to bring the nitrate N con- 
centration within the 1 to 10 mg. per liter range. 

Prepare a series of NO s standards (0.050, 0.150, 0.250, 0.350, 0.500, 0.750, and 
1.00 mg. N) in 100-ml. volume with distilled water. 

Pipet a 2-ml. aliquot of the sample and each standard solution into a 50-ml. 
beaker. Treat the blank and calibration standards exactly as the sample through- 
out the procedure. Add 1.0 ml. brucine-sulfanilic acid reagent. Introduce 10 ml. 
H 2 S0 4 solution into a second and similar 50-ml. beaker. Then carefully pour the 
brucine-treated contents of the first beaker into the companion beaker containing 
the H 2 S0 4 . Repeat the transfer from one beaker to the other 4 to 6 times to 
insure thorough mixing. Allow the color to develop in the dark for 10 ± 1 min. 
(cover the beakers with a cardboard carton if convenient). During the 10-min. 
interim, place 10 ml. distilled water in each of the empty beakers. Add this water 
to the treated solutions, and mix as before. Cool the beakers in the dark for an 

■*i Greenbeig, A. E., Rossum, J. R., Villarruz, P. A., and Moskowitz, N., J. Am. Water 
Works Assn., 50, 821, 1958. 
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additional 20 to 30 min Read the absorbance at 410 mu in a cell of 1 cm length 
or longer using the blank as the reference 


titrate N 


milligrams per liter = 


milligrams of nitrate N X 1000 
milliliters of sample 


NO 3 milligrams per liter — milligrams per liter of nitrate N X 4 43 


MTRITE 11 « 

Interferences fall into 4 classes (a) amines and strong oxidants and reductants 
that destroy nitrite (b) 10 ns that precipitate under the reaction conditions (c) 
10 ns that upset the optimum acidity and (d) colored 1011 s that physically disturb 
the color system The following 1011 s should be absent ferric mercurous uti 
monotis auric chloroplatinate metavanadate Ag and Bi High NH 3 concentra 
tions should he avoided Iodide should be limited to 0 1 mg nd Cu to 00a m* 
111 the sample portion Nitrogen trichloride imparts a false red color so a check 
for a free available chlorine and NC1 3 residual is advisable by the procedure de 
scribed 111 Orthotolidme Arsenite (OTA) Method p 2416 under Residual Chlo- 
line I he addition of 0 a ml disodium ethylenediaminetetraacet te dihydrate 
(0 0 g per 100 ml) to the untreated sample prevents Fe interference 

1 he sample should be collected 111 a bacteriologically sterile bottle and tl e de 
tumin moil undertaken with dispatch to prevent bacterial oxidation or reduction 

Reagents Nitrite Free Water —Prepare NO free water by either of the follow 
i » 0 methods (a) Add a crystal each of KMn0 4 and Ba(OH ) 2 or Ca(OH ) 0 (or 1 to 
2 drops of alhdine RMn0 4 reagent described under Albuminoid Nitrogen p 
24o3 below) to 1 liter distilled water and redistill in an all borosilicate glass appa 
ratus Reject the initial o0 ml distillate and collect that portion that is free of per 
manganate Use the o tohdine reagent described in Orthotolidme \rsenite (OTA) 
Method p 2416 under Residual Chlorine to test for the presence (appearance of 
yellow color) of permanganate (b) To 1 liter distilled water add I ml concentrated 
H„S0 4 0 2 ml MnS0 4 solution (preparation described under Dissolved Oxygen 
p 24o8 bclov ) and sufficient 0 1 \ IvMn0 4 (1 to 3 ml ) to confer a permanent pink 
color After 15 min decolorize carefully with (NH 4 ) 2 C 2 0 4 2H„0 solution (09 g 
per liter) 

Standard Nitrite Solution —(a) Dissolve 1 232 g NaNO a in distilled water and 
dilute to 1000 ml to form a stock solution containing approximately 250 mg per 
liter of nitrite N Standardize the stock solution as follows pipet 50 ml standard 
0 0a \ k\ln0 4 (prepired and standardized as described under Calcium p 'M10 
above) I ml concentrated H 2 S0 4 and 50 00 ml NaNO a solution into a glass 
stoppered bottle Shake the stoppered flask frequently and introduce 2 g KI after 
15 mm of reaction time Titrate with standard 0 025 A Na S 9 O 3 (prepared and 
standardized as described under Dissolved Oxvgen p 2457 below ) to the first d s- 
appearance of the blue starch indicator color 


Nitrite N 


„ , If A V 54 - (C X Z»1 X 7000 

milligrams per hter - mJ1Ulle „ „ f NaNO , -^^5^ 


vv here A = milliliters of standard KMn0 4 solution used, 

B = normality of standard KMnO< solution, 

C = milliliters of standard NajSjOj titration and 
D = normality of standard NajSoOs titrant 
<2 Rider B F and Mellon M G Ind Eng Chem Anal Ed 18 96 1946 
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Preserve the stock solution with 1 ml. CHC1 3 . (b) Dilute to 250 ml. the calculated 
volume (approximately 50 ml.) of the stock NaNO, solution with NO a -free water 
to form an intermediate dilution containing 50.0 mg. per 1000 ml. nitrite N. Pre- 
serve this solution with ] ml. CHC1 3 . (c) Dilute 10.00 ml. solution (b) to 1000 ml. 
with NO.,-free water to form a standard solution containing 0.0005 mg. N per 

1 .00 ml. Prepare the standard solution daily. 

Sulfanilic Acid Reagent.— Dissolve 0.60 g. 4-aminobenzenesulfonic acid in 70 ml. 
hot, distilled water. Cool the solution to room temperature, add 20 ml. concen- 
trated HC1, and dilute to 100 ml. with distilled water. 

1-Naphthylamine Hydrochloride Reagent.— Dissolve 0.60 g. 1-naphthylamine hy- 
drochloride in distilled water containing 1 ml. concentrated HC1, and dilute to 
100 ml. Filter if necessary, and store in a refrigerator to prolong the useful life 
of the reagent. 

Sodium Acetate Solution, 2 M.— 16.4 g. NaC 2 H 3 0 2 or 27.2 g. NaC 2 H 3 0 2 -3H 2 0 
per 100 ml. 

Aluminum Hydroxide Suspension. 

Zinc Sulfate Solution. 

Sodium Hydroxide, 15 At. 

Sodium Hydroxide, 1 N. 

Hydrochloric Acid, 1 N. 

Procedure. Removal of Color and Turbidity.— If necessary, clarify the sample 
by centrifuging. 

When an interfering amount of color and turbidity is present, apply 3 ml. well- 
shaken Al(OH) 3 suspension to each 100 ml. sample, stir, and allow the floe to 
settle several times. Then filter and discard the initial 25 ml. filtrate. 

Alternatively, coagulate the sample with ZnS0 4 solution and 15 N NaOH as 
described in “Treatment of Turbid or Colored Sample for Direct Nesslerization,” 
p. 2451, below, under “Ammonia Nitrogen,” but omit the use of EDTA or Rochelle 
salt. 

Color Development.— Pipet a sample volume containing 0.00005 to 0.0012 mg. 
nitrite N into a 50-ml., tail-form Nessler tube or volumetric flask. Neutralize the 
sample to pH 7 with 1 N NaOH or 1 N HC1. Prepare a blank and a series of 
nitrite standards in the range 0.00025 to 0.0025 mg. N for absorbance measure- 
ments in a 5-cm. cell; or a series of visual comparison standards from the following 
volumes of standard nitrite solution (c): 0, 0.10, 0.20, 0.40, 0.70, 1.0, 1.4, 1.7, 2.0, 
and 2.5 ml. Dilute the blank, standards, and sample to 50.0 ml.; mix, and add 

1.00 ml. sulfanilic acid reagent. (At this point the pH of the mixed solution 
should be about 1.4.) Within 3 to 10 min., add 1.0 ml. 1-naphthylamine hydro- 
chloride reagent and 1.0 ml. NaC 2 H 3 0 2 solution. (At this stage the pH of the 
mixed solution should be 2.0 to 2.5.) Read the absorbance at 520 m/i or visually 
match the colors within 10 to 30 min. 


Nitrite N, milligrams per liter 


milligrams of nitrite N X 1000 
milliliters of sample 


NO 2 , milligrams per liter = milligrams per liter of nitrite N X 3.29 


AMMONIA NITROGEN 211 

The distillation, Nesslerization, and titration steps in the NH 3 determination 
can be varied to suit the situation or convenience of the analyst. Direct Nessler- 
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ization can be practiced routinely on a familiar water supply free of interference 
and bearing NH 3 levels in excess of 0 1 mg per liter 
Distillation for the most part ov ercomes the common interferences and enables 
the determination of trice amounts of NH 3 Unfamiliar samples should be dis- 
tilled for reliable results High Ca concentrations require an increased volume of 
P0 4 buffer and preliminary pH adjustment of the sample to override the precip 
tation that occurs during distillation Sulfide should be precipitated in the dis- 
tilling flask with a little PbCO a \olatile substances such as formaldehyde and 
related aldehydes acetone alcohols and other undefined organic bodies may be 
boiled off prior to distillation However urea hydrolyzes on distillation at pH 
7 4 leading to erroneous high NH 3 values 
Interference in the \essler ization reaction takes 2 guises the formation of an 
offcolor and the formation of turbidity Hydrazine glycine and a number of 
aliphatic and aromatic amines and organic chloramines individually produce yel 
lowish and greenish off colors or a turbidity with Nessler reagent 43 A titnmetnc 
finish can be employed when neutral organic bodies appear in the distillate But 
the presence of volatile amines in the distillate will lead to excessive \H 3 results 
by the titration method Care should be exercised at all times to avoid conumina 
non of the sample solutions and the apparatus by NH 3 fumes derived from other 
laboratory operations 

\ judicious combination of wavelength and light path enables the photometre 
estimation of \H 3 over a considerable range The calibration curve should be 
prepared under conditions identical to those for the sample 

Although promptness in analysis is desirable microbiological activity can be 
repressed somewhat by refrigerating the sample or bv the addition of 0 8 ml con 
cemrated H S0 4 to each liter of sample The acidified sample must be neutral 
ued with \aOH or hOH as the first step in the procedure Residual chlorine 
should also be reduced immediately after the sample is collected to arrest the 
consumption of NH 3 

Reagents Deionized Distilled Water— This should be used in the preparation 
of all solutions and dilutions 

Phosphate Buffer Solution pH 7 4— Dissolve 14 3 g KH P0 4 and 68 8 g 
k HP0 4 and dilute to 1 liter with water 
Bone Acid Absorbant 20 g H 3 BO a per liter 

Sodium Thiosulfate Dechlorinaung Solution 3 5 g Na 2 S O a 5H 2 0 per liter 
Sodium Hydroxide 1 \ 

So)funcAc/d 1 1 

Reagents for Kessler ization Standard Ammonium Chloride Solution —(a) D s- 
solve 3 819 g \H 4 C1 dried at 100 C and dilute to 1000 ml with water (b) D 
lute 10 00 ml stock solution to 1000 ml with water to form a standard solution 
containing 0 010 mg \ or 00122 mg NH 3 per 1 00 ml 

Nessler Reagent —Dissolve 100 g Hgl, and 70 g kl in a small aolume of water 
Dissolve 160 g NaOH in 500 ml water Combine the 2 solutions and dilute to 
1 liter Lse only the supernatant liquid for Nesslerizauon at all times 
Zinc Sulfate Solution 100 g ZnS0 4 7H a O per liter 

EDTA Solution — Dissolv e 50 g disodium ethylenediaminetetraacetate dihjdratf 
in 60 ml water containing 10 g NaOH Warm to dissolve cool to room tempera 
lure and dilute to 100 ml 

« Taras M J J Am Waterworks \ssn 45 47 19j3 
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Rochelle Salt Solution.— Dissolve 50 g. KNaC 4 H 4 0 c -4H 2 0 in 100 ml. water, 
boil off 30 ml. solution, and dilute to 100 ml. 

Sodium Hydroxide, 15 A r . 

Reagents for Permanent Color Standards. Potassium Chloroplatinate Solution.— 
Dissolve 2.0 g. K 2 PtCl c in 500 ml. distilled water containing 100 ml. concentrated 
HC1, and dilute to 1 liter. 

Cobaltous Chloride Solution.— Dissolve 12.0 g. CoCl 2 -6H 2 0 in 300 ml. distilled 
water containing 100 ml. concentrated HCi, and dilute to 1 liter. 

Reagents for Titrimetric Finish. Standard Acid Titrant, 0.02 A 7 .— Dilute 200 
ml. 0.1 N HCI or H 2 S0 4 to 1 liter with water. Standardize against standard 0.0200 
N Na.,C0 3 (preparation described under “Alkalinity,” p. 2400, above) under exactly 
the same conditions (similar volumes of final solution and indicator solution) as 
for the titration of the distillates. Pipet a volume of standard 0.0200 N Na 2 CO s 
that approximates either the average or median (whichever is applicable) titration 
prevailing in the distillates encountered in the particular laboratory. The equiv- 
alence of 0.0200 N acid is 0.28 mg. N per 1.00 ml. 

Mixed Indicator Solutions.— Either solution (a) or (b) is satisfactory, (a) Mixed 
Methylene Blue-Methyl Red Indicator Solution.— Separately dissolve 0.133 g. methyl 
red and 0.067 g. methylene blue in minimal volumes of 95% ethyl or isopropyl 
alcohol, then combine the 2 solutions and dilute to 100 ml. with the alcohol. 
Prepare monthly, (b) Mixed Bromcresol Green-Methyl Red Indicator Solution.— 
Prepare as described in “Alkalinity,” above. 

Procedure. Distillation. 44 — Select a sample volume containing up to 1.0 mg. 
NH 3 nitrogen if the distillate is to be Nesslerized or 0.5 to 5 mg. N for a titrimetric 
finish. Steam out the borosilicate-glass distillation apparatus illustrated in Fig. 
48-6 (p. 2432) by boiling water in the flask until the distillate becomes NH 3 -free, as 
demonstrated with Nessler reagent. 

Although a 500-ml. sample, or an aliquot diluted to 500 ml., will suffice for most 
purposes, take a sample of 700 to 1000 ml. if the NH 3 nitrogen falls below 0.05 mg. 
per liter or an albuminoid N determination is to be performed on the same 
sample. Dechlorinate the residual chlorine with the exactly equivalent amount of 
Na 2 S 2 O a solution. If the sample is acid or alkaline, neutralize to pH 7 with 1 N 
NaOH or 1 N H 2 S0 4 , using a pH meter. Add 10 ml. or more phosphate buffer 
solution, to maintain the sample pH at 7.4 ± 0.2 throughout the distillation. For 
samples containing more than 250 mg. per liter of Ca, first add up to 40 ml. phos- 
phate buffer solution, and then adjust the pH to 7.4 with 1 N NaOH or 1 N 
H 2 S0 4 . Transfer the dechlorinated, neutralized, and buffered sample to the 1-liter 
or 2-liter distilling flask, stopper, and distill. Collect the distillate in a 50-ml. 
Nessler tube, when the NH S nitrogen is less than 0.01 mg., or a 200-ml. volu- 
metric flask, when the NH 3 nitrogen is between 0.01 and 0.05 mg. Collect 300 ml. 
distillate below the surface of 50 ml. H 3 BO s absorbant when the NH 3 nitrogen 
falls in the range of 0.05 to 1.0 mg. Use an additional 50 ml. H 3 BO s for every 
additional 1 mg. NH 3 nitrogen. Cleanse the condenser by lowering the distillate 
out of contact with the delivery tube during die last 1 or 2 min. of distillation. 

Treatment of Turbid or Colored Sample for Direct Nesslerization.— Mixing after 
each addition, treat a 100-ml. sample with 1 ml. ZnS0 4 solution and 0.3 ml. 15 N 
NaOH to raise the pH to 10.5 as determined by a pH meter and a high-pH °-foss 
electrode. Allow the floe to settle. Clarify by centrifuging or filtering through 

44 Nichols, M. S., and Foote, M. E., Ind. Eng. Chem., Anal. Ed., 3, 311, 193] 
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filter paper Discard the first 25 ml filtrate if resort is made to filter paper Add 
I drop EDTA solution or 1 or 2 drops ol Rochelle salt solution to pretent calcium 
or magnesium hydroxide turbidity upon Nesslerization 

Nesslerization —Select a distillate aliquot or a volume of clear sample containing 
NH 3 nitrogen in accordance ruth the following measurement requirements for 
the usual color matching method— NH 3 nitrogen concentrations up to 0 060 rag 
for photometric measurements in a 5 cm cell and the wavelength range of 400 to 
42 j nv <— 0 00a to 0060 mg N for photometric measurements in a 1 cm cell and 
the wavelength range of 400 to 42a m/i— 0 020 to 0250 mg N, and for photometric 
measurements in a 1cm cell and the wavelength range of 450 to 500 m/i-up to 
0 500 mg N 

Transfer 50 0 ml distillate or clear sample or an aliquot diluted to 50 0 ml 
into a Nessler tube and bring to room temperature Add 1 0 ml Nessler reagent 
and mi\ adequately by inverting the tube at least 6 times Measure the color 
photometrically or visually after exactly 10 min if the NH 3 nitrogen is above 
0 01 mg and after exactly SO min, if below 0 01 mg N Use an identical it 
action period and temperature for the Nesslerized blank and NH 3 nitrogen stand 
ards as for the sample 

Table 48-7 Permanent Color Standards for Visual NH 3 Estimation 


Ammonia 
Nitrogen 
Equivalent 
in 50 ml Volume 
mg 

Approximate 
Volume 
of KjPtCle 
Solution 
ml 

Approximate 
Volume 
of C 0 CI 2 

Solution 

ml 

0 000 

1 2 

00 

0 002 

28 

00 

0 004 

47 

01 

0 007 

59 

02 

0 010 

77 

05 

0 014 

99 

1 1 

0017 

11 4 

1 7 

0 020 

12 7 

22 

0 025 

150 

33 

0 030 

17 3 

45 

0 035 

190 

57 

0 040 

197 

7 1 

0 045 

19 9 

87 

0 050 

20 0 

104 

0 060 

20 0 

150 


Prepare the appropriate permanent standards in 50 ml Nessler tubes by di ut 
ing the volumes of h._PtCl 6 and CoCl 2 solutions specified m Table 48 7 15 '1° 
and adjust the tints of these permanent standards as necessary by checking 

is Reproduced with permission from Standard Methods for the Examination of hater 
and Wastewater 1 1th Ed The American Public Health Assn New York 1960 
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Nesslerized NH 4 C1 standard solutions. Recheck, and readjust the permanent 
standards every time a new batch o£ Nessler reagent is prepared. 

For best results prepare the photometric calibration curve by carrying known 
Ps'H.CI standard solutions through all of the procedural steps including distillation 
if used for water samples. 

Titration.— To the flask containing the distillate, add 3 to 5 drops mixed indi- 
cator, and titrate with 0.02 N standard acid to the color of the color comparison 
standard prepared from the same number of drops of mixed indicator, the same 
volume of H 3 B0 3 absorbant, and the same total volume of solution as the titrated 
distillate. 

Reagent Blank.— Correct the sample result by deducting the NH 3 nitrogen con- 
tent of the reagent blank carried through all of the steps of the procedure used. 

A X 1000 B 

NH 3 nitrogen, milligrams per liter = -- — - — X — 

° ° milliliters of sample C 

where A = milligrams of NH 3 nitrogen found colorimetrically or titrimetrically. 
The ratio B/C applies only when a sample is distilled, the volume then made up 
to B, and aliquot C taken from it for color development or titration. 

NH 3 , milligrams per liter = milligrams per liter of NH 3 nitrogen X 1.216. 

NH 4 , milligrams per liter = milligrams per liter of NH 3 nitrogen X 1.288. 

ALBUMINOID NITROGEN 2 - 40 

The albuminoid N determination is normally performed on the same sample 
used for the distillation of NH 3 nitrogen. Therefore, the entire discussion on 
“Ammonia Nitrogen,” above, should be read and understood before the albu- 
minoid N determination is attempted. The same precautions as in “Ammonia 
Nitrogen,” apply to promptness of examination, sample refrigeration or preser- 
vation, and the importance of guarding against outside NH 3 contamination. 

Reagents. Deionized Distilled Water.— This should be used for the preparation 
of all solutions and dilutions. 

Appropriate Reagents Described Under “Ammonia Nitrogen.” 

Alkaline Potassium Permanganate Reagent.— In a 3-1., borosilicate-glass beaker, 
dissolve 16 g. KMn0 4 in a minimum volume of water. Add 288 g. NaOH or 
404 g. KOH, and sufficient water to make up to 2.5 1. Concentrate to 2 1. on an 
electric hot plate. 

Procedure.— Select a sample volume, containing up to 1.0 mg. albuminoid N, 
if the distillate is to be Nesslerized, or 0.5 to 5 mg. N, for a titrimetric finish. 
Steam out the borosilicate-glass distillation apparatus illustrated in Fig. 48-6 
(p. 2432) by boiling water in the flask until the distillate becomes free of NH 3 as 
demonstrated with Nessler reagent. 

Transfer 700 to 1000 ml. neutralized and dechlorinated sample into the 2-1. dis- 
tilling flask along with several glass beads or boiling chips. Adjust the sample pH 
to 7.4, and collect 50 to 300 ml. distillate as described in “Ammonia Nitrogen.” 
After the flask contents have cooled, introduce 50.0 ml. alkaline KMn0 4 reagent, 
mix, and collect an additional 200 or 250 ml. distillate below the surface of 50 ml. 

•to Phelps, E. 15., APHA Public Health Papers and Reports, 29, 354, 1903; T. Infectious 
Diseases, I, 327. 1904. 
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H 3 B0 3 if the albuminoid N exceeds 0 05 mg Use a new receiver for this frac 
tion Cleanse the condenser by lowering the collected distillate free of tfie de 
liver) tube during the last 1 or 2 mm of distillation Determine the NH S con 
tent of the distillate as described m Ammonia Nitrogen Correct the sample 
result by deducting the NH 3 nitrogen content of 50 0 ml alkaline KMn0 4 reagent 
earned through the entire procedure 

„ , „ „ , AX 1000 S 

Albuminoid N milligrams per liter = — — 7 — X — 

milliliters of sample C 

where A — milligrams of NHj nitrogen found colorimetrically or titnmetrically 
B — milliliters of total distillate collected including H3BO3, and 
C — milliliters of distillate taken for Nesslerization or titration 


KJELDAHL (ORGANIC) NITROGEN 2 ” 

The NH 3 nitrogen can be collected conveniently during the concentration phase 
of the procedure thereby enabling 2 determinations to be performed success vel) 
on the same sample The same considerations apply to prompt examinaton 
sample refrigeration or presenation and precautions against NH 3 contaminat on 
is 111 the case of Ammonia Nitrogen above The close similarities betweei 
the \H 3 and kjeldahl distillations dictate that the entire discussion on ammonia 
nitrogen should be studied before the organic N determination is undertaken 
Electrical heat for die final Kjeldahl distillation minimizes bumping and presents 
fewer difficulties than are involved in. the use of gas heat 

Reagents Deionized Distilled Water —This should be used for the preparation 
of all solutions and dilutions 

Appropriate Reagents Described Under Ammonia Nitrogen 
Digestion Solution Dissolve 134 g K 2 S0 4 in 650 ml water and 200 ml con 
centnted H S0 4 Dissolve 2 g red HgO m 25 ml 6 \ H S0 4 Combine the 2 
solutions and dilute to 1 liter Store at a temperature above 14 C to prevent 
crystdlhzition 

Sodium Hydroxide Sodium Thiosulfate Solution —Dissolve 500 g NaOH and 
2» g Na 2 S O, 5H O in vvateT and dilute to 1 liter 
Phenolphthalem Indicator 


Procedure —Select a sample volume containing up to 1 0 mg Kjeldahl N if the 
distillate is to be Nesslerized or 0 5 to 5 mg N for a titrimetnc finish 

Measure a 500 ml sample or a suitable aliquot into a steamed out 800-mi 
Kjeldahl flask together with 10 ml phosphate buffer solution and several glass 
beads or boiling chips Evaporate 300 ml of the sample or distill and conserve 
this volume as described under Ammonia Nitrogen CauuousI) add 50 ml 
digestion solution to the cooled contents of the flask Use an additional a0 ml 
digestion solution when a large quantity of non nitrogenous organic matter » 
encountered Mix thoroughly and resume evaporation in a fuming hood to the 
appearance of S0 3 fumes Digest for another 30 min after the acid concentrate 
turns colorless or a pale yellow color Dilute the cooled digestate with 300 m 
water and mix in 0 5 ml phenolphthalem indicator Carefully introduce down 
the side of the tilted flask 50 ml (or more if the red phenolphthalem color fails 
to materialize as expected) NaOH NioS 2 0 3 solution so that the alkaline solution 
forms a distinct layer at the bottom Immediately attach the flask to the steamed 

4 Morgan, Q R Lackey 3 R and Cilcveav T \\ \wa\ Cbcra 23, 813 19 j7 
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out distillation apparatus, swirl the contents to achieve homogeneous dispersion 
and a red phenolphthalein color, and collect 200 ml. distillate below the surface 
of 50 ml. H3BO3 solution. Cleanse the condenser by lowering the collected dis- 
tillate free of the delivery tube during the last 1 or 2 min. of distillation. Deter- 
mine the NH 3 content of the distillate as described in “Nesslerization or Titra- 
tion,” under “Ammonia Nitrogen.” Correct the sample result by deducting the 
NH 3 nitrogen content of the reagent blank carried through the entire procedure 
used. 

A X 1000 B 

Kieldahl N, mdligrams per liter = — —7 — — X — 

0 r milliliters of sample C 

where A = milligrams of NH 3 nitrogen found colorimetrically or titrimetrically, 

B — milliliters of total distillate collected, including the H 3 BO 3 , and 
C = milliliters of distillate taken for Nesslerization or titration. 

CHEMICAL (DICHROMATE) OXYGEN DEMAND 2 - 11 . 48 

Aromatic hydrocarbons and pyridine resist oxidation by this method even in the 
presence of the Ag catalyst. The Ag 2 S0 4 catalyst reacts with Cl, Br, and I to pro- 
duce precipitates that are oxidized only partially by the procedure. In the absence 
of Ag 2 S0 4 , chloride is quantitatively oxidized to chlorine by the combination of 
acid, K 0 Cr 2 0 7 , and carbonaceous organic matter. The chemical oxygen demand 
so consumed equals 0.23 mg. per liter for each 1.0 mg. per liter of Cl, a correction 
that can be calculated by performing a chloride determination on a separate sam- 
ple aliquot. 

Reagents. Standard Ferrous Ammonium Sulfate Titrant, 0.025 N.— Dissolve 
9.80 g. Fe(NH 4 ) 2 (S0 4 ) 2 *6H 2 0 in distilled water, add 20 ml. concentrated H 0 S0 4 , 
cool, and dilute to 1000 ml. Standardize by diluting 25.00 ml. standard 0.02500 A' 
K 2 Cr 2 0 7 to 275 ml., carefully adding 50 ml. concentrated H.,S0 4 , cooling, and 
titrating with the Fe(NH 4 ) 2 (S0 4 ) 2 solution to the phenanthroline-ferrous sulfate 
indicator (8 to 10 drops) end point. 

Standard Potassium Dichromate Solution, 0.02500 N.— Dissolve 1.226 g. K 0 Cr o 0 7 , 
primary standard grade (dried at 105°C. for 2 hr.), in distilled water ancf dilute 
to 1000 ml. 

Phenanthroline-Ferrous Sulfate Indicator.— Dissolve 1.485 g. 1,10-phenanthroIine 
monohydrate and 0.695 g. FeS0 4 -7H 2 0 in distilled water and dilute to 100 ml. 

Sulfuric Acid, Concentrated. 

Silver Sulfate. 

Procedure.— Pipet into a 300- or 500-ml. flask a 50-ml„ well-mixed sample, or 
dilute an aliquot to 50 ml. with distilled water. Add with a pipet 25 ml. standard 
0.02500 N K 2 Cr 2 0 7 , then stir in carefully and thoroughly 75 ml. concentrated 
H 2 S0 4 . (If the sample is known to contain straight-chain alcohols and organic 
acids, add 1 g. Ag 2 S0 4 at this point to catalyze the oxidation. Handle chloride 
interference by boiling the mixture of sample, K,Cr 2 0 7 , and acid for 20 min., 
cooling the digestion mixture, adding 1 g. Ag 2 S0 4 , and resuming the reflux.) Add 
boiling chips or glass beads to prevent bumping, connect the ground-glass neck 
(24/40) of the flask with a Friedrichs condenser, reflux the mixture for 2 hr. or 
any shorter period known to yield maximum oxidation. After the flask contents 
have cooled, wash down the condenser with about 25 ml. distilled water, and 

is Moore, IV. A., Kroner, R. C., and Ruchhoft, C. C., Anal. Chem., 21, 953, 1949. 
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quantitatively transfer the mixture to a 500ml flask with 4 to a distilled water 
washes Dilute to about 3a0 ml with distilled water cool to room temperature 
add 8 to 10 drops phenanthroline ferrous sulfate indicator and titrate the res dual 
KCrO with standard 0 02 j \ Fe(NH 4 ) (S0 4 ) 2 until the color changes from blue 
to red Carry a 50 ml distilled water blank through the entire procedure m 
eluding the reflux operation 

, (A - B) X V X 8000 „ 

COD milligrams per liter — - — • — C 

n milliliters of sample 

where A ~ milliliters o( Fe(NH 4 ) (S0 4 )- titration for blank 
B — milliliters of Fe(NH 4 ) (SO,) 2 titration for sample 
C = chloride correction — milligrams per liter of Cl X 0 23 and 
\ - normality of Fe(NH,) 2 (SO ,)2 titiant 

OWGEN CONSUMED FROM PERMANGANATE 
Two versions of the oxygen consumed from permanganate method are in use 
for estimating the strength of organic pollution in streams One modification 1 as 
tens the oxidative reaction by elevating the sample temperature over a shorter 
time The other determination is conducted near room temperature for an ex 
tended period Since both procedures are empirical experimental conditions 
must be uniform for the results to have significance Clean glassware is mandator) 
Reagents Standard Potassium Permanganate Solution 0 012a A —Filter tie 
supernatant from an aged solution of 0 1 \ kMn0 4 through a fritted glass cru 
able and dilute 1 9 5 ml to 100 ml with distilled water Standardize the solutioi 
dailv as desenbed under Calcium p 2410 ibove 1 he equivalci ce of 0012a \ 
KMn0 4 is 0 100 mg ox^en consumed per 1 00 ml 
Sulfuric Acid Solution 1 + 3 Add 0 0125 \ kMn0 4 solution until a very faint 
color persists after 4 hr 

Sodium Sulfite Dechlormating Solution 0 025 A —1 575 g per 100 ml 
Reagents for Half Hour Method Standard Ammonium Oxalate Solution 
0 0125 A Dissolve 0 8882 g (NH 4 ) C_0 4 H..O dried at 10 j“C and dilute to 
1000 ml with distilled water 

Reagents for Four Hour Method Standard Sodium Thiosulfate Titrant 

0 0125 N— In a 1 liter volumetric flask place 06 g NaHC0 3 and dilute 125 tnl 

01 JV Na S„0 3 with distilled water Prepare daily and standardize as described 
in lodometric Method under Residual Chlorine p 2415 above 

Starch Indicator 
Potassium Iodide 

Procedure— IV hen the residual chlorine exceeds 0 5 mg per liter dechlor»’ Jt£ 
the sample with a minute amount of 0 025 A Na 2 S0 3 solution to the 0 05 mg p er 
liter level Do not declilormate completel) 

Half Hour Method 1 — Pipet 100 ml well mixed sample and 100 ml distille 
water into separate 2a0ml flasks and treat both the sample and Wank alkf 
throughout the procedure Add 10 ml 1+3 H^S0 4 and 10 00 ml stamhr 
0 012a A kMn0 4 Immerse the flask in a boiling water bath for exactly 30 nun 
making certain that the liquid level in the flask is completely submerged in £ 
boiling water throughout the enure period If the kMn0 4 color in the 
grows famt or disappears take a smaller volume and dilute to 100 ml "in * 
tilled water before repeaung the procedure Introduce 10 00 ml standard 00 0 
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(NH 4 ) 2 C 2 0 4 solution, and, while still hot, titrate with standard 0.0125 N KMn0 4 
to a faint pink end point. 


Oxygen consumed from KMnCX, milligrams per liter 


(A - B) X N X 8000 
milliliters of sample 


where A = milliliters of titration for sample, 

B = milliliters of titration for distilled water blank, and 
N = normality of KMnO^ titrant. 


Four-Hour Method. 17 — Measure 250 ml. well-mixed sample and 250 ml. distilled 
water into separate 400-ml., glass-stoppered bottles, and bring to 27°C. Treat both 
the sample and blank alike throughout the procedure. Add 10 ml. 1+3 H 2 S0 4 . 
With a volumetric pipet introduce an appropriate volume of standard 0.0125 N 
KMn0 4 . Select a KMn0 4 volume in sufficient excess to require a back-titration 
of 5 to 15 ml. at the end of 4 hr.; and, in any case, use no less than 10.00 ml. 
KMn0 4 . Gently rotate the bottle to mix the contents, and place in a water bath 
or incubator at 27°C. for exactly 4 hr. Several times during the incubation, mix, 
by gentle rotation, any sample that contains appreciable suspended matter. Cool 
to room temperature, add a few small crystals KI, mix, and titrate the contents of 
the bottles with standard 0.0125 N Na 2 S 2 O s titrant. Add 1.0 ml. starch indicator 
when the color turns pale straw, and complete the titration to the first disappear- 
ance of the blue color. 


Oxygen consumed from KMnO^, milligrams per liter 

= lU - B) - (C X £>)] X 8000 
milliliters of sample 

where A — milliliters of standard KMnOj solution added, 

B = normality of standard KMnCX solution, 

C = milliliters of standard Na2S20a titration, and 
D = normality of standard Na2S20j titrant. 


DISSOLVED OXYGEN 2 - 11 -' J0 * ! 50 

The azide modification of determining dissolved oxygen is applicable to most 
waters that are not heavily polluted. Nitrite and ferrous ions must be less than 
0.1 mg. per liter and 1 mg per liter, respectively. Appreciable quantities of such 
oxidants as hypochlorite and free chlorine, reductants such as sulfite, thiosulfate, 
and polythionate, and sugars and starches interfere. The addition of 1 ml. KF 
before acidification overcomes the effect of ferric concentrations below 200 mg. per 
liter, when the titration is completed without delay. An alternative to the use of 
KF in overcoming ferric interference resides in the substitution of H 3 P0 4 for 
H 2 S0 4 in the final acidification. 

Reagents. Standard Sodium Thiosulfate Titrant, 0.025 AL-Dilute 250 ml. 0.1 N 
Na 2 S 2 0 3 to 100 ml. with freshly boiled and cooled distilled water. Preserve with 
5 ml. CHC1 3 , or 0.4 g. NaOH, or 4 g. Na 2 B 4 0 7 - 10H 2 O and 10 mg. Hgl 2 for each 
liter of solution. Standardize daily as follows: dissolve 2 g. KI in 180 ml. dis- 
tilled water contained in a flask; add 1 ml. concentrated H 2 S0 4 and 20.00 ml. 
standard 0.02500 N KH(I0 3 ) 2 , and titrate with the Na 2 S 2 0 3 titrant to the first dis- 

10 Alstciberg, G., Biochem. Z., 159, 36, 1925. 

so Placak, O. R„ and Ruchhoft, C. C„ Ind. Eng. Chem., Anal. Ed., 13, 12, 1941. 
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appearance of the blue starcn indicator color The equivalence of 0 02o00 \ 
Na S 2 0 3 is 0 200 mg dissolved oxjgen per 1 00 ml 
Standard Potassium Bi lodate Solution, 0 02500 A r —Dissolve 0 8124 g 
kH(!O i )_ primary standard grade (dried at 10o°C) and dilute to 1000 ml vuth 
distilled water 

Manganous Sulfate Solution Dissolve 480 g MnS0 4 4H 2 0 or 400 g MnSO, 
2H O or 364 g \InS0 4 H O in distilled water filter and dilute to 1 liter 
Alkaline Iodide Azide Solution —Dissolve 500 g NiOH (or 700 g KOH) and 
135 g Nil (or laO g kl) in distilled water and dilute to 1 liter Dissolve 10 g 
NaN, m 40 ml distilled water and add to the alkaline iodide solution 
Potassium Fluoride Solution —40 g kF 2H_OperlOOml 
Starch Indicator 
Sulfuric Acid Concentrated 

Procedure —Collect the dissolved oxygen sample and add 1 ml kF solution 
2 ml M i iS0 4 solution 2 ml alkaline iodide azide reagent and 2 ml concentrated 
H S0 4 as described in the second method for preservation of dissolved oxjgen 
under Collection of Simple p 23 ( to above From the sample bottle remove 200 
ml of the treated sample place in a 500 ml flask and titrate the liberated iodine 
with standard 0 02a \ Na S 2 0 3 Add 1 to 2 ml starch indicator when the color 
turns pale straw and complete the titration to the first disappearance of the blue 
color Ignore the reappearance of a blue color caused by nitrite and ferric ions 
Coirect the 200 ml sample aliquot for the reagents added to a 300 ml bottle 
as follows 

300 

Corrected sample aliquot = 200 X ^ _ - 

where y lepresents the total volume of reagents added to the sample bottle (If 
1 ml kF 2 ml MnS0 4 and 2 ml alkaline iodide azide reagent are all used 
) 1+2 + 2 5) 

Calculate the dissolved oxygen by substituting in the following equation 

„ . AX NX 8000 

DO milligrams per liter — — 

where A = milliliters of titration for sample aliquot, 

B — milliliters of corrected sample aliquot, and 
\ = normality of Na 2 SiC >3 

To express the results in milliliters of oxygen gas per liter at 0°C and 760 mm pressure, 
multiply milligrams per liter of dissolved oxygen by 0 698 

BIOCHEMICAL OXYGEN DEMAND (BOD) s 

The biochemical oxygen demand BOD assesses the degree of stream pollution 
by measuring the oxygen consumed through bacterial and chemical action in a 
closed simple held at 20° ± 1°C for 5 days For this reason the dilution water 
should be free of any agents likely to inhibit bacterial activity and should be 
saturated with oxygen 

This determination is affected by the qhality of the dilution water the effective 
ness of the seed and the technique of the anal)st Storage vessels for dilution 
water and incubation bottles should be regularly cleaned with a good detergent 
thoroughly rinsed and drained to minimize contamination A good quality 
tion water should be saturated with air at 20°C to a dissolved oxygen Jeve 
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approximately 9 mg. per liter. Precautions should be observed at all times to 
avoid oxygen supersaturation in both the dilution water and the sample. Any 
preliminary heating of the sample to 20°C. should be carried out in a manner to 
keep oxygen supersaturation at a minimum; otherwise, the subsequent loss during 
incubation will lead to fictitiously high results. The importance of the proper 
seed cannot be overemphasized with respect to industrial discharges. Some sewage 
seeds are relatively ineffective for such situations and yield low B.O.D. values. 
Past experience is the best guide for determining the amount and type of seed 
suitable for a particular sample or group of samples. 

Clean and fairly clean river waters seldom exhibit a B.O.D. in excess of 3 mg. 
per liter; therefore, samples from such sources can be run without dilution. The 
B.O.D. of river waters of doubtful purity, on the other hand, may exceed 5 mg. 
per liter, with polluted streams approaching 10 mg. per liter or more. The latter 
samples obviously must be diluted. 

Reagents .— Distilled water of the highest quality should be used for the prepara- 
tion of all solutions and dilution water. Stills constructed of block tin or glass 
will yield the required distillate, which must be free from Cu, chlorine, chloramines, 
caustic alkalinity, organic material, or acids. 

Stock Solutions for the Preparation of Dilution Water. Phosphate Buffer Solu- 
tion , pH 7.2.— Dissolve 8.5 g. KH 2 P0 4 , 21.75 g. K 2 HP0 4 , 33.4 g. Na 2 HP0 4 -7H 2 0 
(or 17.7 g. Na 2 HP0 4 ), and 1.7 g. NH 4 C1 in 500 ml. distilled water and dilute to 
1 liter. Add this buffer just before the dilution water is to be used. 

Magnesium Sulfate Solution.— 22.5 g. MgS0 4 -7H 2 0 per liter. 

Calcium Chloride Solution— 27 .5 g. CaCl 2 per liter. 

Ferric Chloride Solution.— 0.25 g. FeCl a -6H 2 0 per liter. 

Preparation of Dilution Water.— Aerate the distilled water at 20°C. by: allowing 
a cotton-plugged bottle to stand 2 to 3 days until the distilled water becomes satu- 
rated with atmospheric oxygen; shaking a partially filled bottle of distilled water 
to absorb atmospheric oxygen; or bubbling clean compressed air through the dis- 
tilled water. Place the required volume of distilled water in a suitable bottle and 
add to each liter 1.0 ml. of each of the stock solutions. Discard unused dilution 
water after 1 week’s storage to prevent errors arising from possible nitrification. 
If necessary, seed each liter of the dilution water with sewage organisms in one 
of the following ways: add 1 to 10 ml. settled domestic setvage that is 24 to 36 hr. 
old; add 1 drop lactose broth from a bacteriological tube, which tests positively 
for coliform organisms; add 10 to 50 ml. river water. Select that amount of seed 
which produces an oxygen depletion in the blank of no less than 0.6 mg. per liter 
after 5 days’ incubation. Use the seeded dilution water only on the day it is made. 

Sodium Sulfite Dechlorinating Solution, 0.025 A 7 .— 1.575 g. per 1000 ml. 

Brom thymol Blue Indicator Solution.— 0.1 g. per 100 ml. 

All Reagents Required for the Dissolved Oxygen Determination. 

Sulfuric Acid, 1 N. 

Sodium Hydroxide, 1 N. 

Procedure. Pretreatment.— (a) Neutralize a sample containing caustic alkalinity 
or acidity to pH 7.0 by adding 1 N H 2 S0 4 or 1 N NaOH. Use a pH meter or 
bromthymol blue as an external indicator, (b) Allow residual chlorine concen- 
trations of 0.1 mg. per liter or less to dissipate by standing 1 to 2 hr. Treat higher 
chlorine residuals by determining the residual chlorine concentration, and then 
adding the exact amount of 0.025 N Na 2 SO a solution to reduce the chlorine, 
(c) Place the sample supersaturated with dissolved oxygen in a partly filled bottle, 
caicfully bring the temperature to 20°C. (warming if necessary), and shake vigor- 
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ously or aerate with compressed air (d) If the dissolved oxygen content of the 
sample exceeds 9 2 mg per liter or falls below 6 9 mg per liter shake the simple 
vigorously to saturate with atmospheric oxygen using a partially filled bottle for 
the shaking operation then carefully siphon the oxygen saturated sample n to 
duplicate 300 ml B O D bottles 

Treatment of Undiluted Sample — U hen the BOD value of the water sample 
is less than 5 0 mg per liter fill two 300 ml BOD bottles to overflowing tightly 
stopper 15 mm later without entraining air bubbles place 1 bottle m a 20° ± 1*C 
air incubator for o days and determine the immedi ite dissolved oxygen of the 
sample in the second bottle Protect the bottle contents against the entry of air 
by adding water to the flaied mouth of the BOD bottle or by inverting tie 
BOD bottles in a tray of water Use a constant temperature water bath set at 
20 ±1 C in place of an unavailable incubator Cover the bath to exclude aiy 
penetration of light into the bottles 

Preparation of Sample Dilutions — W hen the BOD value exceeds 5 0 mg per 
liter prepare such sample dilutions as 1 + I 1 + 2 1+3 or 1+4 so that no more 
than one half to two thirds of the oxygen will be consumed m the dilution during 
incubation Use 1 of the following 2 approaches (a) Carefully siphon standard 
dilution water seeded if necessary into a 1 or 2 1 graduated cylinder Fill the 
cylinder half full without undue aeration of the contents Add the proper volume 
of carefully mixed sample to secure the desired dilution and dilute to the appropri 
ate mark with dilution water Mix gently but thoroughly with a plunger type rod 
guarding against air entrainment Siphon the mixed dilution into two 300 ml 
BOD bottles arid fill to the top so that the glass stopper can be tightly inserted 
into the bottle 15 mm later without entraining air bubbles Place 1 bottle in a 
20 ± 1°C ail incubator for 5 days and save the other bottle for the immediate 
determination of the dissolved oxygen content of the diluted sample W iter seal 
and incubate as prescribed undei Treatment of Undiluted Sample immediately 
above (b) With a lirgetip volumetric pipet add a definite volume of sample 
to a 300 ml BOD bottle of exactly known capacity fill the bottle with dilution 
water to the top and tightly stopper 15 mm later without entraining air bubbles 
Water seal and incubate as dnected under Treatment of Undiluted Sample 
Determination of Dissolved Oxygen —Complete the determination as directed 
/ under Dissolved Oxygen p 24o7 above 

Seed Correction —Determine the oxygen absorption of the seed by preparing 
a senes of seed dilutions Reject those dilutions that fail to give a 40 to 70°^ 
oxygen depletion for a days Use 1 of the depletions m the accepted range to 
calculate the correction due to the small amount of seed in the dilution water 
Technique Check —Check the quality of the unseeded dilution water by filhi n 
2 bottles in the accepted manner incubating 1 bottle along with the diluted sam 
pies and determining the dissolved oxygen before and after incubation Even 
though the oxygen depletion should be less than 0 2 ml and preferably less than 
0 1 ml do not apply the results as a blank correction 
Calculations For an Undiluted Sample — 

BOD, milligrams per liter = DO 15 min after preparation — DO after incubation 
for a Diluted and Unseeded Sample — 


BOD milligrams per liter = — — — — - 
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For a Diluted and Seeded Sample.— 

B.O.D., milligrams per liter 


(■Pi ~ Pi) ~ Cgi ~ Bi)f 
P 


where DO = dissolved oxygen content in milligrams per liter, 

Z>i = DO of diluted sample 15 min. after preparation, 

Do = DO of diluted sample after incubation, 

P = decimal fraction of sample used 

milliliters of dilution water -f- milliliters of sample 
milliliters of sample 

Bi = DO of dilution of seed control before incubation, 

Z ?2 = DO of dilution of seed control after incubation, and 
percentage of seed in diluted sample 
^ percentage of seed in control B\ 

Accept as most reliable those sample dilutions showing a residual dissolved oxygen 
of at least 1 mg. per liter, a minimum oxygen depletion of 2 mg. per liter, or those 
dilutions where no more than one-half to two-thirds of the oxygen is consumed. 

RESIDUAL OZONE 2 

The iodometric titration of residual O a is the method of choice because of its 
reliability, acceptable precision, and susceptibility to fewest interferences. The 
orthotolidine-arsenite (OTA) method is satisfactory for routine estimations when 
0 8 is applied to a water supply for disinfection or taste and odor control. Since 
other strong oxidants are normally absent in waters of potable quality, the result- 
ing yellow color is proportional to the O s concentration. 

The instability of residual O s and the impossibility of preservation dictate the 
prompt performance of the determination. Sample aeration should be kept at a 
minimum during collection to avoid 0 3 loss. 

IODOMETRIC METHOD 

Reagents. Standard Sodium Thiosulfate Titrant, 0.005 A T .— Dilute 50 ml. 0.1 N 
Na 2 S 2 0 3 to 1000 ml. with distilled water. Standardize daily against standard 
0.005000 N KH(I0 3 ) 2 , using the same volumes of KI solution, concentrated H„S0 4 , 
and starch indicator as in the actual sample titration. The equivalence of 0.0050 A r 
Na 2 S 2 0 3 is 0.120 mg. 0 3 per 1.00 ml. 

Standard Potassium Bi-iodate Solution, 0.005000 A.— Dissolve 0.1625 g. KH(10 S ).„ 
primary standard grade (dried at 105°C.), and dilute to 1000 ml. with distilled 
water. 

Potassium Iodide Absorbant Solution.— Dissolve 20 g. KI in 1 liter freshly boiled 
and cooled distilled water. Store in an amber bottle. 

Sulfuric Acid, Concentrated. 

Starch Indicator. 

Procedure — Taking precautions to minimize O s loss through aeration, collect an 
800-ml. sample in a 1-liter, standard gas washing bottle with a medium-permeability, 
porous-plate diffuser at the bottom. With a stream of pure air or nitrogen sweep 
all the 0 3 from the sample into the 500-ml. absorber containing 400 ml. KI absorb- 
ant solution at a rate of 200 to 1000 ml. per minute for 5 min. Transfer and rinse 
the KI absorbant into a 1000-ml., white porcelain casserole, flask, or beaker, and 
add 1 ml. concentrated H 2 SQ 4 or sufficient acid to reduce the pH below 2.0. 
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Immediately titrate with standard 0 005 N Nj 2 s j °3 Add 4 ml. starch indicator 
when the color turns pile straw and complete the titration to the first disappear 
Mice of the blue color Determine the blank titration by taking 400 ml kl soln 
tion 1 ml concentrated H_^0 4 and 4 ml starch indicator through the entire 
procedure 


O3, milligrams per liter = 


(A - B) X N X 2400Q 
milliliters of sample 


where A = milliliters of utration for sample, 

B = milliliters of titrauon foi blank, and 
N cs normality of Na^SjOa 


ORTHOTOLIDI\E ARSENITE (OTA) METHOD 
The otolidine and NaAsO, reagents chromate dichromate color standards and 
apparatus employed in the OTA method for 0 3 are the same as those used in the 
OTA method for residual chlorine On the average the yellow color developed 
by 0 3 approximates that of a comparable quantity of chlorine 
Procedure —Use 0 5 ml o tolidine reagent and 0 5 ml IsaAsCL solution for each 
9 5 ml simple taken Place the proper \olume of o tolidme reagent in the tube 
or bottle and add a mcisured \olume of water sample Mix rapidly and thor 
oughly and witlun 5 sec add the proper volume of NaAsO> solution Mix. again 
and promptly compare the color igainst permanent color standards Record as 
reading A Into a second tube or bottle place a similar aolume of NaAs0 2 solution 
lollowed by the same volume of ivuer sample used for the first tube or bottle Mix 
ripidly and thoroughly, and add the original volume of otolidine reagent Mix 
again and promptly compare the color against permanent color standards Record 
as reading B 


O3, milligrams per liter = reading A — reading B 


pH VALUE 2 11 

The best results are achieved with an assembly whereby the sample water flows 
at its natural temperature directly past the electrode system In the absence of 
this ideal arrangement the pH should be determined at the time of sample collec 
non, or as soon thereafter as possible If a sample must be transported to the 
laboratory, the determination should be performed immediately after the sample 
bottle is opened These precautions art necessary because the pH obtained in 
the laboratory may difler from the actual and true pH, by virtue of reactions that 
may occur within the sample upon standing Among the sample reactions that 
can influence a delayed result are oxidation, hydrolysis, interactions with the sedi 
ment loss of dissolved gases absorption of laboratory fumes and deposition of 
CaC0 3 or other salts 

Reagents. Buffer Solutions.— All the salts used in the preparation of the follow 
ing buffer soluuons should be dried for 1 hr at 110° to 130°C, and cooled toioorn 
temperature in a desiccator The exceptions are Na 0 B 4 0 7 10H 2 O and KH 3 C 4 O s 
2HjO, the latter should not be heated above 60°C The pH of the standard buffer 
solutions is given m Table 48 8 

Boiled Distilled "Water—’ This should be used for the preparation of all buffer 
solutions 

Potassium Tetroxalate Solution, 0 05 A/.— 12 70 g KH 3 C 4 0 8 *2H 2 0 per 1000 ml 
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Table 48-8. pH of Standard Buffer Solutions 

0.05 M 


Temp., 

°C. 

Potas- 

sium 

Tetrox- 

alate 

Solution 

Satd. 

Tar- 

trate 

Solu- 

tion 

0.05 M 
Phthal- 
ate 

Solu- 

tion 

0.025 M 
Phos- 
phate 
Solu- 
tion 

0.01 M 
Borax 
Solu- 
tion 

0.0203 M 
Calcium 
Hydroxide 
Solution 

0 

1.67 

_ 

4.01 

6.98 

9.46 

13.43 

10 

1.67 

— 

4.00 

6.92 

9.33 

13.00 

20 

1.68 

— 

4.00 

6.88 

9.22 

12.63 

25 

1.68 

3.56 

4.01 

6.86 

9.18 

12.45 

30 

1.69 

3.55 

4.01 

6.85 

9.14 

12.30 

35 

1.69 

3.54 

4.02 

6.84 

9.10 

12.14 

40 

1.70 

3.54 

4.03 

6.84 

9.07 

11.99 

50 

1.71 

3.55 

4.06 

6.83 

9.01 

11.70 

60 

1.73 

3.57 

4.10 

6.84 

8.96 

11.45 


Saturated Potassium Acid Tartrate Solution.— Prepare by shaking vigorously ex- 
cess KHC 4 H 4 O c with 100 to 300 ml. water in a glass-stoppered bottle. Filter if 
necessary, and preserve with 0.1 g. thymol. 

Potassium Acid Phthalate Solution, 0.05 M.— 10.21 g. KHC 8 H 4 0 4 per 1000 ml. 

Phosphate Solution, 0.025 M— Dissolve 3.44 g. KH 2 P0 4 and 3.55 g. Na.,HP0 4 
and dilute to 1000 ml. 

Borax Solution, 0.01 M.— 3.81 g. NagB.,0-- 10H 2 O per 1000 ml. 

Saturated Calcium Hydroxide Solution.— Prepare pure Ca(OH) 2 from well-washed 
CaC0 3 of low-alkali grade. Heat the carbonate slowly to 1000°C., and ignite for 
at least 45 min. at that temperature. After cooling, add the CaO slowly to distilled 
water with stirring, heat the suspension to boiling, cool, and filter on a sintered- 
glass funnel of medium porosity. Dry the solid in an oven, and crush to a uniform 
finely divided state. Shake a considerable excess of the hydroxide vigorously with 
distilled water at room temperature in a stoppered bottle. Allow the gross excess 
of solid to settle, record the temperature to the nearest degree C., and filter the 
supernatant with suction through a sintcred-glass funnel of medium porosity. 
Correct column 2 of the following table for the temperature of saturation accord- 
ing to the data below. 


Sat. 

Temp., 

°C. 

Solu- 

bility, 

M 

pH at °G. 

Correction 

20 

25 

30 

20 

0.0211 

m 

12.47 

12.31 

+0.015 

25 

0.0203 

■SB 

12.45 

12.30 

0 

30 

0.0195 

12.61 

12.44 

12.28 

-0.016 
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Replace when turbidity appears as a result of the contamination of the filtered 
sample with atmospheric C0 2 

\ buffer solution should be discarded when mold growth or contamination occurs 

Procedure —The differences among the makes and models of pH meters available 
commercially render impossible the formulation of a set of detailed instructions 
applicable to every satisfactory instrument For this reason the manufacturers 
recommendations for the care and operation of both the electrodes and the meter 
should be followed The glass electrode and the calomel electrode should be thor 
oughly wetted and prepared for use is specified for the particular instrument at 
hand The instrument should then be standardized under conditions of tempera 
ture ind concentration as close as possible to those of the sample using a buffer 
solution of pH approaching that of the sample The linearity of elecirode response 
should next be confirmed against at least one additional buffer of a different pH 
The electrodes should be washed free of buffer solution with distilled water and 
finalh with the sample The electrodes should be left in the sample for several 
minutes to obtain a stable reading \ final check can be made by immersing the 
electrodes m a fresh portion of the sample The sample should be subjected to a 
minimum of aeration and agitation during the entire procedure Since calomel 
electrodes deteriorate abo\e 90 C a siher silver chloride reference electrode should 
be substituted for measurements at elevated temperatures The error caused by 
high \a ion concentrations at pH measurements above 10 may be reduced b\ 
using low sodium error electrodes Approximate correction for the Na error 
with ordmiry glass electrodes may be made by consulting a chart furnished by the 
manufacturer 

Temperature exerts 2 significant effects on pH measurements the potential de 
veloped by the electrode varies with temperature and ionization in the sample 
varies with temperature The first effect can be compensated for by an adjustment 
prosided on the better commercial instruments The second effect is inherent in 
the sample and is taken into consideration by recording both the temperature and 
the pH of each sample 

PHENOLS 2 51 

The 4 ammoantipvrine reagent reacts with a group of hydroxy derivatives of 
benzene encompassing phenol ortho and meta substituted phenols and those 
para substituted phenols in which the substituent consists of a carboxyl halogen 
methoxyl hydroxy or sulfonic acid group Insensitive to the reagent arc pc resol 
and similar para substituted demames The phenol result obtained by the 4 
aminoantipyrine method represents the minimum concentration of the phenols in 
the sample for the reason that the molecular w eights of the reacme phenolic 
compounds may be higher than phenol and the spectral absorption characteristics 
of the resulting colors may differ slightly from that of phenol 

The following interferences should be removed m adsance of distillation Oxi 
dams should be reduced immediately svith an excess of FeS0 4 or NaAsCL until 3 
negative test is obtained with starch iodide paper Sulfur compounds should be 
eliminated at once by adding several drops of methyl orange indicator and enough 
H-jI’O., solution to lower the pH of the sample below 4 0 then aeratng bmfy by 
stirring before the CuS0 4 is applied Phenols in oils and tars should be reclaime 
in advance of CuS0 4 addition by adjusting the sample pH to 12 to 125 with c011 
-1 Et linger M B Rudihoft C C and Lishka R J Anal Chem 23, 17a3 lft>I 
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centratcd caustic, extracting the oil and tar from the aqueous phase by means of 
CC1 4 , and finally driving off the residual CC1 4 in die sample by warming on a 
water bath. 

Oxidants and reductants, metallic ions that react with K 3 Fe(CN) 0 , and aromatic 
amines that react with 4-aminoantipyrine interfere with the colorimetric determi- 
nation, and, therefore, must be absent. On this account, samples of unfamiliar 
waters should be distilled in order to secure a reliable result. Time, temperature, 
and pH should be carefully controlled in the sample and standards to minimize 
the effect of these variables on color development. 

When the determination must be delayed, the sample should promptly be acidi- 
fied with H 3 P0 4 solution to a pH below 4.0, using methyl orange indicator, and 
preserved by the addition of 1 g. CuS0 4 -5H o 0 to each liter of sample. The sample 
should be refrigerated until the analysis is begun as soon as possible, preferably 
within 24 hr. 

Reagents for Distillation. Copper Sulfate Solution.— 100 g. CuS0 4 -5H 2 0 per 
liter. 

Phosphoric Acid Solution.— Dilute 10 ml. 85% H 3 P0 4 to 100 ml. with distilled 
water. 

Sodium Hydroxide, 1 N. 

Chloroform. 

Sodium Chloride. 

Methyl Orange Indicator. 

Reagents for Color Development. Standard Phenol Solution.— (a) Dissolve 1.00 
g. phenol in distilled water, and dilute to 1000 ml. Standardize by mixing in a 
glass-stoppered flask 50.00 ml. stock phenol solution, 100 ml. distilled water, 40.00 
ml. standard 0.1000 N bromate-bromide solution, and 5 ml. concentrated HC1. 
After the reaction has proceeded for 10 minutes in the stoppered flask, add 1 g. KI, 
and titrate with standard 0.025 N Na 2 S 2 0 3 (prepared and standardized as described 
in “Standard Sodium Thiosulfate Titrant, 0.025 A r ,” p. 2457, above, under, "Dis- 
solved Oxygen”) to the first disappearance of the blue starch indicator color. Treat 
a blank containing 10.00 ml. standard 0.1000 N bromate-bromide solution, 150 ml. 
distilled water, and 5 ml. concentrated HC1 in exactly the same manner. Calculate 
the phenol content of the stock solution by the following equation: 

Phenol, milligrams per liter = (4 B — .4) X 7.842 

where A = milliliters of titration for phenol, and 
B = milliliters of titration for blank. 

(b) Dilute 10.00 ml. stock solution with distilled water to 1000 ml. for an inter- 
mediate dilution, (c) Then dilute 50.00 ml. intermediate dilution to 500 ml. to 
give a standard solution containing 0.001 mg. phenol per 1.00 ml. Prepare the 
intermediate and standard solutions daily. 

4-Aminoantipyrine Solution, 2.0 g. per 100 ml.— Prepare daily. 

Ammonium Chloride Solution, 50 g. per liter. 

Potassium Ferricyanide Solution, 8 g. per 100 ml.-Filter if necessary and prepare 
weekly. 

Ammonium Hydroxide, Concentrated. 

Chloroform. 

Sodium Sulfate. 
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A X 1000 B 

Phenols, milligrams per liter = — X — 

° r milliliters of sample C 

where A = milligrams of phenol found photometrically or visually. The ratio B/C 
applies only when a sample is distilled, the volume then made up to B, and an 
aliquot, C, taken from it for color development. 

PHOSPHATE 

The SnCl 2 method is suitable for determinations in the P0 4 range of 0.05 to 
3 mg. per liter, while the aminonaphtholsulfonic acid method finds greatest use 
in the range of 0.1 to 30 mg. per liter. 

Color, turbidity, As, and Ge must be absent in both colorimetric methods. 
Sulfide can be oxidized with a minimal amount of free halogens such as saturated 
bromine or chlorine water to an innocuous form. The residual bromine and 
chlorine should then be completely removed by boiling or ultraviolet irradiation. 
The low results experienced with brines may be overcome by resorting to successive 
dilutions until an essentially consistent P0 4 value is obtained. Slightly high P0 4 
values are possible in the presence of inordinate polyphosphate concentrations. 
Tolerable concentrations for soluble silicate are 100 mg. per liter in the amino- 
naphtholsulfonic acid method and 25 mg. per liter in the SnCl 2 method. Since 
SiOo yields an additive color, a correction can be applied when necessary. The 
upper limit for the dissolved Fe concentration is 0.1 mg. in the portion taken for 
analysis in the aminonaphtholsulfonic acid method, and 0.04 mg. in the SnCl 2 
method. Nitrite interference (bleaching of the blue color) in the SnCl 2 method can 
be combatted by adding 0.1 g. sulfamic acid to the sample before introduction of the 
molybdate reagent. Chromate and strong oxidants, such as H 2 0 2 , bleach the blue 
color in the SnCl 2 method. Lignin, tannin, and hexavalent Cr may interfere in 
both methods at P0 4 levels below 1 mg. per liter. Barium, Pb, Hg, and Ag inter- 
fere by forming a precipitate in the SnCl 2 method. 

A field analysis is desirable when P0 4 precipitates in the sample on standing. 
Microbiological activity can be repressed somewhat by the addition of 5 ml. CHC1 3 
to each liter of sample and refrigeration. 

Reagents. Standard Phosphate Solution.— (a) Dissolve 0.7165 g. KH„P0 4 , dried 
at I05°C., in distilled water, and dilute to 1000 ml. Add 5 ml. CHC1 3 , and store 
in the dark to retard biological growth, (b) Dilute 100.0 ml. stock solution to 
1000 ml. to form a standard solution containing 0.050 mg. P0 4 per 1.00 ml. Prepare 
frequently and at least monthly. 

Strong Acid Solution.— Cautiously add 300 ml. concentrated Hr,S0 4 to 600 ml. 
distilled water. After the mixed solution has cooled to room temperature, add 
4.0 ml. concentrated HN0 3 , and dilute to 1 liter. 

Activated Carbon.— Nordite A, a product of American Nordite Co., Jacksonville, 
Fla., has proved satisfactory. 

Sodium Hydroxide, 6 N. 

Phenolphthalein Indicator. 

Reagents for Stannotis Chloride Method. Ammonium Molybdate Reagent.— 
(a) Dissolve 25 g. (NH 4 ) G Mo T 0 24 -4H 2 0 in 175 ml. distilled water, (b) Cautiously 
add 280 ml. concentrated H.,S0 4 to 400 ml. distilled water, (c) After solution (b) 
has cooled to room temperature, add solution (a) to solution (b), never the reverse, 
and dilute to 1 liter. 
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Stannous Chloride Reagent — Dissoh e 2o g fresh SnCl* 2H*0 in 100 ml of 
glycerol Heat in a water bath and stir with a glass rod to hasten dissolution 
This reagent is stable and requires neither preservative nor special storage 

Reagents for Aminonaphtholsulfomc Actd Method Ammonium Molybdate Re 
agent —(a) Dissolve 31 4 g (\H 4 ) 6 Mo O 4 4H O m 200 ml distilled water (b) 
Gautiouslv add 2a2 ml concentrated H*S0 4 to 400 ml distilled water After the 
mixed solution Ins cooled to room temperature add 3 4 ml concentrated HNO 
(c) Prepare the reagent b\ adding solution (a) to solution (b) never the reverse 
and diluting to 1 liter 

Aminonaphtholsulfomc Acid Reagent — W eigh out separately 0 7a g 1 amino 2 
napluhol4 sulfonic acid (use a powder no darker than a pale pink in color) g 
\a SO a and 70 g Na S O Pulverize the aminonaphtholsulfomc acid v ith a 
small propot non of the Na*S O in a clean dry mortar Dissoh e the remaining 
\a SO, and Na«S 0 3 in 900 ml distilled water add the finely ground ammonaph 
tiiolsulfoinc acidNaaS O mixture and stir to dissolve Dilute to I liter Store 
in a brown glass stoppered bottle at a temperature below 30°C 

Procediue Preparation of Glassware —Remove phosphate contamination from 
all glassware by filling each cleaned container with distilled water Add with m v 
ing 2 ml ammonium molvbdate reagent 1 ml strong acid solution and I ml 
SnCl* reagent or aminonaphtholsulfomc acid reagent Allow the reaction mature 
to touch all of the interior of the container for at least 15 min Drain rinse 
thoroughly with distilled water and reserve this glassware solely for the P0 4 deter 
mination Repeat this treatment whenever detergents or phosphate compounds are 
used for cleaning 

Preliminary Treatment of Sample —If necessary clarify the sample by centnfug 
mg or filtration Select a filter paper demonstrably free of P0 4 or alternative!! 
use any of the other appropriue filters mentioned under Residue (Solids) p °1 
below Reject the first 2d ml filtrate as insurance against contamination and 
possible adsorptive losses 

If necessarv remove interfering color by treating a 200ml sample with no 
0 2ag portions activated carbon demonstrably without effect on the P0 4 concen 
tration Shake vigorouslv for 1 min tftcr each carbon addition and pass throu li 
a dry medium textured filter paper Determine the P0 4 or polyphosphate in tl e 
filtrate bv either the SnCl method or the aminonaphtholsulfomc acid metl od 

Color Development bv Stannous Chloride Method —Pipet into a beaker 100 ml 
clear and colorless sample containing the following P0 4 concentrations 01 to 06 
mg if a 0 d cm cell will be used for the photometric reading 0 03 to 0 3 mg for 
a 2-cm cell and 0 00 9 to OOo mg for a 10 cm cell If necessary dilute an appro- 
priate aliquot to 100 ml with distilled water Add 1 to 2 drops (0 0o to 0 10 ml) 
phenolphthalein indicator and sufficient strong acid solution dropwise to discharge 
any resultant pink color Take a smaller sample volume if more than o drop 
strong acid solution are required neutralize and dilute to 100 ml with distilled 
water Prepare a blank and a series of P0 4 standards in 100 ml volume with 
distilled water Treat the blank and standards exactly as the sample througlout 
the procedure Adjust the temperature of the blank standards sampl anil rc 
agents so that all are in the 20° to 30 C range and the difference is no greater 
than ±2 C among the entire set Mixing after each addition introduce 4 0 1,1 
ammonium molybdate reagent and 0 5 ml (10 drops) SnCl 2 reagent Within 10 10 
12 min determine the absoi Lance u 6J0 nv jireftrably or at 6o0 m a spcctro- 
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photometer, or at 600 to 700 m/t in a filter photometer. The upper portions of 
the calibration curve may deviate from linearity. 

When reliance must be placed on visual color matching, prepare P0 4 standards 
of 0, 0.0025, 0.005, 0.015, and 0.025 mg. in 50-ml. Kessler tubes, and dilute to the 
mark with distilled water. Transfer only 50 ml. of the developed sample to a com- 
parable Kessler tube, and match the colors of the sample and standards. 

Color Development by Aminonaphtliolsuifonic Acid Method.— Pipet 50 ml. clear 
and colorless sample into a 100-ml. volumetric flask if the pH of the sample is less 
than 4, and dilute to die mark with distilled water. Adjust the pH of a sample 
above 10 by discharging the pink phenolphthalein color of a 50.0-ml. portion with 
strong acid solution before diluting to 100 ml. (Use the figure 25 ml. for the diluted 
sample volume in the calculation, even though 50 ml. of the diluted sample is 
taken in the succeeding steps.) Pipet into a beaker or flask 50 ml. clear, colorless, 
and pH-adjusted sample containing the following P0 4 concentrations: 0.25 to 1.5 
mg. if a 0.5-cm. cell will be used for the photometric reading, 0.025 to 0.3 mg. for 
a 2-cm, cell, and 0.0025 to 0.05 mg. for a 10-cm. cell. Prepare a blank and a series 
of P0 4 standards in 50.0 ml. volume with distilled water. Treat the blank and 
standards exactly as the sample throughout the procedure. Adjust the temperature 
of the blank, standards, sample, and reagents so that all are in the 20° to 30°C. 
range, and the variation is less than ±2 e C. among the entire set. Mixing after 
each addition, introduce 2.0 ml. ammonium molybdate reagent and 2.0 ml. amino- 
naphtholsulfonic acid reagent. After exactly 5 min., read the absorbance at 690 
mfi preferably, or at 650 m/r in a spectrophotometer, or at 600 to 700 m^ in a 
filter photometer. 


PO 4 , milligrams per liter = 


milligrams of PO4 X 1000 
milliliters of sample 


Determination of Polyphosphate.— Pipet into a beaker or flask 100 ml. clear and 
colorless sample, containing an amount of P0 4 consistent with the color-develop- 
ing procedure to be used subsequently. Add 1 to 2 drops phenolphthalein indi- 
cator and sufficient strong acid solution, dropwise, to discharge any resultant pink 
color. Then add 1.0 ml. in excess. Cover the beaker with a watch glass and boil 
gently for at least 90 min. Maintain the volume at 25 to 50 ml. distilled water. 
Alternatively, place in an autoclave or pressure cooker for 30 min. at 15 to 20 lb. 
per sq. in. Cool to room temperature, neutralize with 6 A' KaOH to a faint pink 
phenolphthalein color, and restore the original 100-ml. volume with distilled water. 
Develop the color and complete the determination by either the SnCl., method or 
the aminonaphtliolsuifonic acid method. 


Polyphosphate, milligrams per liter 

= milligrams per liter of PO4 found after boiling — milligrams per liter of 
PO4 in original sample 


Determination of Unfiltered Samples.— When the P0 4 and polyphosphate in the 
turbidity or settled precipitate of a sample must be ascertained, take two 100-ml. 
pouions of the well-shaken unfiltered sample, and follow the procedures for P0 4 
and polyphosphate. Use the second portion as the photometric sample blank to 
which all reagents are added except the ammonium molybdate reagent. Substitute 
the strong acid solution for the molybdate in the blank. 
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Hydrochloric Acid, 1 N. 

Procedure. Total Aljrha and Gross Beta Activity.— Select a sample volume that 
will yield less than 200 mg. residue for p assay, and less than 100 mg. residue for 
a assay for each 20 sq. cm. of counting pan area. Evaporate the sample to near 
dryness in a borosilicate-glass beaker or evaporating dish, after adding a few drops 
methyl orange indicator and sufficient 1 N HC1 or 1 N HNO s to adjust the pH 
to 4 to 6. Do not bake the solids. Transfer the residue to a tared counting pan 
by means of a rubber policeman and distilled water from a wash bottle. Thor- 
oughly cleanse the walls of the evaporating vessel with a few drops of acid and a 
rubber policeman, and add the acid washings to the counting pan. Avoid an 
excess of acid to reduce chemical attack of the aluminum counting pan. Dry the 
residue in an oven at 103° to 105°C., cool in a desiccator, weigh, and maintain in 
a dry condition until counting is finished. If the sample residue consists of light 
and easily air-borne particles, fix by treating with a few milligrams of lucite dis- 
solved in acetone, air-dry, oven-dry, and weigh. Count the a activity in an internal 
proportional counter at the a plateau and the p-y activity at the p plateau. 

Alpha and Gross Beta Activity of Dissolved Matter.— Filter the sample through 
a Gooch crucible, or a cellulose acetate membrane, if the suspended matter is to 
be examined. Follow the procedure for total a and gross p activity. Record the 
pertinent activity and the method of filtration employed. 

Alpha and Gross Beta Activity of Suspended Matter.— Three approaches are 
arranged in the order of preference: (a) select a sample volume that will yield 
less than 50 mg. suspended matter for a examination, and less than 100 mg. for 
p examination for each 10 sq. cm. of membrane filter area. Under suction pass 
the sample through a cellulose acetate membrane filter, and wash the walls of the 
filter funnel with a few milliliters of distilled water. Oven-dry the filter on a 
taied counting pan, saturate the membrane with 95% ethyl alcohol, and ignite. 
After combustion ceases, fix the residue to the pan, and complete the ignition with 
a Meker burner. If the sample residue consists of light and easily air-borne parti- 
cles, fix by treating with a few milligrams of lucite dissolved in acetone, air-dry, 
and count. Alternatively, handle the membrane filter by wetting the filter with 
conducting fluid, drying, weighing, and counting. In this case, include the weight 
of the membrane filter in the tare; (b) when highly polluted waters are difficult 
to filter through membrane filters, determine the total and dissolved activities, and 
calculate the activity due to suspended matter by difference; (c) filter the sample 
through an ashless mat or filter paper of stated porosity, dry, ignite, and weigh 
the suspended fixed residue. Transfer and fix a thin, uniform layer of sample 
residue to a tared counting pan by treating with a few milligrams of lucite in 
acetone. Dry, weigh, and count. 

Calibration of Over-All Efficiency of Internal Proportional Counter.— Obtain a 
standard thallium-204 solution, which is certified by the National Bureau of Stand- 
ards, and prepare with variable volumes of tap water a series of standards of 
known disintegration rate (1000 c.p.m.). When the tap water residue is low, add 
fine CaC0 3 powder to produce the variable residues up to 300 mg. in weight. 
Evaporate the standards to yield a series of uniformly deposited residues varying 
in thickness from 1 to 10 mg. per sq. cm. of bottom area in the counting pan. 
Upon drying at 103° to 105°C., weighing, and counting, calculate the ratio (ef- 
ficiency) of counts per minute to disintegrations per minute for the different weights 
of residue. Use uranyl acetate as the a calibration standard. 
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Reporting of Results —Report the a or gross p activity m the sample and the 
counting error m terms of picocunes (pc ) or nanocuries (nc ) per liter of water 

, A X 1000 

Pc or nc per liter = — — 

milliliters of sample 

where A = a or gross p activity m terms of pc or 11c 
Disregard as insignificant that a activity that is less than one half of the p count 
ing error and report the gross p activity When the a activity in cpm exceeds 
one half the p error in cpm, subtract the net a c p m from the net p c p m to 
obtain the net corrected pc pm Then calculate and report the p activity in the 
usual manner as pc or nc per liter 

Include in the report the proper sample identifying data, sample volume, type 
of test type of activity, type of counting equipment, standard calibration solutions 
used, counting time weight of sample residue, and nature and amount of radio 
activity 

RESIDUL (SOLIDS) 2 11 

Residue dried at 103° to 105°C often contains some occluded water Drying 
at 179° to 181®C usually removes most of the occluded water, converts the bicar 
bonate to carbonate more completely and may result in the loss of some chloride 
and nitrate salts The total residue at 179® to 181 °C generally agrees more closely 
with the values obtained by the summation of the individually determined min 
eral salts Water samples having an appreciable organic matter content or with 
a pH in excess of 9 0 are best dried at 179° to 181 °C 

A platinum dish and a Gooch crucible are desirable for the determination of 
fixed residues at 600*C In the temper lture range between I00°C and 185'C 
however, evaporating dishes can be constructed of nickel porcelain and silica or 
borosilicate glass The same applies to the filtering materials Diatomaceous filter 
candles, filter paper, and cellulose acetate membrane filters, as well as silica fritted 
glass porcelain stainless steel and alundum filters can be used in the 100° to 
185°C range 

Procedure Total Residue — Pipet into an ignited and weighed platinum evap 
orating dish a volume ol well mixed sample that will yield between 25 and 250 mg 
residue Evaporate the simple to dryness on a steam bath, and dry to constant 
weight in an oven adjusted at either 103° to 105°C or 179° to 181 °C Weigh the 
dish immediately after cooling to room temperature 111 a desiccator 
Fixed Residue —Ignite the residue at 600°C for 1 hr, and weigh the dish 
immediately after cooling to room temperature in a desiccator 
Filtrable and Nonfiltrable Residue.— Ignite a prepared Gooch crucible at 600°C 
for at least 30 min and weigh immediately after cooling to room temperature m 
a desiccator Mix well the suspended matter m the sample, and filter a suitable 
volume Transfer the filtrate to an ignited and weighed, platinum evaporating 
dish, and evaporate to dryness on a steam bath if the filtrable residue is desired 
Dry both the filtrable and nonfiltrable residue to constant weight in an 01 en ad 
justed at either 103° to 105°C or 179° to 181°C Weigh the dish or crucible jm 
mediately after cooling to room temperature in a desiccator 
Fixed Residue —Ignite the filtrable and/or nonfiltrable residue at 600°C for 
hr, and weigh the dish immediately after cooling to room temperature in * 
desiccator 
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Record the residue to 3 significant figures and state the drying tempeiatuie used 

milligrams of residue X 1 000 

Residue, milligrams per liter = — ; 

milliliters of sample 

SELENIUM 

DISTILLATION AND SOL METHOD 2 

Color reproducibility of the red sol in the \isual color matching method is best 
insured by subjecting the sample and Se standards to the same tieatment through 
out the distillation and color deselopment piocedure 

Reagents foi Distillation. Standard Selenium Solution.— (a) Dissolve 0 1000 g 
pure Se metal by warming with 5 ml concentrated HNO s , cautiously evapoiatmg 
just to dryness, and diluting to 1000 ml with distilled water (b) Dilute 10 00 ml 
stock solution to 100 ml with distilled water to give a standard solution containing 
0 010 mg Se per 1 00 ml Prepare the standard solution daily 

Sulfuric-Nitric Acid Solution.— One tolume conceit tiated H ,S0 4 + 2 volumes 
concentrated HN 0 3 

Hydiobromic Acid-Bromine Reagent.— Fifteen ml liquid biomine 985 ml 
48% HBr 

Sulfuiic Acid, Concentrated. 

Sodium Peroxide. 

Reagents for Visual Coloi Compauson. Gum Arabic (Gum Acacia) Reagent, 
5 g. per 100 ml.— Filter tluough a glass wool mat, and prepare daily 

Sulfui Dioxide Gas. 

Hydroxy lamine Hjdrocliloride. 

Procedwe .— Select a sample tolume (1 to 10 1) containing 0 01 to 0 10 mg Se 
Make the sample alkaline with fresh Na 2 0 2 and etaporate to 100 ml Add fresh 
Na,0 2 as needed to keep the sample alkaline throughout the concentration process 
Evaporate the final 100 ml nearly to dryness oter a steam oi water bath Oxidize 
any oiganic matter with a few drops H_,S0 4 HNO, solution 

Distillation.— Conduct the entire distillation in an efficient fuming hood because 
of the copious evolution of bromine fumes Steam out the borosilicate glass distil 
lation apparatus illustrated in Tig 48 6 (p 2432) Transfer the concentrate and 
residue to the 500 ml distilling flask Add to the evaporating -vessel a volume of 
concentrated H,S0 4 equal to the volume of the transferred concentrate, and again 
rub down the sides with a policeman to remote the clinging residue Transfei the 
H 2 S0 4 to the distilling flask Rinse the etapoiating vessel with alternate 25ml 
portions of distilled water and concentiated H ,S0 4 Restrict the total volume of 
water used, including the concentrate, to 50 to 75 ml. Maik off a circle at the 
85ml liquid level on a 100ml beaker or other suitable receiver, and tip the 
beaker containing 10 ml distilled water so that the delivery end of the vertical 
condenser is below the watei surface Introduce 60 ml HBr bromine reagent into 
the distilling flask, leplace the glass stoppei, and regulate the heating rate so that 
75 ml distillate will be recovered aftei 30 min distillation. 

Ptepaie a senes of Se standaids in the 0 to 0 100 mg range so that 50 ml of the 
total volume of 100 ml will be composed of concentrated H,S0 4 Place each 
standard in the distilling flask, add 60 ml HBr bromine leagent, and distill in the 
same manner as the sample. 
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Color Comparison —Attach a 1 m! measuring pipet by means of a 2 ft length 
of rubber tubing to the needle valve of a cylindei of S0 2 gas and adjust the gas 
bubbling rate to about 5 bubbles per second in a beaker of distilled water Place 
the gas admitting pipet in each beaker of distillate and stir with the p pet uml 
the bromine color disappears and for 5 sec thereafter Mixing after each add t on 
add 1 ml gum arable reagent and 0 5 g NH OH HCI After 1 hr transfer to 
100 ml tall form Nessler tubes for \isual color comparison 

, A X 1000 L 

Se milligrams p-r liter - — — — X — 

milliliters ol sample C 

where A milligrams of Se found visually The ratio B/C applies only when a 
sample is distilled the volume then made up to B and aliquot C taken from it 
for color dev elopment 


DIA MIS OBESZIDIh E METHOD ™ 

The diaminobenzidine photometric method is sufficiently sensitive and specific 
to enable the use of smaller samples than the distillation sol method Iodide and 
to a lesser extent bromide cause low selenium results 
Reagents Standard Selenium Solution —Prepare as described in the distillation 
sol method 

3 3 Diaminobenzidine Hydrochloride Solution 10 mg per Milliliter— Prepare 
only sufficient reagent for one day s requirements because of instability and ex 
pense 

Calcium Chloride Solution —Three g CaCl 2H O in 100 ml distilled v ater 
Ammonium Chloride Solution Ti enty five g in 100 ml distilled water 
EDTA Sodium Sulfate Reagent Dissolve 10 g disodium ethylencdiaminetetra 
acetate dihydrate and 20 g Na S0 4 in 100 ml distilled water Add concentrated 
NH,OH dropwise with stirring until dissolution is complete 
Ammonium Hydroxide 5 A 1+2 
Methyl Orange Indicator 
Hydrochloric Acid Concentrated 
Hydrochloric Acid 0 1 \ 

Sodium Hydroxide 0 1 A 
Potassium Permanganate 0 1 A 
Sodium Sulfate 
Toluene 

Procedure —Select a sample volume containing less than 0 0a mg Se For mos 
purposes a 1000 ml sample is adequate Place the sample in a 2 I beaker add 
10 drops methyl orange indicator solution and titrate to the methyl orange end 
point with 0 1 \ HCI then add 2 ml excess Add 3 drops 0 1 A KMn0 4 5 ml 
CaCl solution and several glass beads to prevent bumping Boil the volume dov n 
to 2a0 ml adding KMn0 4 as required to maintain a purple tint Then transfer 
the solution to a 500 ml flask Ignore any MnO precipitate that may form as it 
has no adverse effect 

Prepare a blank and a senes of Se standards {0 010 0 02a and 0050 mg) a" 
bring their volume to 2a0 ml in a 500 ml flask Add 10 drops methyl orange 
indicator solution 2 ml 01 A' HCI 5 ml CaCl solution 3 drops 0 1 hMi i 
Rossum J R and \illamiz P A J Am Mater Works Assn 54 746 1962 
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and several glass beads. Treat the blank and standards exactly as the sample 
throughout the rest of the procedure. 

Heat to boiling, and add more KMn0 4 as needed to maintain a slight purple 
color. Boil vigorously to expel C0 2 . After 5 min. of boiling, add 5 ml. 0.1 N 
NaOH. When the volume has decreased to 25 ml., complete the evaporation to 
dryness cautiously. Avoid prolonged heating of the residue at temperatures sub- 
stantially over 100°C. Cool the flask, add 10 ml. NH 4 C1 solution and 5 ml. con- 
centrated HC1. Float the flask on about 900 ml. gently boiling water in a 1-liter 
beaker for 10 ± 0.5 min. Transfer the solution and NH 4 C1 precipitate, if present, 
from the flask to a 250-ml. beaker, rinsing the flask with 5 ml. EDTA-Na 2 S0 4 
reagent and 5 ml. 5 N NH 4 OH. Using a pH meter, adjust the pH to 1.5 ± 0.3 
with 5 N NH 4 OH. Ignore the precipitate of EDTA that may form at this stage. 
Add 1 ml. 3,3'-diaminobenzidine hydrochloride solution, and float the beaker on 
about 200 ml. gently boiling water in a 400-ml. beaker for about 5 min. Cool, 
and, using a pH meter, add 5 N NH 4 OH to adjust the pH to 8 ± 1. (The EDTA 
precipitate will redissolve at this point.) Transfer the solution to a 50-ml. gradu- 
ated cylinder, and adjust the volume to 50 ± 1 ml. with washings from the beaker. 
Pour the contents of the graduate into a 250-ml. separatory funnel, add 10 ml. 
toluene, and shake for 30 ± 5 sec. Discard the aqueous layer, transfer the organic 
phase to a 12 to 15 ml. centrifuge tube, and centrifuge briefly to clear the toluene 
of water droplets. In the absence of a centrifuge, filter the organic phase through 
a dry filter paper, on which has been placed 0.1 g. Na 2 S0 4 . Read the absorbance 
at 420 m/i in a 1-cm. cell against a reference of pure toluene. 

_ milligrams of Se X 1000 

Se, milligrams per liter = — — — 

milliliters of sample 

SILICA 

The gravimetric method finds greatest application in the SiO a range above 
20 mg. per liter, and enables the standardization of the standard Na.,SiO g solution 
used in the colorimetric methods. The heteropoly blue colorimetric method is 
adaptable for the lowest Si0 2 range of 0.04 to 2 mg. per liter, whereas the yellow 
molybdosilicate colorimetric method is suitable in the intermediate range of 1 to 
25 mg. per liter. Reagent blanks are mandatory in all 3 methods. 

Chemicals low in SiO„ should be reserved for both the gravimetric and colori- 
metric methods in order to minimize reagent blanks. Distilled water, reagents, 
and samples should be stored in plastic containers to avert Si0 2 pick-up. 

GRAVIMETRIC METHOD 2,11 

Reagents. Hydrochloric Acid, Concentrated. 

Sulfuric Acid, Concentrated. 

Hydrofluoric Acid, 48%. 

Hydrochloric Acid, 1 + 50. 

Procedure .— Select a sample volume (1000 ml. or more) containing at least 10 mg. 
Si0 2 and preferably in excess of 100 mg. If necessary, clarify the sample by filtra- 
tion. Acidify with 2 to 3 ml. concentrated HC1, and evaporate to dryness in a 
200-ml. platinum dish on a steam or water bath. At regular intervals apply 2 or 
more portions of 2 to 3 mi. concentrated HC1, as additional increments of sample 
are transferred to the dish. Bake the evaporated residue in an oven at 110°C. for 



WATER ANALYSIS 


2476 

30 to 60 ram Add 5 ml concentrated HC1 to the dried residue, warm on the 
steam bath and follow with 50 ml hot distilled water Loosen the clinging resi 
due from the sides and bottom of the dish with a rubber policeman and collect 
the hot precipitate on an ashless medium textured filter paper Save the filtrate 
and washings Wash the dish and residue with hot 1 + 50 HCI and finally \ lt ], 
se\ eral small increments of distilled water until the washings are chloride free 
Sate the filter paper for subsequent ignition Return the filtrate and washings 
to the platinum dish and again evaDorate to dryness Bake the evaporated residue 
in an oven at 110°C for 30 to 60 min Repeat the filtration and washing steps 
but with a separate filter paper If desired retain the filtrate and washings for 
the oxalate methods for Ca and the gravimetric determination of Mg or S0 4 
Carefully char the 2 filter papers in a platinum crucible that has previously been 
ignited and weighed Burn off the final traces of paper without causing a flame 
and ignite at 1000° to 1200°C for 30 min or to constant weight Cool the cru 
cible in a desiccator and weigh Moisten the residue in the crucible with a few 
drops of distilled water add 2 drops concentrated H.,S0 4 and 10 ml 48% HF 
Cautiously evaporate to dryness on a low temperature hot plate or on a steam bath 
in a hood Again ignite the residue to constant weight at 1000° to 1200-0 Cool 
the crucible in a desiccator and weigh Carry a blank through the entire proce 
dure to correct for the SiO_ contributed by the reagents and apparatus 

S1O2 milligrams per liter = ^ ,, ^ ^ 7^- X 1000 

milliliters of sample 

where A = weight of crucible and sample residue, in milligrams, after first ignition, 

B = weight of crucible and sample residue, in milligrams, after HF treatment and 
second ignition, 

C = weight of crucible and blank residue, in milligrams, after first ignition and 
D = weight of crucible and blank residue, in milligrams, after HF treatment and 
second ignition 

COLORIMETRIC METHODS* “ 

Preliminary sample digestion with NaHCOg is designed to increase the SiOj 
available for reaction with the molybdate reagent When reliance is placed on 
NaHCOj the result is reported as total dissolved SiO, colorimetric In the 
absence of NaHCOg treatment, the result is designated as molybdate reactive dis 
solved Si0 2 

Chromate and large amounts of Fe, P0 4 sulfide tannin color and turbidity 
are potential interferences Oxalic acid treatment suppresses P0 4 and reduces 
tannin interference Inorganic sulfide can be removed by boiling an acidified 
sample The addition of 1 ml disodium ethylenediaminetetraacetate dihydrate 
(1 g per 100 ml) after the molybdate reagent overcomes high Fe and Ca 
concentrations 

Reagents Standard Silica Solution -(a) Dissolve 4 732 g Na_SiO s 9H*0 w 
boiled and cooled distilled water and dilute to 900 ml Check the concentration 
of 100 0-mi aliquots by the gravimetric method and adjust the stock solution to 
1 00 mg Si0 2 per I 00 ml (b) Dilute 10 00 ml stock solution to 1000 ml 
boiled and cooled distilled water to form a standard solution containing 0010 mg 
Si0 2 per 1 00 ml 
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Ammonium Molybdate Solution, 10 g. (NH 4 ) 0 Mo-O 24 -4H 2 O per 100 ml.— Filter 
if necessary. 

Oxalic Acid Solution, 10 g. C 2 H 2 0 4 -2H 2 0 per 100 ml. 

Sulfuric Acid, 1 N. 

Hydrochloric Acid, 1 + 1 . 

Sodium Bicarbonate (Silica-Free). 

Reagents for Permanent Color Standards in Molybdosilicate Method. Potas- 
sium Chromate Solution, 0.63 g. K 2 Cr0 4 per liter. When each 1.0 ml. of this 
solution is diluted to 30 ml. with distilled water, and then mixed with 25 ml. borax 
solution, the resulting permanent color standard is equivalent to an increment of 
0.10 mg. in the range 0.10 to 1.0 mg. Si0 2 . 

Borax Solution, 10 g. Na 2 B 4 0 7 - 10H 2 O per liter. 

Reagents for Heteropoly Blue Method. Reducing Agent.— (a) Dissolve 0.5 g. 
l-amino-2-naphthol-4-sulfonic acicl (use a powder no darker than a pale pink in 
color) and 1 g. Na.,S0 3 in 50 ml. distilled water, (b) Dissolve 30 g. NaHSO s in 
150 ml. distilled water, (c) Add solution (a) to solution (b), and filter if necessary. 
Store in a refrigerator or out of the light. Discard when the solution darkens. 

Procedure. Preliminary Treatment of Sample.— If necessary, clarify the sample 
by centrifuging or by filtration. Select a sample volume containing less than 1.0 
mg. SiO., if the molybdosilicate method is used, and 0.30 mg. if the heteropoly 
blue method is used. Pipet into a platinum dish, and dilute, if necessary, to 50 ml. 
with distilled water. Digest with 0.20 g. NaHCO s for 1 hr. on a steam or water 
bath. Cool to room temperature and neutralize with 2.4 ml. 1 N H 2 S0 4 . Com- 
plete the determination without pausing at this stage. Transfer the solution to a 
50-ml. Nessler tube, and dilute to the mark with distilled water. Develop the 
color by either the molybdosilicate method or the heteropoly blue method. 

Preparation of Silica Standards.— For the photometric molybdosilicate method, 
prepare a series of calibration standards in 50.0 ml. volume in the range 0.200 to 
1.30 mg. SiO a for absoibance measurements at 410 m/t in a 1-cm. cell, and 0.040 to 
0.250 mg. SiO a for a 5-cm. cell. Add 0.20 g. NaHCO g and 2.4 ml. 1 A r H 2 S0 4 to 
each standard. 

For the visual molybdosilicate method, prepare the following series of per- 
manent color standards by measuring from a buret 0, 1.0, 2.0, 4.0, 5.0, 7.5, and 
10.0 ml. K.,Cr0 4 solution into 50-ml., tail-form Nessler tubes. Dilute with dis- 
tilled water to a 30-ml. volume, add 25 ml. borax solution, and mix. Modify and 
adjust the tints of these permanent standards as necessary by checking with the 
color developed in comparable Si0 2 standards. Recheck and readjust the per- 
manent standards every time a new batch of ammonium molybdate and oxalic acid 
solution is prepared. 

For the photometric heteropoly blue method, prepare a series of calibration 
standards in 50.0 ml. volume in the range 0.040 to 0.300 mg. Si0 2 for absorbance 
measurements at 650 m/x in a 1-cm. cell, and 0.007 to 0.050 mg. Si0 2 for a 5-cm. 
cell. At 815 m/x, substitute the Si0 2 ranges of 0.020 to 0.100 mg. and 0.004 to 
0.020 mg. respectively. Add 0.20 g. NaHC0 3 and 2.4 ml. 1 N H 2 S0 4 to each 
standaid. 

For the visual heteropoly blue method, prepare a series of 12 equally spaced, 
temporary standards in 50-ml. Nessler tubes in the range 0 to 0.12 mg. SiO Q . 

Color Development.— To the blank, temporary or calibration standards, and 
sample add in rapid succession 1.0 ml. 1 + 1 FIC1 and 2.0 ml. ammonium molybdate 
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inadequately rinsed apparatus. Standard solutions and samples should preferably 
be stored in polyethylene bottles to minimize contamination, or, secondarily, in 
borosilicate glassware. 

Reagents. Deionized Distilled Water.— This should be used in the preparation 
of all solutions and dilutions. 

Standard Sodium Solution.— (a) Dissolve 2.542 g. NaCl, dried at 140°C., and 
dilute to 1000 ml. with water to form a solution containing 1.00 mg. Na per 1.00 
ml. Use diis solution for preparing the calibration curve in tire Na range 10 to 
100 mg. per liter, (b) Dilute 10.00 ml. stock solution to 100 ml. to form an inter- 
mediate dilution containing 0.100 mg. Na per 1.00 ml. Use this solution for pre- 
paring the calibration curve in the Na range 1 to 10 mg. per liter, (c) Dilute 

10.00 ml. intermediate dilution to 100 ml. to form a standard solution containing 
0.010 mg. Na per 1.00 ml. Use this solution for preparing the calibration curve 
in the Na range 0.1 to 1.0 mg. per liter. 

Reagents for Internal-Standard Method. Standard Lithium Solution.— Dissolve 
49.67 g. LiNO a , dried at 105°C. to constant weight, and dilute to 1000 ml. with 
water to form a solution containing approximately 5.0 mg. Li per 1.00 ml. Recali- 
brate the instrument whenever a new batch of this solution is prepared. 

Procedure .— The differences among the makes and models of satisfactory flame 
photometers render impossible the formulation of detailed instructions applicable 
to every instrument. On this account, the manufacturer’s recommendations must 
be followed for the selection of the proper photocell and wavelength, the adjust- 
ment of the slit width and sensitivity, the appropriate fuel and air or oxygen pres- 
sures, and the steps for warm-up, ignition of sample, and measurement of the 
emission intensity. 

Direct-Intensity Method. 11 — Prepare 11 Na standards in each of the following 
ranges: 0 to 1, 0 to 10, and 0 to 100 mg. per liter. Space the standards at intervals 
of one-tenth of the maximum concentration in each Na range. Starting with the 
highest standard and working toward the most dilute, measure the emission inten- 
sity at 589 m^. Construct a calibration curve by plotting the emission intensity 
(scale reading) versus concentration on linear graph paper. Record such pertinent 
data as the slit width, and fuel and air or oxygen pressures used in the particular 
Na range. 

Remove any burner-clogging suspended matter from the sample by filtration 
through an 11-cm. ashless filter paper of medium retentiveness, first making cer- 
tain that the paper is Na- and K-free. Determine the emission intensity of the 
sample at the wavelength, slit width, and fuel and air or oxygen pressures used in 
the preparation of the calibration curve. From the curve, select and prepare the 
Na standards that immediately bracket the emission intensity of the sample. De- 
termine the emission intensities of the bracketing standards (one Na standard 
slightly less and the other slightly greater than the sample) and the sample as 
nearly simultaneously as possible. Repeat the determination on both the bracket- 
ing standards and the sample. Calculate the Na concentration by the equation 
presented below, and average the 2 or more findings for a final result. 

Internal-Standard Method. 11 — Follow the procedure described in the direct- 
intensity method with the following exceptions: prepare the Na standards in 

50.0 ml. volume, then add with a volumetric pipet 5 ml. standard Li solution; 
construct the calibration curve by plotting the average emission intensity (average 
scale reading) versus Na concentration on linear graph paper; record such perti- 
nent data as the gain settings, null point, and fuel and air or oxygen pressures 
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used in each Na range, into each 50 0 ml sample (filtered if necessary), or aliquot 
diluted to 50 0 ml , pipet 5 ml standard Li solution 1 


Na, milligrams per liter = 




XD 


where A = milligrams per liter of Na concentration of the upper bracketing standard 
B = milligrams per liter of Na concentration of the lower bracketing standard' 
a = emission intensity of the upper bracketing standard, 
b = emission intensity of the lower bracketing standard, 
c — emission intensity of the sample, and 
D =» dilution ratio 

milliliters of sam ple volume + milliliters of distilled w ater volume 
milliliters oi sample volume 


GRAVIMETRIC METHOD* »».«,•« 

The appreciable solubility of sodium zinc uranyl acetate hexahjdrate in water 
places a premium on good technique throughout the procedure Lithium should 
be absent while h must be limited to a concentration of 25 mg in the 1 m! recon 
stituted solution Since k 2 S0 4 is only slightly soluble m die zinc uranyl acetate 
reagent, S0 4 should not be present concurrently with considerable amounts of K 
Organic acids such as oxalic citric, and tartaric can also interfere Phosphate and 
Si0 2 interference can be deducted after the sodium zinc uranyl acetate precipitate 
lias been dissolved and removed with warm distilled water in the final steps of the 
procedure 

Reagents. Zinc Uranyl Acetate Reagent— Mix 2 7 ml glacial acetic acid with 
100 ml distilled water Add 10 g U0 2 (C 2 H 3 0 J ), 2H..O and 30 g Zn(C.H s OJ, 
2H 2 0 to the solution and warm to dissolve On cooling, add 2 to 3 mg NaCl 
and filter the reagent after 24 hr, or just before use Store in a borosihcate-glass 
bottle 

Ethyl Alcohol Wash Solution —Saturate 95% etliyl alcohol with pure sodium 
zinc uranyl acetate, and decant or filter the solution just prior to use Prepare the 
sodium zinc uranyl acetate by adding 25 ml zinc uranyl acetate reagent to 2 ml 
NaCl solution (10 mg NaCl), stirring, collecting the precipitate m a sintered glass 
crucible, and washing 3 times with glacial acetic acid, and finally 3 times with 
ethyl ether 

EA.b.’jl EvAvts . 

Procedure.— If necessary, remove any suspended matter from the sample by fil 
tration Select a sample volume containing less than 8 mg Na and less tint) 
25 mg K. Pipet the clear sample into a 20 or 50 ml borosihcate glass beaker 
and evaporate to dryness on a steam or water bath Cool the residue to room tern 
perature, add 1 0 distilled water, and rub with a stirring rod IE the residue fails 
to dissolve, add more I 0 ml increments of distilled water to put the residue into 
solution Ignore a feathery turbidity of CaS0 4 at this point because of its subse- 
quent solubility in the zinc uranyl acetate reagent Treat with zinc uranyl acetate 
reagent in the ratio of 10 ml reagent for each 1 0 ml increment of distilled water 
required to dissolve the residue Mix, cover the beaker, and allow to stand for 
1 hr Stir periodically to prevent the formation of a supersaturated 
Collect the precipitate under suction in a weighed, medium porosity, sintered g 3 

*3 Barber, H H , and kolthoff, I M. J Am Chcm Soc, 50, 1625, 1928, 51, 3233 1929 
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crucible. Substitute a porous-bottomed porcelain filtering crucible if desired. 
Drain the filter as dry as possible under suction. Wash the beaker, crucible, and 
precipitate 5 to 8 times with 2-ml. portions zinc uranyl acetate reagent. Drain the 
crucible completely after the last wash in order to remove traces of the zinc uranyl 
acetate reagent. Next wash 5 times with 2-ml. portions ethyl alcohol wash solu- 
tion. Conclude the washing with 3 small portions ethyl ether. Continue the suc- 
tion for a few minutes until the ethyl ether is volatilized and the precipitate is 
dry. Wipe the outside and inner bottom ring of the crucible with a cloth if salts 
have crystallized there. Transfer the crucible to the balance case, and weigh after 
10 to 15 min., and again 10 min. later to check on the constancy of the weight. 
Return the crucible to the suction apparatus and dissolve the sodium zinc uranyl 
acetate by passing 100 ml. warm distilled water in small portions through the filter. 
Dry the crucible with ethyl alcohol wash solution and ethyl ether as previously 
directed, and reweigh. The difference in the weight before and after the distilled 
water treatment represents the weight of the sodium zinc uranyl acetate. 


Na, milligrams per liter = 


milligrams of sodium zinc uranyl acetate X 14.95 
milliliters of sample 


STRONTIUM 2 - 5 * 

The entire section above, on the flame photometric method under “Sodium,” 
should be examined for the general factors affecting a typical flame photometric 
determination. The standard addition method described for Sr distributes the 
same ions throughout the standards and sample, thus equalizing the radiation 
effect of possible interfering substances in both standards and sample. The back- 
ground emission intensities at wavelengths 454 and 460.7 m /i are the same, thereby 
enabling the first wavelength to be reserved for background measurement and the 
second for Sr measurement. 

Polyethylene bottles are preferred for storage of samples and standards, although 
borosilicate glassware may be used. 

Reagents. Standard Strontium Solution.— (a) Suspend 1.685 g. SrCOg, dried 
overnight at 105°C„ in 200 ml. distilled water contained in a 1-liter, borosilicate- 
glass, volumetric flask. Through a funnel, carefully add small amounts 1 + 1 HC1, 
until all the SrC0 3 dissolves. Guard against the loss of SrC0 3 due to vigorous and 
uncontrolled effervescence. After the SrC0 3 has dissolved, boil off the C0 2 for 
a few minutes, cool, and neutralize the solution to methyl red indicator with 3 N 
NH 4 OH. Dilute to the mark with distilled water to form a solution containing 
1.00 mg. Sr per 1.00 ml. (b) Dilute 25.00 ml. stock solution to 1000 ml. to form a 
standard solution containing 0.025 mg. Sr per 1.00 ml. Use this standard solution 
for preparing the calibration curve in the Sr range 1 to 25 mg. per liter. 

Nitric Acid, Concentrated. 

Procedure.— Select a sample volume containing less than 1 mg. Sr. Concentrate 
a sample having less than 2 mg. per liter of Sr by adding 0.15 to 0.20 ml. concen- 
trated HN0 3 to 250 ml. (or more) sample, and evaporating to 25 ml. Use concen- 
trated HN0 3 sparingly to avoid interference. Transfer the cooled concentrate to 
a 50-ml. volumetric flask, and dilute to the mark. 

Prepare Sr standards of 0, 2.0, 5.0, and 10.0 mg. per liter if a natural water is 
being examined, and 0, 25, 50, and 75 mg. per liter for a brine. (If necessary, 
dilute the brine sufficiently to prevent burner splatter and clogging.) In a 50-ml. 

54 Chow, T. J., and Thompson, T. G., Anal. Chem., 27, 18, 1955. 
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\ olumetric flask mix 25 0 ml sample or concentrate, containing less than 10 
Ca or Ba, with 25 0 ml of each of tlie Sr standards 
Determine the emission intensities of the sample and standards at wa\elen»ths 
460 7 and 454 m/i Follow the manufacturer's instructions for the operation of the 
flame spectophotometer equipped with a photomultiplier tube (Beckman Model 
DU or equn alent) 



Milligrams Per Liter Of Sr 

Fig 48 8 Graphical Calculation of Strontium Concentration 


Plot the net emission (intensity reading at 460 7 m/i minus the background radia 
tion reading at 454 m/i) \ersus the Sr concentration that was added to the sample 
or concentrate Inasmuch as the plot forms a straight calibration line ‘hat ,ntfr 
sects the ordinate, compute the Sr concentration by the following equation 


Sr, milligrams per liter = 


A ~ B >f D 
C X E 


where A = sample emission intensity reading at 460 7 m/i, 

B — background radiation reading at 454 m/i, and 
C = slope of calibration line 

The ratio — applies onlv when E milliliters of sample is evaporated to form a concentrate 
of 25 0 ml . the \alue for D 

Alternatively, calculate the Sr concentration by the graphical method 
Fig 48 8 53 Since the calibration line intersects the ordinate at 10< > = $ 

2\ = 20 The point on the abscissa corresponding to the ordinate valu® o 
6 0 mg per liter of Sr 

55 Reproduced with permission from Standard Methods for the Examination ' Vattt 
and Wastewater, 11th Ed The American Public Health Assn, Inc, Ivew * or • 
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SULFATE 2 - 11 

The classical gravimetric method for S0 4 is acknowledged to yield the most re- 
liable results in the concentration range above 10 mg. per liter. The turbidimetric 
method is sufficiently precise, rapid, and simple for routine use in the S0 4 range 
5 to 60 mg. per liter. 

Sulfate samples should be refrigerated or dosed with formaldehyde to inhibit 
microbiological reduction to sulfide. The pH of samples containing sulfite should 
be lowered below 8.0 in order to retard atmospheric oxidation to S0 4 . 


GRAVIMETRIC METHOD 

Coprecipitation with BaS0 4 is a common phenomenon that is affected by the 
amount and nature of the associated cations and anions. Small quantities of 
ferrous, Mg, Zn, and A1 may be tolerated. Ferric, Ca, and NO a may exert an 
adverse effect in appreciable quantity. Turbidity and Si0 2 should be removed 
before the S0 4 is precipitated. Because positive errors may result from the oxida- 
tion of sulfite and sulfide to S0 4 during the procedure, a correction for sulfite 
should be applied by a preliminary estimate and oxidation to S0 4 . 

Reagents. Barium Chloride Solution.— Ten g. Bad., -2H 2 0 per 100 ml. 

Methyl Red Indicator. 

Hydrochloric Acid, 1 + 1 . 

Procedure— Remove the Si0 2 and suspended matter as described in “Gravimetric 
Method,” under “Silica,” p. 2475, above. 

Dilute or concentrate the filtrate from the Si0 2 determination to a convenient 
volume. 

Precipitation of Sulfate.— Select an aliquot containing approximately 50 mg. S0 4 , 
and bring the total volume to 250 ml. If the S0 4 concentration is below 50 mg., 
concentrate the total volume to 150 ml. Acidify the solution with 1 + 1 HC1 to 
the pink color of methyl red indicator, heat to boiling, and add warm BaCl., solu- 
tion dropwise with constant stirring, until precipitation seems to be complete. 
Then add 2 ml. in excess. In the presence of a small amount of precipitate use a 
total of 5 ml. BaCl 2 solution; for most other situations 10 ml. will suffice. Cover 
the beaker with a watch glass and digest at 80° to 90°C. for at least 2 lir., and 
preferably overnight. Add a small quantity of ashless filter paper pulp and at 
room temperature collect the precipitate on any one of the following filters: an 
ashless, fine textured, retentive filter paper; or a Gooch, silica, or porcelain cru- 
cible that has previously been prepared, ignited, and weighed. Wash the beaker 
and precipitate several times with small portions of warm distilled water until the 
washing becomes free of Cl. If a filter paper is used, carefully char in a crucible 
that has previously been ignited and weighed, and burn off the final traces of paper 
without causing a flame. Dry the other filters containing the precipitate. Ignite 
all crucibles at 800°C. for 30 to 60 min. or to constant weight. Cool the crucible 
in a desiccator and weigh the BaS0 4 precipitate. 


SO4, milligrams per liter = 


milligrams of BaSCb X 411.5 
milliliters of sample 


TURBIDIMETRIC METHOD 

For best results, the experimental conditions involving temperature, measure- 
ment of BaCl 2 crystals, mixing, and standing time should be kept as constant as 
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Reagents. Boiled Distilled Water.— This should be used for the preparation of 
all solutions and dilutions. 

Standard Sodium Thiosulfate Titrant, 0.025 N.— Prepare and standardize as de- 
scribed under "Dissolved Oxygen,” p. 2457, above. The equivalence of 0.02500 N 
Na 2 S 2 0 3 is 0.400 mg. S per 1.00 ml. 

Standard Iodine Solution, 0.025 N.— Dissolve 20 to 25 g. KI in 50 ml. distilled 
water, and add 3.175 g. resublimed iodine with stirring. When dissolution is com- 
plete, dilute to 1 liter, and store in a cool, dark place. Standardize daily against 
standard 0.025 N Na 2 S 2 0 3 titrant, using approximately the same volumes of con- 
centrated HC1, water, and starch indicator as in the actual sample titration. The 
equivalence of 0.02500 N iodine is 0.400 mg. S per 1.00 ml. 

Sulfuric Acid, Concentrated. 

Hydrochloric Acid, Concentrated. 

Carbon Dioxide Gas. 

Zinc Acetate Solution, 1 M, 22.0 g. Zn(C 2 H 3 0 2 ) 2 -2H 2 0 per 100 ml. 

Starch Indicator. 

Reagents for Dissolved Sulfide. Coagulant Solution.— One hundred g. A1C1 3 • 
6H 2 0 or A1 2 (S0 4 ) 3 - 18H 2 0 + 144 ml. distilled water. Filter if necessary. 

Sodium Hydroxide, 6 N. 

Procedure. Total Sulfide.— Use either a 1-liter aeration cylinder equipped with 
an alundum filter disc at the bottom, or a 1-liter, wide-mouthed bottle, surmounted 
with a 2-hole stopper, holding a fritted-glass diffuser tube and an outlet tube. 
Connect the outlet tube to a 10-bulb absorption tube or two 125-ml. conical flasks, 
with suitable connections to admit gas through the flasks in series. Pass C0 2 or 
other inert gas from a cylinder or a generator through the apparatus to displace 
the air, before introducing the sample and acidifying. 

Place 500 ml. of the specially collected sample (or an aliquot containing 0.5 to 
10 mg. sulfide) in the 1 -liter aeration cylinder or wide-mouthed bottle, and 5 ml. 
Zn(C 2 H 3 0 2 ) 2 solution and 95 ml. distilled water in the absorption tube or each 
of the 2 conical flasks. Acidify the sample with 10 ml. concentrated H 2 S0 4 , and 
for 1 hr., sweep all the sulfide from the sample into the absorption tube or the 
conical flasks with a stream of C0 2 or other inert gas. With a volumetric pipet, 
add an excess of standard 0.025 N iodine solution to the Zn(C 2 H 3 0 2 ) 2 absorbant, 
remembering that 1.00 ml. iodine reacts with 0.400 mg. sulfide. Introduce 5 ml. 
concentrated HC1, stopper, and shake. In case 2 flasks are used, apply nearly all 
of the iodine to the first flask, and half of the acid to each flask. Immediately 
titrate with standard 0.025 N Na 2 S 2 O s . Add 1 to 2 ml. starch indicator when the 
color turns pale straw, and complete the titration to the first disappearance of the 
blue color. Determine the blank titration by taking all of the reagents through 
the entire procedure. For best results, check the over-all technique by carrying a 
known ZnS standard suspension through the entire evolution process, and com- 
pare the sulfide recovery against a direct titration of an identical volume of ZnS 
standard suspension. 

l(A X B) - (C X D)] X 16000 

I otal sulfide, milligrams per liter = rrTrp : : 

milliliters of sample 

where A = milliliters of standard iodine solution used, 

B = normality of standard iodine solution, 

C = milliliters of standard Na 2 S 2 C >3 titration, and 
D = normality of standard Na 2 S 2 C >3 titrant. 
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If the sample has been collected in the field and presened with ln(C HO) 
and NaOH shake the bottle to suspend the Zn$ precipitate uniformly and rapidly 
withdraw a measured portion of the suspension With a 'volumetric pipet add an 
excess of standard 0Q2a N iodine solution and 5 ml concentrated HG1 and titrate 
with standard 0 02a \ NugSgOj as described above 
Dissolved Sulfide — Add well below the water surface 2 ml coagulant solution 
and 2 ml b \ NaOH to the specially collected 1 liter sample Immediately re 
place the stopper in a manner to avoid air entrainment and invert the bottle b 
to 9 0 times to create a O ood floe After the flod has settled and tl e supernatant 
becomes reasonabh clear {within lo min ) carefully siphon into the 1 liter aeration 
cvlmder or wide mouthed bottle taking precautions a 0 ainst sulfide loss throu h 
volatilizition and oxidation Complete the determination as described under 
Tot il Sulfide above 


Table 48 9 Conversion Factors for H S Concentration 


pH 

Factor 

pH 

Factor 

pH 

Factor 

50 

0 98 

68 

0 44 

77 

0 091 

54 

0 95 

6 9 

0 39 

78 

0 073 

58 

0 89 

70 

0 33 

79 

0 0a9 

60 

0 83 

7 1 

0 29 

80 

0 048 

62 

0 76 

72 

0 24 

82 

0 031 

64 

0 67 

73 

0 23 

84 

0 0’0 

65 

0 61 

74 

0 17 

88 

0 0079 

66 

0 56 

75 

0 14 

9? 

0 003’ 

67 

0 50 

76 

0 11 

96 

0 0013 


Unionized Hydrogen Sulfide — Deteimme the pH and dissolved sulfide of the 
original sample Multiply the dissolved sulfide concentr uion by the applicable 
factor in Table 48 9 58 to obtain the un ionized H,S concentration The factors 
are valid for a temperature of 2 j C and v dissolved mineral content below 2000 
mg per liter The factors can be used in the 20° to 3U°C range without significant 
error 


COLOR! MFTRIC MtTHOD 115 


Some strong reductants inhibit color development Cyanide in excess of 500 rag 
per liter also retards color formation Nitrite as low as 0 5 m 0 per liter imparts a 
pale yellow color Dye intermediates iron cyanides and iodide interfere in con 
centrations exceeding 10 mg per liter Polysulfides hyposulfites and Na^S 0 4 
interfere by decomposing to sulfide in acid solution Interference from sulfite and 
thiosulfate at levels of 10 to 40 mg per liter can be overcome by increasing the 
volume of FeCl 3 solution to 6 drops and the reaction time to 5 nun before the 
uldition of (NH,) 2 HP0 4 

Reagents Boded Distilled Water— This should be used lor the preparation of 
all solutions and dilutions 


Standard Sulfide Suspension —Bubble H 0 S for 2 min in 1 liter water containi £ 
3 drops I U Zn(C H 3 0 2 ) o solution Remove the excess H„S by bringing tl e so u 


Reproduced with permission from Standard Methods for the Examination ofl 
and Wastewater 11th Ed The American Pubtic Health \ssn Inc New \ork 19W 
bt Pomeroy R D Sewage Works J 8, 572 193S 13, 4Sb 1911 Anal Chera 
19a4 
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tion to a boil, and boiling for 2 to 5 rain. After cooling to room temperature, 
transfer exactly 200 ml. well mixed suspension to a flask, add an excess (10 ml. 
will suffice) of standard 0.025 N iodine solution to react with the sulfide. Add 5 ml. 
concentrated HC1, stopper, shake, and immediately titrate with standard 0.025 N 
Na„S,,0 3 to the first disappearance of the blue starch indicator color. Determine 
the blank titration on 200 ml. water and the reagents. 


S, milligrams per liter = 


[(A X B) - (C X £>)] X 16000 
E 


where A = milliliters of standard iodine solution used, 

B = normality of standard iodine solution, 

C = milliliters of standard Na 2 So 03 titration, 

D = normality of standard Na 2 S 2 C >3 titrant, and 
E = milliliters of ZnS suspension taken for titration. 

Use the ZnS suspension only on the day of preparation. This standard suspen- 
sion contains approximately 5 mg. per liter of S, or 0.005 mg. S per 1.0 ml. 

p-Aminodimethylaniline Sulfate Reagent.— (a) Cautiously add 50 ml. concen- 
trated H 2 S0 4 to 30 ml. water, and cool to room temperature. Dissolve in this 
solution 27.2 g. p-aminodimethylaniline sulfate, and dilute to 100 ml. The dis- 
coloration occurring on standing seldom impairs the utility of the stock solution. 
Dispense reagents (a), (b), and (c) with a safety pipet. (b) Dilute 25 ml. stock 
solution with 975 ml. 1 + 1 H 2 S0 4 for use in determinations of S concentrations 
in the 0.2 to 20 mg. per liter range, (c) Dilute 10 ml. stock solution with 990 ml. 
1 + 1 H 2 S0 4 for use in determinations of S concentrations below 5 mg. per liter. 

Ferric Chloride Solution.— One hundred g. FeCl 3 -6H 2 0 per 100 ml. 

Diammonium Hydrogen Phosphate Solution, 40 g. per 100 ml. 

Methylene Blue Color Solution.— (a) Dissolve 1.0 g. methylene blue dye (U.S.P. 
grade or Biological Stain Commission certified grade are recommended) in distilled 
water and dilute to 1 liter. Adjust this solution so that 1 drop (0.05 ml.) is equiv- 
alent to 1.0 mg. per liter of S. Check the methylene blue color solution by match- 
ing against the blue color developed with known sulfide standards in the colori- 
metric procedure. Store the color solution in a tightly stoppered bottle in the 
dark to maintain stability for a year, (b) Dilute 10.0 ml. stock solution to 100 ml. 
with distilled water to prepare a color solution equivalent to 0.1 mg. per liter of S 
per drop (0.05 ml.). 

Sulfuric Acid, 1 + 1. 

Procedure. Total Sulfide.— Collect the sample and precipitate the ZnS as de- 
scribed in “Samples Containing Dissolved Gases,’’ above, under “Collection of 
Samples,” p. 2394. Decant or siphon off 80 to 95% of the supernatant, guarding 
against the loss of any settled floe. Transfer the ZnS slurry to a graduated cylinder. 
In the presence of low-level S, measure the slurry volume, adjust if necessary with 
a small volume of distilled water, mix dte slurry thoroughly, and withdraw by 
pipet two 7.5-ml. portions for color development. If the S content is relatively 
high, add distilled water to bring the volume to 50 or 100 ml. or other convenient 
total, suspend the slurry uniformly, and withdraw two 7.5-ml. portions by pipet for 
analysis. 

Place the two 7.5-ml. samples into separate test tubes. To the first tube add 
0.5 ml. p-aminodimethylaniline sulfate reagent (b) or (c), depending on the sulfide 
concentration. To the second tube add 0.5 ml. 1 + 1 H 2 S0 4 . Into each tube in- 
troduce 2 drops (0.1 ml.) FeCl 3 solution, stopper, and mix by several inversions. 
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When reagent (b) is used add I 6 ml (NH 4 ) 2 HP0 4 solution to each tube 1 mm 
after the appearance of the blue color Wait 5 min before addin® the 
(NH 4 ) HP0 4 solution when reagent (c) is used Mix again by inversion Add 
dropwise methylene blue color solution (a) or (b) to the second tube until the 
color intensity in the standard matches that developed in the first tube \ te * 
vertically the blue color produced by sulfide concentrations below 3 mg per liter 
and horizontally in the 3 to 20 mg per liter range 

DXfXF 

Total sulfide milligrams per liter = — 

where D = number of drops of methylene blue color solution (a) or (b) added to second 
tube 

E = sulfide equivalent of methylene blue color solution (a) or (b) used 
F — milliliters of ZnS slurry remaining after decantation 
G — milliliters of original sample collected 

If desired measure the developed color photometrically at 670 m/i against the 
reagent blank reference Read the absorbance of very dark solutions at 7a0 mji 
Prepare the calibration curve from dilutions of standardized ZnS suspensions car 
ried through the entire procedure 

Dissolved Sulfide —Clarify the sample with 2 ml coagulant solution and 2 ml 
6 N NaOH as described m the procedure for dissolved sulfide in Iodometrc 
Method under Sulfide p 2486 above Complete the determination colorunetn 
call) on a suitable aliquot of the supernatant 

Un ionized Hydrogen Sulfide See the procedure for un ionized hydrogen sul 
fide in Iodometrtc Method under Sulfide above 

SULFITE 11 

T lus method is designed primarily for the routine control of boiler feedwaters 
subject to sulfite treatment Reductants like sulfide and certain heavy metal 10 is 
react similarly to sulfite Copper catalyzes the oxidation of sulfite on exposure 
to air especially at warm temperatures 

Reagents Standard Potassium lodate Titrant —Dissolve 0 566 g IV.IO3 dried 
it 120'C and 05 g NaHCO s in distilled water and dilute to 1000 ml The 
equivalence of this titrant is 1 0 mg Na 2 S0 3 per 1 00 ml 

Potassium Iodide Solution oO g per liter 

Starch Indicator 

Hydrochloric Acid I + 1 

Procedure -Place 10 ml 1 + \ HC1 in a 250 ml flask Rapidly add 100 ml 
sample submerging the pipet tip below the acid surface to minimize air exposure 
After adding 1 ml starch indicator solution and 5 ml KI solution titrate v ith 
standard KIO a titrant to the first appearance of a persistent blue color Deter 
mine the blank titration by carrying 100 ml distilled water through the compete 
procedure 

SO 3 milligrams per liter = (A — B) X 6 35 
NajSOj milligrams per liter = (A — B) X 10 
where A — milliliters of titration for sample 
B = milliliters of titration for blank 
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ANIONIC SURFACTANTS (SYNTHETIC DETERGENTS) 2 
Despite the common positive interferences, the methylene blue colorimetric 
method often suffices for most control operations. The carbon adsorption method, 
on the other hand, is specific and accurate for low alkyl benzene sulfonate (ABS) 
concentrations in water. The length and complexity of the carbon adsorption 
method, however, restrict its application to those situations in which a differentia- 
tion between true ABS and interferences is required. In such an event, the 
analysis can be completed by infrared measurements or by a methylene blue colori- 
metric finish. 

All glassware must be thoroughly cleansed with 1 + 1 HC1 and rinsed with dis- 
tilled water to guard against high values resulting from adsorbed ABS contami- 
nation. 


METHYLENE BLUE COLORIMETRIC METHOD 

Organic sulfates, sulfonates, carboxylates, phosphates, and phenols interfere 
positively by complexing methylene blue. Inorganic cyanate, thiocyanate, chlo- 
lide, and nitrate also contribute a positive interference by forming ion pairs with 
methylene blue. Organic materials, especially amines, which compete with the 
methylene blue in the reaction, can cause low results. Positive errors are more 
commonplace, however, in the determination of anionic surfactants in water. 

Reagents. Standard Alkyl Benzene Sulfonate Solution.— (a) Dissolve 1.000 g. 
alkyl benzene sulfonate in distilled water, and dilute to 1000 ml. A pure grade 
of ABS can be obtained from the Association of American Soap & Glycerine Pro- 
ducers, 295 Madison Ave., New York 17, N. Y.) (b) Dilute 10.00 ml. stock solution 
to 1000 ml. with distilled water to form a standard solution containing 0.010 mg. 
ABS per 1.00 ml. 

Methylene Blue Reagent.— (a) Dissolve 0.1 g. methylene blue in 100 ml. distilled 
water, (b) Transfer 30 ml. solution (a) to a I -liter mixing cylinder; add 500 ml. 
distilled water, 6.8 ml. concentrated H 2 S0 4 , and 50 g. NaH 2 P0 4 -H 2 0; shake until 
the salt dissolves, and dilute to the mark with distilled water to form the reagent. 

Wash Solution.— Carefully add 6.8 ml. concentrated H 2 S0 4 to 500 ml. distilled 
water in a 1-liter mixing cylinder, add 50 g. NaH 2 P0 4 -H 2 0, shake until the salt 
dissolves, and dilute to the mark with distilled water. 

Sodium Hydroxide, 1 N. 

Sulfuric Acid, 1 N. 

Phenolplithalein Indicator. 

Chloroform. 

Procedure .— Select a sample volume containing 0.04 to 0.2 mg. ABS, and, if 
necessary, dilute to 100 ml. with distilled water. For small amounts of ABS, take 
the following sample volumes: 400 and 250 ml., when the ABS concentration falls 
in the 0.025 to 0.08 mg. per liter and 0.08 to 0.40 mg. per liter ranges respectively. 

1’iepare the following ABS standards in 100 ml. volume with distilled water: 0, 
0.010, 0.030, 0.050, 0.070, 0.090, 0.110, 0.130, 0.150, and 0.200 mg. Treat the blank 
and standards exactly as the sample throughout the entire procedure. 

Make the sample alkaline to phenolplithalein indicator with 1 N NaOH, acidify 
with 1 N H 2 S0 4 , and transfer to a separatory funnel. Add 10 ml. CHC1 3 and 25 ml. 
methylene blue solution, rock vigorously for 30 min., and wait for the phases to 
separate. Avoid excessive agitation in order to minimize emulsion difficulties. 
Bicak up any emulsion by gentle stirring with the flattened end of a glass rod. 
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Drain the clear CHCI 3 layer into a second separatory funnel and rinse the d e 
livery tube of the first separatory funnel with 2 ml CHC1, Repeat «1 e extraction 
process 3 times with 10 ml CHCI 3 on each occasion If the blue color in the 
aqueous phase becomes faint or disappears replenish with an additional 2a ml 
methylene blue reagent Add 50 ml wash solution to the combined CHC1, ex 
tracts in the second separatory funnel and shake vigorously for 30 sec Filter tie 
organic layer through a glass wool or cotton plug into a 100 ml volumetric flask 
Repeat the washing operation 2 more times with 10 ml portions CHC1 3 R ln5e 
the filter and glass wool or cotton plug with CHCI, and add the washing to the 
volumetric flask Make up the collected extracts and washings to the mark, with 
CHC1 3 mix and measure the absorbance at 652 against a reference of pure 
CHC1, 


ABS milligrams per liter — 


milligrams of ABS X 1000 
milliliters of sample 


CARBO\ ADSORPTIO\ METHOD™ 

Reagents Benzene Alcohol Solution— Mix 500 ml benzene (thiophene free) 
420 ml methyl alcohol and 80 ml 0 5 A kOH 

Buffer Solution —Dissohe 68 g kH 2 P0 4 in 1 liter distilled water and adjust 
to pH 6 8 to 6 9 with 6 N NaOH 

ABS Extracting Solution —Four hundred mg (20 drops) 1 methyllieptylamine + 
400 ml CHClj Prepare daily 
Hydrochloric Acid Concentrated 
Sulfuric Acid 1 A 
Sodium Hydroxide 1 N 
1 Methylheptylamine 
Petroleum Ether (b p 35 to 60 C ) 

Methyl Alcohol Absolute 
Ethyl Alcohol 95% 

Chloroform 
Carbon Disulfide 
Carbon Tetrachloride 

Procedure Purification of Activated Carbon —Remove the impurities in each 
100 g unground 30 mesh activated carbon (Isuchar C 190 a product of West 
Virginia Pulp g Paper Co 230 Park Ave New York 17 N Y has pioved sat s- 
fictory) by boiling 1 hr with 1 liter benzene alcohol solution filtering the carbon 
and washing with 100 ml methyl alcohol Save the filtrate and washings and 
evaporate to dryness on a steam bath (An acceptable carbon should produce a 
soluble organic residue less than 10 mg exclusive of any residue from the solvent) 
Adsorption of ABS on Carbon —Select a sample volume containing 10 to 2o n>S 
ABS If 2 1 or less are required shake the sample vigorously for 2 min with 10 g 
granular activated carbon in a 21 glass stoppered mixing cylinder Filter off e 
carbon on a medium porosity sintered glass Buchner funnel Pass samples in excess 
of 2 1 through a carbon column at the rate of 10 g p h or less For this purpose 
charge a glass column 5 cm in dia and 600 cm long with a total of 100^g ^ 
ground 30 mesh activated carbon distributed as illustrated in Fig 48 9 s 


68 Sallee E M el al Anal Chcm 28,1822 19a6 of Water 

6» Reproduced with permission from Standard Methods for the Examination 
and Wastewater 11th Ed The American Public Health Assn Inc New xor 
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stainless steel or brass wire screens, B, to divide the carbon into sections of 20, 30, 


40, and 10 g. 

Prepare the following ABS standards in 18 1. distilled water: 25, 20, 15, 10, 5, 
and 0 mg. ABS. Mix thoroughly in a 5-gal. glass container, and by means of a 
synthetic rubber-like tubing, siphon each standard through die carbon column. 
Treat the blank and standards exactly as the sample through- 


out the entire procedure. 

Solvent Extraction of ABS.— Transfer the carbon from the 
Buchner funnel to a porcelain evaporating dish. Handle each 
of the 4 carbon sections from the glass column independently. 
Transfer each carbon section to a separate dish. After the car- 
bon has been dried at 105° to 110°C., brush into separate 2-1. 
bottles or flasks having standard taper necks, add 1 liter ben- 
zene-alcohol solution and boiling chips, and reflux under an ail 
condenser for 1 hr. Filter to chyness under suction through a 
Buchner funnel, then arrest the suction, and mix the carbon 
with 100 ml. methyl alcohol, using a glass rod. Remove the 
wash under suction. Wash with a second 100-ml. portion 
methyl alcohol. Return the carbon to the flask, add 1 liter 
benzene-alcohol solution, and again reflux for 1 hr. Repeat the 
filtration and washing with methyl alcohol. Reject the carbon. 
Combine the filtrates and washings in a large (3-1.) beaker, and 
evaporate the solvent over a steam bath. Accelerate the evap- 
oration here and hereafter by directing a stream of air or nitro- 
gen onto the surface. When the extracts from the 20-, 30-, and 
40-g. carbon sections get down to a manageable volume, com- 
bine in a single beaker. Continue to handle the extract horn 
the 10-g. section independently, however. Upon evaporation 
of the solvent, dissolve the residue in 50 ml. distilled water, and 
transfer to a 250-ml. standard taper flask. Rinse the beaker 
with 30 ml. concentrated HC1, and add slowly to the flask to 
control the C0 2 evolution. Wash the beaker with 50 ml. dis- 
tilled water, add the washing to the flask, and reflux for 1 hr. 
under an air condenser. After removing the condenser, boil 
down to a volume of 20 to 30 ml., then take down to near dry- 
ness on a steam bath. Dissolve the residue in 100 ml. distilled 



water, neutralize with 1 iV NaOH to pH 8 to 9, and extract 
with 50 ml. petroleum ether. If necessary, introduce up to 70% 
ethyl alcohol to break any emulsion. Wash the petroleum ether 
with two 25-ml. portions distilled water, reject the organic layer, 
and add the washings to the aqueous layer. Boil oft any al- 


Fig. 48-9. Car- 
bon Adsoiption 
Tube: A, Glass 
Tube; B, Wire 


Screen. 


coliol that may have been applied. Make the cooled solution just acidic to litmus 
with 1 N H„S0 4 , transfer to a 250-ml. separatory funnel, add 50 ml. buffer solu- 


tion and 2 drops (0.10 ml.) 1-methylheptylamine, and shake vigorously. Introduce 
50 ml. ABS extracting solution and 25 ml. CHC1 3 , shake for 3 min., drain the 


lower organic layer, and filter through a glass-wool plug wet with CHC1 3 . Rinse 
the glass-wool plug with 10 ml. CHCI 3 and add to the extract. If necessary, con- 
duct the filtration under suction. 00 Repeat the extraction with 50 ml. ABS extract- 


00 Fairing, J. D„ and Shoit, F. R„ Anal. Chem,, 28, 1827, 1956. 
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ing solution and 25 ml CHCI 3 shaking for 2 mm Perform a third extraction 
with 5 ml ABS extracting solution and 45 ml CHC1 3 Combine the extracts in a 
400 ml beaker and evaporate o\er a steam bath Transfer the residue with 10 ml 
CHClj to a o0 ml beaker together with three 5 ml rinses of CHC1 3 Evaporate 
to dryness and for 30 min longer oxer a steam bath to remo\e the excess amne 
Complete the procedure by the methylene blue colorimetric method or infrared 
measurement 

Methylene Blue Colorimetric Method Finish —Take up the residue in a suitable 
volume of distilled water develop the color and measure the absorbance at 6o’ 
as already described 

Infrared Measurement Finish Dissolve the residue m 1 ml CS 2 or CC1 4 and 
filter through a glass wool plug placed in a funnel stem of 2 mm bore Collect 
the filtrate in i 2 or a ml \olumetnc flask and dilute to the mark by passn® 
several rinses of the beaker through the filter Run the infrared absorption cune 
on a portion of the well mixed sample from 9 0 to 10 5 n against a solvent blank 
Measure the absorbance of the 9 6 and 9 9 * peaks using base lines from 9 a to 
9 8/i and from 9 8 to 10 1 /i From the appropriate calibration curves report the 
ABS values based on each wavelength separately For positive qualitative idem 
fication of ABS evaporate 0 5 to 1 0 ml portion ol the well mixed sample on a 
NaCI flat and record the absorption spectrum in the 2-15 n range 


ABS milligrams per liter — 


milligrams of ABS X 1000 
milliliters of sample 


TANNIN AND LIGNIN 61 

Other reducing materials react like tannin and lignin Unless either tannin or 
lignin is defimtelv known to be present in the water under examination the results 
of this determination may logically be reported in the more general terms of 
tannin like lignin like or simply hydroxylated aromatic compounds 
Reagents Standard Solution —(a) Weigh 1 000 g of the tannic acid tannin or 
lignin compound that is being used for boiler water treatment or is known to be 
a contaminant of the water sample Dissolve in distilled water and dilute to 1000 
ml (b) Dilute 50 00 ml stock solution to 1000 ml with distilled water to form 
a standard solution containing OOoO mg active ingredient per 1 00 ml (c) Dilute 
10 00 ml stock solution to 1000 ml with distilled water to form a standard solution 
containing 0 010 mg active ingredient per 1 00 ml 
Tannin Lignin Reagent —Dissolve 100 g Nv,\\ 0 4 2H 2 0 20 g phosphomoljbd c 
acid and 50 ml 85% H 3 P0 4 in 7o0 ml distilled water Reflux the solution for 
2 hr cool and dilute to 1 liter with distilled water 
Saturated Sodium Carbonate Solution —Dissolve 200 g Na C0 3 in aOO ml v arm 
distilled water and dilute to 1 liter Store in a rubber stoppered bottle 
Procedure ~ If necessary clarify the sample by centrifuging or filtration P*P et 
into a 100 ml Nessler tube a sample volume containing 0 02 to 0 15 mg tannic acid 
or 0 Oo to 0 40 mg lignin or any other appropriate concentration of the particular 
compound that is being applied for boiler water treatment or is knov n to be a 
contaminant of the water sample If necessary dilute to 50 0 ml with dstK 
water . 

Prepare the following tannic acid standards 0 0 010 0 030 00a0 0100 ai 

«i Berk A A and Schroeder W C Ind Eng Chem Anal Ed 14,456 1942 
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0.150 mg.; or a lignin standard series of 0, 0.050, 0.100, 0.200, 0.300, and 0.400 mg. 
Dilute the standards to 50 ml. in 100-ml., tail-form Nessler tubes. 

Treat the blank and standards exactly as the sample throughout the entire pro- 
cedure. Add 2 ml. tannin-lignin reagent, mix, and after 5 min., introduce 10 ml. 
saturated Nar,C0 3 solution. Mix well and allow the color to develop for 10 min. 
Measure the absorbance at 700 mu in a spectrophotometer or at 600 to 700 m/i in a 
filter photometer, using a 5-cm, cell and a reagent blank as the reference. Alter- 
natively, match the colors of the sample and standards visually. 

TASTE AND ODOR 2 


Taste and odor determinations are made on waters destined for human con- 
sumption or for the processing of food products. Odor tests are additionally per- 
formed on polluted and waste waters for 

the purpose of detecting domestic and . 

industrial discharges. 

The elevated temperature of 60°C. has // _ Nv. 

been found to improve the sensitivity of jfS 1 I 

the odor test on some samples. The taste A h H R 

test is conducted at 40°C. because the - c — — 

temperature approximates that of the hu- 
man body, thereby creating no sensation 
of hot and cold. 

The threshold odor number is defined 
as the number of times the water sample 
must be diluted to yield a barely detect- 
able odor. Cold and hot threshold tests 0 

are carried out at 40° and 60°C. respec- 
tively. 

A number of measures will contribute 
to the success of taste and odor observa- 
tions. The room reserved for the tests 

should be relatively still and free of odors 

from tobacco smoke, food, scented soaps, — 

shaving lotions, perfumes, or volatile Fig. 48-10. Generator of Odor-Free 
agents (chemicals) of any description. Par- Water: A, Direction of Tap Water Flow; 
ticipants should refrain from smoking or ! l’ Direction of Odor-Free Water Flow; 

eating immediately before the test. W here or Bottle Containing Granular, 4 by 10 
possible, the tests should be conducted on Mesh, Activated Carbon; E, 1-in. Layer 
a blind basis whereby one person prepares °f Pea-Size Gravel, 

and codes the sample dilutions for a panel 

of observers. A series of dilutions should be presented to the participants in a 
sequence proceeding from the most dilute to the most concentrated. Frequent 15- 
to 30-min. rest intervals should punctuate the observation periods in order to 
minimize fatigue of the taste and odor senses. 

Odor-Free Water .— Pass tap water through the odor-free water generator (Fig. 
48-10) at a rate of 1 liter per minute. Discard the initial output of the generator, 
as it may contain fine carbon particles. Carefully eliminate any residual chlorine 
in the effluent with an equivalent amount of 0.01 N Na 2 SO s or Na 2 S.,0 ;j . 

Procedure .— Clean all glassware internally and externally with an unscented 
cleanser or acid cleaning solution, and finally rinse several times with odor-free 
water just before use. 
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Odor Quality —Transfer 200 ml sample or an aliquot diluted to 200 ml Mth 
odor free water toaaOOml glass stoppered wide mouthed flask Prepare a 200- 
ml odor free water blank in another flask Place both flasks in a water bath or 
on a hot plate adjusted at 40°C or 60°C When the blank and sample reach the 
proper temperature (within 1“C) shake the flasks remove the stoppers and ob- 
sene the odor of the blank first and then the sample Use the qualitative descrip, 
tions m Table 48 10 rn as a guide in identifying the odor 


Table 48-10 Qualitative Description of Odors 


Nature of Odor 

Common Resemblance or 
Contributory Factor 

Causative 

Microorganisms 

Aromatic (spicy) 

Camphor cloves lavender, lemon 


Cucumber 


Synura 

Balsamic (flcu, try) 

Geranium violet vanilla 


Geranium 


Asterionella 

Nasturtium 


Aphamzomenon 

Sweetish 


Coelosphaenum 

Violet 


Mallomonas 

Chemical 

Industrial wastes or treatment 
chemicals 


Chlonnous 

Free chlorine 


Hydrocarbon 

Oil refinery wastes 


Medicinal 

Phenol and iodoform 


Sulfuretted 

Hydrogen sulfide 


Disagreeable 

Very unpleasant 


Fishy 


Uroglenopsis 

Dinobryon 

Pigpen 


Anabacna 

Septic 

Stale sewage 


Farlhy 

Damp earth 


Peaty 

Peat 


Grassy 

Crushed grass 


Musty 

Decomposing straw 


Moldy 

1 Damp cellar 


1 egetablt 

Root vegetables 



Taste Quality —Taste only a safe water by holding 10 to 15 ml of the 10 C 
sample in the mouth and expel after several seconds Record the aftertaste as 
well as the actual taste 

Threshold Odor Evaluation —Prepare a senes of 500 ml glass stoppered 
mouthed flasks containing 200 50 12 and 2 8 ml of the water sample Dilute all 
the samples except the first to 200 ml with odor free water Set up a referei a 
blank consisting of 200 ml odor free water Heat the samples and blank to 10 

*>■’ Reproduced with permission from Standard Methods for the Examination of '' a,er 
and Wastewater 11th Ed The Amencan Public Health Assn Inc New York 19w 
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or GOT. Shake the reference flask first, remove the stopper, and sniff. Repeat the 
operation with the other flasks, proceeding progressively from the most dilute to 
die final undiluted sample. Note the flask in which the odor is first observed, and 
then prepare a second, more refined series of dilutions indicated in Table 48-11. 62 

Table 48-11. Dilutions for Various Odor Intensities 
Sample Volume (ml.) in Which Odor is First Noted 
200 50 14 2.8 

Volume (ml.) of Sample to be Diluted to 200 ml. 


200 

50 

14 

5.0 

130 

40 

11 

3.3 

100 

29 

9.1 

2.2 

67 

20 

6.7 

1.3 

50 

14 

5.0 

1.0 


Record the dilution in which the odor is first detected in the new series, and calcu- 
late the threshold odor number for the stated temperature thus: 


Threshold odor number = 


A + B 
A 


where A = sample volume, 

B = volume of odor-free water. 


TURBIDITY 211 

Turbidity depends on the amount and particle size of the suspended matter in 
water. The determination is performed for the purpose of ascertaining the clarity 
of drinking and process waters. The standard instrument for measuring turbidity 
in the range 25 to 1000 units is the Jackson candle turbidimeter (Fig. 48-11). The 
instrument consists of an arbitrarily calibrated glass tube (see Table 48-12 S2 ) en- 
closed in a metal tube, which is supported over a candle. 

The turbidity results obtained with photoelectric instruments may differ from 
the values secured with the Jackson candle turbidimeter, even when the instru- 
ments are calibrated against properly standardized suspensions. 

Turbidity in the range 5 to 100 units is often determined in routine control by 
recourse to bottle standards. 

Stock Suspension .— The best suspensions are prepared with natural turbid water 
from the same source as the test water. Suspended matter or bottom sediments 
from the body of water supplying the test samples represent good alternatives. 

The objective is to suspend the material causing the turbidity in the given •water 
supply, when such known treatment chemicals as alum or carbon are involved and 
are responsible. 

Where the results with any of these materials prove unsatisfactory, Fuller’s earth 
or wet-ground diatomaceous earth are often relied upon for the production of the 
stock suspension. Approximately 5 g. dry material are thoroughly mixed with 
1 liter distilled water, and allowed to stand for 24 hr. The supernatant is with- 
drawn for subsequent dilutions without disturbing the sediment, and the turbidity 
is standardized with the Jackson candle turbidimeter. 
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Table 48-12. Graduation of Jackson Candle Turbidimeter 

Depth of Depth of Depth of 

Suspension, 11 Turbidity Suspension, 3 Turbidity Suspension, 3 Turbidity 

Centimeters Units Centimeters Units Centimeters Units 


2.3 

1000 

7.3 

300 

19.6 

110 

2.6 

900 

7.5 

290 

21.5 

100 

2.9 

800 

7.8 

280 

22.6 

95 

3.2 

700 

8.1 

270 

23.8 

90 

3.5 

650 

8.4 

260 

25.1 

85 

3.8 

600 

8.7 

250 

26.5 

80 

4.1 

550 

9.1 

240 

28.1 

75 

4.5 

500 

9.5 

230 

29.8 

70 

4.9 

450 

9.9 

220 

31.8 

65 

5.5 

400 

10.3 

210 

34.1 

60 

5.6 

390 

10.8 

200 

36.7 

55 

5.8 

380 

11.4 

190 

39.8 

50 

5.9 

370 

12.0 

180 

43.5 

45 

6.1 

360 

12.7 

170 

48.1 

40 

6.3 

350 

13.5 

160 

54.0 

35 

6.4 

340 

14.4 

150 

61.8 

30 

6.6 

330 

15.4 

140 

72.9 

25 

6.8 

320 

16.6 

130 



7.0 

310 

18.0 

120 




a Measured from inside bottom of glass tube. 

governing volumes, pH, and extraction times must be exactly reproduced in blank, 
standards, and sample. The sensitivity of the method requires the thorough cleans- 
ing of ail glassware with dilute HN0 3 , followed by rinses with Zn-free water and 
dithizone solution. A wise precaution against contamination is the segregation of 
the glassware used for the Zn determination. As in the case of all dithizone 
methods, the photosensitivity of dithizone and dithizonates imposes the necessity 
for promptly performing the extractions out of the range of strong light. Chloro- 
form, CC1 4 , and reagents of a grade satisfactory for dithizone work should be used 
exclusively. 

Reagents. Deionized Distilled Water or Redistilled Water.— These should be 
used for the preparation of all solutions and dilutions. 

Standard Zinc Solution.— (a) Dissolve 0.1000 g. pure Zn metal (30-mesh) in a 
slight excess (about 1 ml.) of 1 -f 1 HC1, and dilute to 1000 ml. (b) Dilute 10.00 
ml. stock solution to 100 ml. to form a standard solution containing 0.010 mg. per 
1.00 ml. Prepare daily. 

Dithizone Solution.— Dissolve 50 mg. diphenylthiocarbazone (dithizone) in 1 liter 
CC1 4 . Stopper tightly and store in the refrigerator. If necessary, purify the 
dithizone as described in “Dithizone-Carbon Tetrachloride Solution,” under “Cad- 
mium," p. 2408, above. 

Sodium Acetate Solution, 0.5 ill, 68 g. NaC.,H 3 0„-3Ho0 per liter.— Free the solu- 
tion of heavy metal impurities by shaking with repeated 10-ml. portions dithizone 
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solution until the final dithizone portion remains an unchanging green color 
Then shake the solution with pure CHC1 3 or CC1 4 to remove the excess dithizone 
Sodium Thiosulfate Solution 50 g NaoS 0 3 5H 2 0 in 100 ml Water— Free the 
solution of heavy metal impurities by dithizone extraction as described for 05 y 
sodium acetate solution in the preceding paragraph 
Thiosulfate Acetate Wash Solution— Mix 225 ml 0 5 M NaC 2 H 3 0 2 soluton 
10 ml Na 2 S 0 3 solution and 40 ml 1+9 HlxO a Dilute to 500 ml with later 
Sodium Sulfide Solution I g Na„S 9H a O per 100 ml —Immediately before use 
dilute 40 ml of this solution to 1 liter with water 
Bromcresol Green Indicator Solution 0 1 g per 100 ml 
Hjdrochlonc Acid Concentrated 
Hydrochloric Acid 0 1 N 
Carbon Tetrachloride 
Sodium Sulfate 

Procedure —If necessary first remove interfering amounts of organic matter by 
the steps described m Cadmium p 2407 above 
Select a sample volume containing 0 01 to 0 04 mg Zn In the case of a potable 
water that has been preserved with acid evaporate the sample (up to 100 ml) to 
dryness in i silica dish and take up the residue with 20 to 100 ml 01 \ HC1 
Prepare a blank and a series of Zn standards (0 010 0 020 0 030 and 0 040 mg) 
with sufficient water and HC1 to give an acidity of 0 I \ and a total volume equal 
to the sample Treat the blank and standards exactly as the sample througl out 
the procedure Using bromcresol green as an external or internal indicator adjust 
the pH to 4 6 to 5 5 with 0 5 M NaC 2 H 3 0 2 Add 5 ml Na S 2 O s solution, and mix 
Transfer to a separatory funnel add 10 ml dithizone solution and shake v gor 
ously for 2 0 min Drain die organic layer into a second clean separatory funnel 
Repeat the dithizone extraction 2 more times and transfer the extracts to the 
second separatory funnel Reject the aqueous layer Shake the combined extracts 
with two 5 ml portions thiosulfate acetate wash solution Then wash with 5 ml 
water Finally shake with three 5 ml portions Na 2 S solution or until the last 
portion remains colorless Filter the red zinc dithizonate layer through a small 
filter paper or a cotton or glass-wool plug or a fritted glass funnel containing a 
1 g layer of IXa 2 S0 4 into a 50 ml volumetric flask Wash the filter with a 1 ttle 
CCI 4 and add the washing to the volumetric flask Dilute to the mark with CCI 4 
mix well then determine the absorbance at 535 my against a reference of pme 
CC1 4 or the reagent blank When a CC1 4 reference is used correct the sample 
result by deducting die Zn content of the reagent blank carried through the entire 
procedure For visual color matching place the colored organic layer in a dry 
50 ml Nessler tube and compare the samples and standards by viewing transversely 
against a w hue background 

7 „ , AX 1000 B 

Zn milligrams per liter = — — — X 7; 

milliliters of sample U 

where A — milligrams of Zn found photometrically or visually The ratio B/C 
applies only when a large sample is digested for removal of organic matter inter 
ference the volume then made up to B and an aliquot C taken from U for color 
development 
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ZINCON METHOD ». “ 

The following interferences affect the zincon method: 5 mg. per liter A1 or Mn; 
7 mg. per liter ferric ion; 9 mg. per liter ferrous ion; 10 mg. per liter Cr; 20 mg. 
per liter Ni or polyphosphate; 30 mg. per liter Cu or Co; and 50 mg. per liter 
chromate. 

Reagents. Deionized Distilled Water or Redistilled Water.— These should be 
used in the preparation of all solutions and dilutions. 

Standard Zinc Solution.— Prepare as described in “Dithizone Method,” immedi- 
ately above. 

Zincon Reagent.— Dissolve 0.130 g. 2-carboxy-2'-hydroxy-5'-sulfoformazylbenzene 
(zincon) in 2 ml. 1 N NaOH, and dilute to 100 ml. with water. Prepare this red 
solution weekly, and refrigerate to maintain its stability. 

Buffer Solution.— Dilute 213 ml. 1 N NaOH to 600 ml. with water. Dissolve 
37.3 g. KC1 and 31.0 g. H 3 BO a in the solution, and dilute to 1 liter. 

Chloral Hydrate Solution, 10.0 g. per 100 ml.— Dispense this reagent with a safety 
pipet. 

Potassium Cyanide Solution, 1.00 g. per 100 ml.— Dispense this reagent with a 
safety pipet. 

Sodium Hydroxide, 1 N. 

Sodium Hydroxide, 6 N. 

Hydrochloric Acid, Concentrated. 

Sodium Ascorbate. 

Procedure. Preliminary Sample Treatment. Total Zinc .— Measure 2 portions 
of 50.0 ml. well-mixed sample into a beaker. When the sample contains color or 
turbidity, use the second portion as a sample blank to which all reagents are 
added except chloral hydrate. Substitute distilled water for the chloral hydrate 
in this situation. Add 1.0 ml. concentrated HC1, heat to boiling, and boil the 
solution for 5 min. Cool to room temperature, then, with the aid of pH paper, 
adjust the solution to pH 7 by the dropwise addition of 6 N NaOH. Transfer to a 
50-ml. volumetric flask, and dilute with distilled water to the mark. 

Dissolved Zinc .— Decant the supernatant from a settled sample and pass through 
a cellulose acetate membrane filter or an ashless, fine-textured, retentive filter paper. 
Reject the initial 25 ml. filtrate. 

Color Development.— Select a sample volume containing 0.0002 to 0.05 mg. Zn. 
Dilute or concentrate the volume to 10.0 ml., and transfer to a 100-ml. flask. 
Prepare in 10.0 ml. volume a blank and a series of Zn standards in the range 
0.0002 to 0.050 mg. Treat the blank and standards exactly as the sample through- 
out the procedure. Mixing after each addition, introduce the following reagents 
in the order listed: 0.5 g. sodium ascorbate, if the sample contains more than 0.2 
mg. per liter Mn; 1 ml. KCN solution; 5 ml. buffer solution (or enough to bring 
the pH to 9.0); 3 ml. zincon reagent; and 3 ml. chloral hydrate solution. Within 
2 to 5 min., read the absorbance at 620 m/t against the reagent blank or the special 
sample blank. Use a 1-cm. cell for measurements in the 0.001 to 0.050 mg. Zn 
range, and a 2.3-cm. cell in the range up to 0.025 mg. 

milligrams of Zn X 1 000 

Zn. milligrams per liter = — . — : 

r milliliters of sample 

03 Platte, J. A., and Marcy, V. M., Anal. Chem., 31, 122G, 1959. 
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WATER: BACTERIOLOGICAL 
EXAMINATION 

By F W Gilcreas 

Professor of Sanitary Science 
University of Florida 
Gainesville Fla 


An essential of life is a water supply of ample volume for all needs, of acceptable 
and pleasing quality and above all free from pollution and thus safe for human 
consumption Frequently treatment processes of various types are necessary to 
yield such a desirable water supply These treatment processes are designed to 
eliminate pollution and thus to make the treated water of safe as well as satishc 
tory quality Pollution usually finds access to a source of water as a result of the 
unfortunate but common practice of dispensing of all of the waste products of 
\ municipal and industrial operations by discharge into the nearest body of water 
f without consideration that the water may be required for a source of domestic 
supply of drinking water by a large or small downstream community Such wastes 
contain bacteria of many kinds including potentially the specific orgimsms that 
are the causative agents of disease in man Many other types of bacteria are nor 
mal habitants of soil and decaying vegetation and will enter water through the 
agency of surface drainage or other means Thus bacteria can be an indication 
of pollution of water and their absence or removal by treatment a measure of the 
safety of the water and the effectiveness of treatment procedures 

Technics for the detection and quantitative measurement of bacteria in water 
are thus of major importance in assuring the suitability of any water supply for 
dietetic uses or other domestic purposes 

To fully understand the technical laboratory procedures for the bacteriological 
examination of water and the interpretation of the results of such examinations 
a knowledge is essential of the specific microorganisms that are associated with 
pollution, their functions life processes and biochemical reactions, and in paiticu 
lar, their function in our environment 

BACTERIA INDICATIVE OF POLLUTION 

Although many types of bacteria may be found in water originating from the 
soil and air, only those which result from pollution by sewage or other wastes are 
important in relation to the sanitary quality and safety of water The sigiu6 ant 
ones are, of course, the pathogenic types which come from the bodies of persons 
who are til and are transmuted through the agency of the water to unmfecte P er 
2500 
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sons. However, to detect and enumerate pathogenic bacteria in water is not 
practical. Pathogenic bacteria may be present in only relatively small numbers, 
far fewer than many other species, and the technical procedures required to iso- 
late them are difficult and subject to gross interferences by the predominating 
numbers of other organisms. 

It is also possible that a water supply may be heavily polluted and yet pathogenic 
microorganisms be absent in the test portions examined. As a result the detection 
of specific pathogenic bacteria in water is not at all feasible and is seldom under- 
taken. The important factor remains that a polluted water can be regarded as 
containing pathogenic species and that these are absent in an unpolluted water 
supply. The important problem, therefore, is the detection and enumeration of 
types of bacteria in water which by their presence provide a quantitative indication 
of pollution, especially sewage pollution. 

An indicator organism for detecting pollution of water should be one which is 
specific, that is, it is always found in sufficient numbers in sewage and is not found 
anywhere else in nature, one which will survive longer under unfavorable environ- 
mental conditions than the pathogenic types potentially present in the sewage, and 
one which is readily detected quantitatively by simple and rapid laboratory technics. 
An organism, known as Escherichia coli, is a normal inhabitant of the intestinal 
tracts of warm-blooded animals, particularly human beings. It is discharged in 
huge numbers from the intestinal tract and thus is present in community wastes 
or sewage. Esch. coli is a parasitic bacterium, nonpathogenic, and in general will 
survive in water as long as the pathogenic bacteria that are discharged by persons 
ill with the enteric diseases (typhoid fever, dysentery). It is, however, closely re- 
lated to other types of bacteria which have the same feeding habits, susceptibility 
to the environment, the same appearance, and the same general characteristics but 
which are not necessarily found only in the intestinal tracts of warm-blooded ani- 
mals. These constitute a group of related bacteria. 

The laboratory technics required to detect and isolate Esch. coli and these re- 
lated bacterial forms from water are relatively simple although not as rapid as 
could be desired. Actually, it is necessary to consider this entire group of bacteria, 
and not just one individual type, as an indicator of sewage pollution. All are simi- 
lar to Esch. coli in behavior and metabolism, but all are not normal inhabitants 
of the human intestinal tract. Thus, they do not all have the same significance 
relative to possible accompanying pathogenic bacteria. However, all are found in 
sewage in large numbers and thus are of equal significance as indicators of sewage 
pollution. 

There are numerous individual bacterial types in this group, which is designated 
as the coliform group of bacteria. The coliform group is usually defined as a 
group which includes all aerobic and facultative anaerobic Gram-negative, non- 
sporeforming bacteria (rod shaped), capable of fermenting lactose (milk sugar) with 
the production of acid and gas at 35 0 C. in less than 48 hours. 

The coliform group is divided into two main sections, the coli section, which 
includes Esch. coli and certain other individuals of similar origin, and the Aero- 
bnclcr aerogenes section, which includes forms related to the coli section but found 
normally in the soil or growing vegetation. This section has as its characteristic 
member Aerobacter aerogenes which cannot be described as an intestinal type but 
is an organism associated with the soil and vegetation. The other members of 
this section are similar in their natural habitat. They may, however, gain access 
to the intestinal tracts of warm-blooded animals through food, and thus be intro- 
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duced into sewage by the same processes as the members of the coli section A icm 
bers of the aerogenes section may also be introduced into sewage through SW f att 
drainage and soil washings The important fact is that they are present in senate 
m company with the members of the coli section, although usually in smaller popu 
lation densities and are indicative of sewage and sewage pollution The coliform 
group as a whole therefore has been generally accepted as a significant indicator 
of sewage pollution when found in water Although not an entirely satisfactor) 
indicator it lias served effectively for many years as the accepted symbol of pollu 
tion and thus of water quality 

Bacteria of the cohform group are present in sewage in huge numbers several 
million per milliliter Since it is possible to detect as few as one cohform organism 
in 100 ml of water tins group is an extremely sensitive indicator of the presence 
of pollution in water 

It must be understood that the cohform group is only an indicator of potential 
sewage or waste pollution and is not necessarily a reliable indicator of the presence 
of bacteria of recent fecal origin in the water being examined Because the patho- 
genic bacteria are of fecal origin only it has frequently been stated that the coli 
form group is not a sufficiently sensitive indicator of the source or health signifi 
cance of the pollution since it may at times indicate, through predominating 
numbers of the aerogenes section pollution that is probably of vegetable and soil 
origin and is then considered to condemn water as polluted by sewage or intestinal 
discharges when such may not be the case 

Thus the suggestion has been urged that technics be developed which will permit 
detection of the bacteria of the coliform group of fecal origin only rather than 
of the entire group This however does not seem altogether desirable, since the 
cohform group by its presence in water in appreciable densities does indicate that 
pollution of fecal origin or not has found access to the water supply with conse 
quent deterioration in quality Since the primary purpose of water treatment is 
to provide a water of safe and acceptable quality anything which degrades that 
quality should not be allowed to remain Coliform bacteria are not normal 
inhabitants of water and their presence represents a condition which should not 
be acceptable Differentiation of pollution into that of fecal origin and that of 
non fecal origin becomes of no practical significance, and the cohform group should 
remain the final criterion of the bacteriological quality of water 


SAMPLING POR BACTERIAL TESTS 

As with all other analytical procedures in the examination of water an impor 
tant part of the technic is the sample Major emphasis must therefore be placed 
on the methods of sampling The sample is only a very small portion of the entire 
volume of water under treatment and must be so collected as to represent as closely 
as possible the actual conditions existing in the main body of water Thus sam 
pling points must be selected with great care and with full consideration of these 
essential factors 

The essential facts relative to the significance of sampling, the location of sa® 
pling points and the storage and transportation of the samples roust be un er 
stood The samples must be representative of the water to be examined or e 
results will have no significance 
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SAMPLES FOR BACTERIOLOGICAL EXAMINATION 

Sample Bottles— Only clean, wide-mouthed, six-ounce, glass-stoppered 1 bottles 
of borosilicate or similar glass should be used for samples to be examined bacterio- 
logically. Ordinary glass will not stand repeated heating for sterilization and may 
impart enough alkali to a sample to exert a bactericidal effect upon the sample. 
The stopper, neck, and mouth of the bottle must be protected from contamination. 
This is generally accomplished by covering with metal foil or heavy paper, such 
as milk bottle hoods, before the bottle is sterilized. 

Samples for bacteriological examination must always be collected in sterilized 
bottles since contamination of the bottles would prevent accurate evaluation of the 
results. Sterilization for this purpose is accomplished by heating the bottles at 
170°C. in an oven for one hour after the temperature has reached 170°C. When 
samples of chlorinated water are to be examined, the chlorine must be destroyed 
when the sample is collected. Otherwise the results will not be typical of the 
water at the point of collection but will represent conditions corresponding to a 
further contact period with the chlorine equal to the time of transportation to 
the laboratory. The addition of 0.1 ml. of a 10% solution of sodium thiosulfate 
(Na, ) S,,0. ! -5H 2 0) to the bottle before sterilization provides for neutralization of 
15 p. p. m. chlorine for a 100-ml. sample. 

Sampling Procedures— Sampling stations must be selected to permit the collec- 
tion of samples fully representative of the supply to be examined. Taps in distri- 
bution systems and on the discharge of pumps usually can be considered suitable. 
Leaking taps must be avoided since any water allowed to flow over the outer sur- 
face of the tap would contaminate the sample. Flaming of taps to insure sterility 
is seldom desirable. Rather the tap should be thoroughly flushed by allowing the 
water to flow with the valve fully opened. Restriction of the flow by partially 
dosing the valve will be necessary to permit filling the sampling bottle without 
spattering. 

The sterilized bottle selected for the collection of samples for bacteriological 
examination should be handled with care to avoid contamination. Hold the bottle 
at or near the bottom. Loosen the string around the protective cap and remove 
the stopper with the cap in place. Be sure that the exposed stopper is not con- 
taminated by touching anything, that the lip of the bottle is not contaminated 
by the hands, and that the water does not flow over the hands into the bottle. 
Fill the bottle to within half an inch of the stopper, leaving only sufficient air 
space for expansion. Replace the stopper and tighten the string securely around 
the protective cap. 

For collecting samples from wells, springs, streams, and other sources where pipe 
taps are not available, grasp the bottle by the bottom and plunge the open mouth 
down into the water, then turn the bottle while forcing it against the water or 
direction of flow, if any, to permit the water to flow into the open bottle without 
first passing over the hand. 

Frequently special sampling procedures will need to be improvised for the aseptic 
collection of samples from some sources, particularly those which cannot be reached 
readily. Various types of equipment for the collection of samples below the surface 
of water sources are obtainable and may be employed. 

Samples for Laboratory Control of Plant Operation .— Samples of raw water 
should be collected to determine the characteristics of the water that are to be 

1 Metal and plastic caps, nontoxic to bacteria, may be substituted. 
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corrected by treatment These characteristics fluctuate in varying degrees with dif 
ferent water supplies and have a marked effect on plant operation When coagu 
lation and filtration is employed, samples of the coagulated water demonstrate the 
efficiency of such treatment, as do samples of filter effluent Samples of the water 
as it enters the distributing system show the overall efficiency of the treatment 
employed Samples from the distributing system show the character of the water 
delivered to the consumer and, by comparison with treated water, show the changes, 
if any that occur during distribution 

Samples for IVater Quality —Generally, examination of a sample of water as it 
enters the distributing system and several samples from the distributing system is 
desirable The number taken from the system varies with the facilities available, 
the size of the population served, and the purpose for which the examinations 
are made Normally, samples for bacteriological examinations are collected from 
many scattered points on the system and samples for chemical analysis are collected 
from only a few points 

The quality of water supplied by wells springs and similar sources, particularly 
to individual homes, often requires examination for its quality and safety for 
domestic uses A series of samples from any one such source would provide the 
most useful information for the continuing safety of the supply When this is 
impractical, a single sample may be used provided that it is collected under con 
ditions of maximum use of the water from the source and possibly under minimum 
ground water sources This may frequently indicate the poorest quality but for 
purposes of drinking this particular hazard should be determined After sudden 
pollution or flooding of a well collection of a sample for determination of the 
bacterial quality is generally useless Sampling should be postponed until the well 
has been thoroughly pumped out and returned to conditions bordering on normil 
for the particular source 

STORAGE OF SAMPLES 

The time elapsing between collection and examination should be as brief as 
possible and in no case should exceed 24 hours In samples stored for more than 
24 hours growth of bacteria of no sanitary significance that interfere with the 
laboratory tests can be anticipated During the time elapsing between collection 
and examination the temperature of the sample should be maintained as closely 
as possible to the temperature of the source Abrupt changes in the temperature 
of a sample, as for example by rapid cooling or refrigeration, may affect bacteria' 
metabolism and result in major discrepancies in the laboratory examinations 
time and temperature of storage of all samples should be carefully recorded 

FREQUENCY OF SAMPLING 

The frequency at which samples should be collected is dependent upon the 
problem of quality evaluation and control and must be established for each pat 
ticular instance Sampling programs should be intelligently planned to permit 
full supervision of water treatment processes and evaluation of water quality 
When the safety of a water depends entirely upon disinfecting treatment a con 
slant check on the bacteriological quality of the water entering the distribution 
system is essential and no less than daily samples from significant points should c 
collected and examined . 

Water from well supplies or large storage reservoirs fluctuates much less rapia 
than water from small reservoirs or streams On the other hand, water from la e 
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either large or small, may fluctuate rapidly with changing winds or flow of tribu- 
tary streams. Semi-annual samples from some wells may be sufficient; monthly 
samples may be required from others. For surface water supplies, weekly or even 
daily or hourly samples are necessary to control treatment processes. The frequency 
of plant samples depends upon the fluctuation of the raw water quality. With a 
fairly constant raw water, weekly samples suffice for most tests. Other supplies 
may require daily or even more frequent sampling. For control of chlorination 
a minimum of daily and more often, hourly samples may be required. For bac- 
teriological examination, samples of raw and finished water should be examined 
daily where coagulation, filtration, and chlorination are practiced. 

For control of the sanitary quality of water in the distributing system of public 
supplies, the following table may be used as a guide, although it should be under- 
stood that this is the minimum number of samples that is acceptable. 

Minimum Number 


of Samples 

Population Served per Month 

2,500 and under 1 

10.000 7 

25.000 25 

100,000 100 

1.000. 000 300 

2.000. 000 390 

5.000. 000 500 


RECORDS 

No sample is of any value unless its identity is accurately known at the time of 
analysis. The few minutes spent immediately after sampling in recording the 
identity of the sample and other pertinent data are an essential part of the sam- 
pling technic. Such information should be complete; it should contain all of the 
facts that later may be needed to interpret the laboratory results properly and 
apply them to the control of treatment. The recording of too much data should 
be avoided— but not to the extent of recording too little. Prepared forms with 
space for basic and minimum information about the sample are a great aid. Such 
a form must be filled out completely and accurately for each sample collected. 

Sample forms to record identifying and descriptive data for a sample should be 
developed to meet the requirements of specific problems of water quality contiol. 
Not only should basic data be recorded, but the forms should be considered an 
integral part of the analysis and kept as an important record of the history of 
treatment. Maintenance of accurate and usable records is not an end in itself, 
hut it is an indispensable element of good laboratory work and good plant 
operation. 


BACTERIOLOGICAL EXAMINATIONS 

As indicated previously the significant bacteria are the members of the coliform 
group and thus the examination of water is centered around the isolation and 
numeration of this group of bacteria in the water sample. However, the total 
number of miscellaneous bacteria in a definite volume of the water (usually 1 mid 
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may also indicate the quality of the water and m particular the effectiveness oi 
treatment processes such as filtration or disinfection 
Thus frequently the bacteriological examinations are divided into two basic 
types— the total bacterial count or as it is usually designated, the standard plate 
count and the tests for the coliform group 

LABORATORY FACILITIES 

It is essential for satisfactory work in the bacteriological examination of water 
that a suitable laboratory with all the required equipment in good working order 
be available This laboratory should be reasonably isolated in order that the work 
may be conducted without danger of contamination from dust or other sources 
An incubator preferably electrically heated that will maintain a constant and 
uniform temperature at 34° to 36°C must be prov ided and must be of ample size 
for the volume of work to be undertaken In addition, there must be sterilizers 
for the sterilization of culture media glassware and other equipment required for 
these examinations 

Ample stocks of glassware— Petri plates pipets and other items— must be main 
tamed for immediate use must be clean and sterile and kept in a sterile condition 
A refrigerator is also an important item of equipment An effective device for 
counting colonies under a magnification of approximately 3x > s needed as well 
For the preparation of culture media dehydrated media obtained from reliable 
laboratory supply companies should be used and ample stocks should be mam 
tamed 

For accurate bacteriological wotL the laboratory and all equipment should be 
kept scrupulously clean and orderly 

GENERAL LABORATORY EQUIPMENT 

Appara'us Incubators Incubators must maintain a uniform and constant tem 
perature at all times in all areas This can be accomplished by the use of a water 
jacketed or anhydric type with thermostatically controlled low temperature electric 
heating units properly insulated and located in or adjacent to the walls or floor 
of the chamber and preferably equipped with mechanical means of circulating air 
Incubators should be provided with shelves so spaced as to assure uniformit) 
of temperature throughout the chamber The inside dimensions of the chamber 
should be adequate to accommodate without crowding 160 to 200 Petri plates or 
an equivalent mass of fermentation tubes A 1 in space should be provided be 
tween adjacent piles of plates and between walls and piles 
An accurate thermometer (checked against one certified by the National Bureau 
of Standards) with the bulb continuously immersed in liquid (glycerine water or 
mineral oil) should be maintained on each shelf within the incubator and daily 
readings of the temperatures recorded In addition, it is desirable to mainta n a 
maximum and minimum registering thermometer within the incubator on the 
middle shelf to record temperature variations over a 24 hr period Temperature 
variations within the incubator when filled to maximum capacity should be deter 
mined at intervals It is recommended that a recording thermometer be instal 
in every incubator whenever possible so that a permanent record of temperature 
variations within the incubating chamber may be maintained 

Hot Air Sterilizing Ovens —Hot air stertlizmg ovens should be of sufficient size 
to prevent crowding of the interior constructed to give uniform and adequate 
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sterilizing temperatures, and equipped with suitable thermometers capable of regis- 
tering accurately in the range 160° to 180°C. The use of a temperature-recording 
instrument is optional. 

Autoclaves.— Autoclaves should be of sufficient size to prevent crowding of the 
interior; should be constructed to provide uniform temperatures within chambers 
(up to and including the sterilizing temperature of 121 °C.); should be equipped 
with accurate thermometers with the bulb properly located on the exhaust line 
so as to register minimum temperature within the sterilizing chambers (temperature- 
recording instrument is optional); should have pressure gauges and properly ad- 
justed safety valves connected directly with saturated steam power lines or directly 
to a suitable special steam generator; and should be capable of reaching the de- 
sired temperature within 30 min. In emergencies, where results have been demon- 
strated to be satisfactory, a pressure cooker may be substituted for an autoclave, 
provided that it is equipped with an efficient pressure gauge and with a thermometer 
whose bulb is 1 in. above the water level. 

Colony Counters.— Standard apparatus, such as a Quebec colony counter, dark- 
field model preferred, or one providing equivalent magnification and visibility, 
should be used. 

pH Equipment.— Electrometric pH meters or colorimeters, with standards, should 
be used for accurate determination of pH values of media. 

Balances.— Balances providing a sensitivity of at least 2 g. at a load of 150 g. 
should be used, with appropriate weights. An analytical balance having a sensi- 
tivity of 1 mg. under a load of 10 g. should be used for weighing small quantities 
(less than 2 g.) of materials. 

Sample Bottles.— A bottle of glass or other material resistant to the solvent action 
of water, capable of being sterilized, and of any suitable size and shape may be used 
for the bacterial examination. It should hold a sufficient volume of sample for all 
the required tests, should permit being pioperly washed, and should maintain the 
sample uncontaminated until the examinations are completed. Ground-glass stop- 
pered bottles, preferably wide mouth, of resistant glass are recommended. 

Metal or plastic screw cap closures may be used on sample bottles, provided that 
no volatile compounds are produced on sterilization and that they are equipped 
with liners that do not produce toxic or bacteriostatic compounds on sterilization. 

The tops and necks of sample bottles with glass closures should be covered with 
metal foil, rubberized cloth, or heavy impermeable paper or milk bottle cover caps 
before sterilization. 


WASHING AND STERILIZING 

All glassware should be thoroughly cleansed using a suitable detergent and hot 
water, and should be rinsed with hot water to remove all traces of residual washing 
compound. 

Glassware, except when in metal containers, should be sterilized for not less than 
60 inin. at a temperature of 170°C., unless it is known from recording thermometers 
that the oven temperatures are uniform, under which exceptional condition 160°C. 
may be used. Glassware in metal containers should be heated to a temperature 
of 170°C. for not less than 2 hr. 

Sample bottles other than of plastic may be sterilized as above or in an auto- 
clave at 12TC. for 30 min. Plastic bottles may be sterilized in an autoclave at 
121°C. for not less than 10 min. 
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CULTURE MEDIA 

The preparation of the culture media required for each of the suggested techni 
cal procedures is given under each procedure Further details regarding those 
media methods of preparation and specifications of the particular ingredients can 
be found m the latest edition of Standard Methods for the Examination of Water 
and Waste Water 2 The use of commercially prepared dehydrated media is recoin 
mended in order to provide uniformity in these essential factors in the technical 
procedures The directions for the preparation of the dehydrated materials as 
given by the manufacturer should be strictly followed in all details 

TOTAL BACTERIAL COUNT-STAND \RD PLATE COUNT 
Purpose of Test —To provide an estimate of the total number of bacteria in a 
sample which will grow at 35°C in 24 hours and under the conditions of food 
supply and moisture provided in the accepted laboratory procedure 
Sampling —Samples must be collected in sterile glass stoppered clear glass 
bottles following the directions as given previously 
Apparatus and Materials Distilled Water 
Harvard Trip Balance 

Autoclave (or Pressure cooker autoclave with Fletcher solid flame burner) 
Dehydrated Tryptone Glucose Extract Agar 2 3 
Oven or Hot Air Sterilizes to Operate at 170° C 

Incubator —Equipped to maintain constant temperature between 34" and 36 G 
in incubation chamber 

Pem Plates —Glass wiili glass covers 90mm diameter 15 mm deep 

Pipets— Glass straight walled to deliver I ml 

Erlenmeyer Flasks —125 ml Pyrex 

Graduate —1000 ml graduated in 10 ml 

Illuminated Colony Counter —Quebec Colony Counter 

Procedure Preparation of Agar — 1 Weigh 12 g of the dehydrated tryptone 
glucose extract agar or other agar media 

2 Measure 500 ml of distilled water in a graduate 

3 Pour 400 ml of the distilled water into a beaker and heat to boiling 

4 Suspend the 12 g of agar m the remaining 100 ml of cold water 

5 With constant stirring add the agar suspension to the 400 ml of boiling water 

continue stirring, and bmluug until, the. m/idmm. «, dissolved 

6 Pour equal amounts of the medium into each of ten 12a ml Erlenmeyer flasks 

7 Close the Erlenmeyer flasks with cotton plugs 

8 Sterilize in an autoclave for 15 min after the pressure has reached la pounds 

9 Remove from autoclave as soon as the pressure returns to zero pounds the 
total time in the autoclave including heating sterilizing and cooling should not 
exceed 40 minutes 

Sterilization of Glassware —1 Wrap Petri plates in groups of 4 m Kraft paper 
or pack in metal cans 

2 Wrap pipets in Kraft paper or place in metal pipet can 

3 Sterilize in oven by heaung at 170*C for 1 hour 

2 The American Public Health Association Inc 1790 Broadway New York N Y 

a Other agar media— Plate count agar or Protein Hydrolysate agar-as given in Stano 
Methods for the Examination of Water and Waste Water may be used 
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Determination.— 1. Melt the sterile agar by immersing the 125-ml. Eilenmeyer 

flask in boiling water. 

2 Cool the melted agar to 45°C. and hold in a water bath at 43-45°C. 

3. Shake sample violently in an up-and-down motion 25 times. 
i Aseptically, with a sterile pipet, transfer exactly 1 ml. or decimal aliquot 
of well shaken sample to a sterile Petri plate. 

5. Add 10 ml. of melted agar medium cooled to 43°C. 

6 Mix by rotating plate on surface of work table. 

7. Allow medium to harden and place Petri plate in incubator maintained at 
34-36°C. 



Fig 49-1. Standard Plate Count Bacterial Colonies. 


8. After 24 hours, count the number of colonies on or in the agar medium using 
an illuminated colony counter. 

9 If the number of colonies piesent are too numerous to count, estimate the 
number by counting a fraction of the plate, such as one-quarter or one-tenth and 
multiply this count by the approximate factor. 

Results.— Results are reported at 35°C.— 24 hour agar plate count per ml. Express 
count to two significant figures only 

Interpietation.— The standard plate count at 35°C indicates the number of 
microorganisms which develop best at this temperature, and since many of them 
aie associated with animal life, the count is an additional indication of pollution. 
No definite standaid can be set for the total count but usually it should be less 
than 500 per ml. Highei counts indicate possible contamination with surface 
diainage or with sewage. In filteied water high counts may indicate bacterial 
giowths in filters, filtered watei basin, or pipe lines. 

TEST FOR BACTERIA OF THE COLIFORM GROUP 

MULTIPLE TUBE DILUTION TECHNIC 

I urpose of Test .— To estimate the number of bacteria of the colifoim group 
piesent in a given volume of watei as an index of the degree of pollution. 
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Sampling —Use the same sample collected for the total bacterial count (standard 
plate count) 

Apparatus —In addition to that required for the standard plate count 

Fermentation Tubes, for 10 ml volumes of sample culture tubes without lip 
175 x 22 mm 

Culture Tubes — \\ ithout lip 75 x 10 mm for inner tubes 

Fermentation Tubes for 1 ml volumes of sample culture tubes without lip 
IdO x 18 mm 

Pipets volumetric transfer 10 ml 

Baskets or Racks for holding media 

Inoculating Loop for transferring cultures 

Dehydrated Brilliant Green Lactose Bile Broth 2% 

Procedure Preparation of Lactose Broth —The medium after inoculation w th 
the sample should contain 0 5% each of lactose and peptone Thus in tubes to 
which 10 ml of water is to be added the medium must be made up to double 
strength 

1 \\ eigh 13 g of dehydrated lactose brotli 

2 Measure 500 ml of distilled waieT in a graduate 

3 Heat 400 ml of the distilled water to boiling 

4 Suspend the weighed lactose brotli in the remaining 100 ml of cold distlled 
water 

5 \\ ith constant stirring add the suspension to the boiling water and dissolve 
completely 

6 Into each of the large tubes (175x22 mm) insert one of the small tubes 
(75 x ID mm) in an inverted position 

7 Add 10 ml of medium to each tube 

8 Close each tube with a cotton plug 

9 Place tubes in basket and put in autoclave 

10 Sterilize for 15 minutes after the pressure has reached 15 pounds 

11 Remove from the autoclave as soon as the pressure has returned to zero 
The total time for heating sterilizing and cooling should not exceed 40 
minutes 

Note In tubes to which 1 ml of sample is to be added normal strength tned ura is 
used for this purpose in Step 1 above weigh 6.5 g and in Step 6 use tubes sized 150x18 
mm otherwise follow the same procedure 

Pstpz.Tuvwn of I&itViYulA Green Lactose Yu'ie T&nrfti —TVie ■pMyMdsae «. exactlv; 
the same as for the preparation of lactose broth except that 20 g of dehydrated 
medium are used for 500 ml of distilled water Only single strength medium is 
prepared as no direct inoculations are made and only the loO x 1 8 mm tubes t th 
inner tubes are used 

Sterilization of Glassware —Use the same procedure as for the total bacterial 
count (standard plate count) 

Determination Presumptive Test —1 In an aseptic manner inoculate each o 
five large fermentation tubes containing double strength lactose broth with 10 id 
of sample . 

2 Inoculate I small fermentation tube containing lactose broth with 1 01 0 

sample . 

3 Inoculate 1 small fermentation tube containing lactose broth with 0 1 
of sample 
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4 Place all fermentation tubes in incubator maintained at 35° ± 1°C. 

5 At end of 24 hours observe if gas has formed in inner tube of each of the 
fei mentation tubes. 

G Perform confirmatory test on all tubes in which gas has formed, and replace 
rest of the tubes in incubator. 

7 At end of 48 hours observe if gas has formed in inner tube of each of the 
remaining lactose tubes. 

8 Perform confirmatory test on all tubes in which gas has formed. 

Confumatory Test.— The production of gas in the lactose broth does not neces 

sarily indicate the presence of bacteria of the coliform group because there may 



Fig. 49-2. Multiple Fermentation Tube Technic. 


be odier bacteria present which ferment lactose. If culture from those lactose 
broth tubes which show gas is transferred to brilliant green bile broth, the bac- 
teria other than coliform organisms are inhibited by the brilliant green bile and 
any gas which is produced in these tubes can be assumed to indicate the presence 
of bacteria of the coliform group. 

1. Select each fei mentation tube showing gas at 24 or 48 hours (step 6 and 8 
of presumptive test above) and transfer a looplul of broth to a fermentation 
tube containing brilliant green bile broth. 

2. Place in incubator for 24 hours. 

3. Examine for piesence of gas; if gas is present the tube may be recorded as 
positive and discarded; if no gas is present it should be reincubated for 
another 24 hours and re-examined 

4. If gas is present at the end of the second 24 hours the tube may be considered 
posithe; if no gas is present it is negative. 

Intel pi etation— Any lactose broth fermentation test showing gas formation after 
24 or 48 houis incubation, confirmed by gas formation in the confirmatory medium 
after 24 or 48 hours, indicates the presence of bacteria of the colifoim group in 
the corresponding volume of sample used. By using different lolumes of sample, 
in multiples of 1 ml., it is possible to make a partial quantitive estimation of the 
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number of coliform bacteria in the samples If the number of positive and nega 
me tubes in each dilution is known, it is possible to calculate the probable numbet 
of organisms of this group in a given volume of water This provides an index 
of pollution which is usually expressed as Most Probable Is umber (MPN) 0 f 
Coliform Bacteria per 100 ml of Sample This index represents that number of 
bacteria of this group which more frequently than any other number will give the 
observed results The table may be used for determining MPN when five 10ml 
one 1 ml and one 0 1 ml portions are used 

Table of Most Probable Is umber (M PN) for 100 ml Sample 
Lsing Indicated Number of \olumes and Portions 


10 ml 
portions 

1-ml 

portion 

0 1 ml 
portion 

\fP A 


— 

— 

<2 2 

_| 

— 

— 

22 

+ H 

— 

— 

50 

+ + + 

— 

— 

88 

++++- 

— 

— 

150 

+ + + + + 

— 

— 

38 0 

+ + + + + 

+ 

— 

240 

+ + + + + 

+ 

+ 

2400 or > 


The examination of volumes and portions other than those indicated above 
may be used and yield adequate data concerning water quality If a different 
number of portions of another series of volumes of samples are inoculated in the 
multiple tube dilution technic for the detection and enumeration of coliform 
bactern the most probable number index corresponding to the bacteriological 
results cm be obtained by use of other tables based upon the particular series of 
volumes and tubes used These additional tables can be found in the latest edition 
of Standard Methods for the Examination of Water and Waste Water 

TLSTS FOR PRESENCE OF MEMBERS OF COLIFORM GROUP 


MEMBRA \ £ FILTER TECHNIC 

In this method a measured volume of water is filtered through a cellulose filter 
so prepared as to have many thousand tiny pores of uniform size The bacteria 
too large to pass through the tiny pores are strained out and held on the surface 
of the filter The filter pad is impregnated with a suitable culture medium wlndi 
will stimulate the growth of bacteria of the coliform group while inhibiting tie 
development of other types which may be present After addition of the culture 
medium this filter is incubated at a temperature of 55°C the optimum range for 
the growth of coliform bacteria These organisms multiply develop colonies on 
the medium and produce the waste products of their growth which react with 
indicator compounds contained in the medium This reaction gives a red color 
to the colonies and a metallic sheen on their surface both characteristic of tolifonn 
bacteria The count of these colonies yields an estimate of the number of coi 
form bacteria in the volume of sample filtered 
The culture media at present proposed for use in the test yield results some 
what at variance with those obtained by the dilution tube procedure "itn t 
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microfilter technic the coliform findings tend to be lower than the dilution tube 
results, which in turn may indicate a higher density of coliform bacteria than is 
actually present. Thus, if used for the bacteriological examination of water, the 
microfilter must be employed with full realization of the significance of tire results. 
It does offer a useful means for the rapid evaluation of water quality and for 
routine control of water treatment. 



Fig. 49-3. Membrane Filter Technic. 

The sample volume should be chosen on the basis of previous experience to 
produce ftom 20 to no more than 100 colonies on the medium. When volumes 
less than 30 ml. are selected, the) should be diluted to at least 100 ml. with sterile 
water before filtration. Volumes from 100 ml. to 500 ml. are usually satisfactory 
for filtration. 

1 he physical and chemical characteristics of water do not influence the results 
of the test except that turbidity and suspended matter will collect on the surface 
of the filter and interfere with colony formation and obscure the color and metallic 
sheen characteristic of coliform bacteria. 

STANDARD TEST 

Sampling.— Samples should be collected in accoi dance with the directions given 

previousl). 

Apparatus. Glassware, in general the same as indicated for use in other bac- 
teriological procedures. 

Culture Dishes.— Cidture dishes of the Petri plate type should be used. The 
bottom of the plate should be flat and should be 5 to 6 cm. in diameter so that the 
absorbent pad for nutrient will lie flat. The glass should be borosilicate or equiv- 
alent grade. Clean culture dishes may be wrapped singly or in convenient num- 
bers, in metal foil or a suitable paper substitute, prior to sterilization. 

Glass Petri plates are preferable for use in routine laboratory analyses. The 
optional containers described below are recommended for field use or under other 
conditions not favorable for cleaning, sterilization, and reuse: 
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Disposable Plastic Dishes, or their equivalent may be used Sterilization should 
be accomplished by exposure of the opened culture dishes to ethyl alcohol ethylene 
oxide ultraviolet radiation or other appropriate chemical or physical agents. 
Choice of means of sterilization should be governed not only by convenience but 
also by actual tests demonstrating the effectiveness of such means of sterilization 
The freedom of the culture containers from residual growth suppressive effects 
resulting from the methods of sterilization must be demonstrated After stenhza 
tion and removal of the agent of sterilization the containers should be closed 
employing sterile techniques and stored in a dustproof container until used 
Seamless Tin Ointment Boxes 1 oz with curled edge and 49 mm inside diameter 
of top are acceptable subject to the above restrictions 
Filtration Units —The filter holding assembly should consist of a seamless funnel 
which fastens to a receptacle bearing a porous plate for support of the filter mem 
brane The parts should be so designed that the funnel unit can be attached to 
the receptacle by means of a convenient locking device The construction should 
be such as to insure that the membrane filter will be securely held on the porous 
plate of the receptacle without mechanical damage and that all the fluid will pass 
through the membrane in the filtration of the sample The filter holding assembly 
may be constructed of glass porcelain or any noncorrosive bactenologically inert 
metal It is recommended that the two parts of the assembly be wrapped sepa 
rately in heavy wrapping paper for sterilization and storage until use 

For filtration the receptacle of the filter holding assembly is mounted in a 
1 liter filtering flask with a side tube or other suitable device such that pressure 
differential can be drawn on the filter membrane The filter flask should be con 
nected by the side arm to an electric vacuum pump filter pump operating on 
water pressure hand aspirator or other means of securing a pressure differential 
Filter Membranes —Only those filter membranes may be employed which have 
been found by complete laboratory tests to provide full bacterial retention stabl 
ity m use freedom from chemicals mimical to the growth and development of 
bacteria and satisfactory speed of filtration They should preferably be grid 
marked Several different brands of membrane filters meeting these specifications 
can be obtained from manufacturers and suppliers of laboratory equipment 
Filter membranes must be sterilized prior to use preferably by autoclave The 
brown paper separators but not the absorbent paper pads should be removed 
from the packaged filters The filters should be divided into groups of 10 to 12 
or other convenient units and placed m 10 cm Petri plates or wrapped in heavy 
wrapping paper The membranes are then autoclaved 10 min at 121"C (15 psi) 
At the end of the sterilization period the steam is allowed to escape rapidly to 
minimize the accumulation of water of condensation on the filters Suitable pack 
aged sterile filters can be purchased 

Absorbent Pads —Absorbent pads for nutrients should be disks of filter paper 
or other material known to be free of agents that inhibit bacterial growth They 
should be approximately 48 mm in diameter and of such thickness that they n H 
absorb from 1 8 to 2 2 ml of nutnent The pads should be wrapped m heavy 
wrapping paper or packaged in 10 cm Petri plates in convenient numbers for 
sterilization Sterilization m an autoclave is recommended 
Definition —In the membrane filter procedure all organisms that produce a 
dark (purplish green) colony with a metallic sheen m 20 ± 2 hr of incubation are 
considered members of the coliform group The sheen may appear in a sma 
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central area or cover the entire colony. The “coliform group” as thus defined is 
not identical with, but is believed to be roughly equivalent in sanitary significance 
to, the “coliform group” as defined earlier. In the examination of waters of 
unknown quality, particularly those showing a high percentage of false presump- 
tive tests, it will frequently be necessary to conduct parallel studies in order to 
determine the direct relationship between the results with the membrane filter 
technique and those with the dilution tube test for coliform bacteria in that supply. 

Coliform organisms present in the water may fail to produce typical colonies. 
Therefore, when found in large numbers, atypical colonies should be identified by 
subculture study. It is also possible that noncoliform organisms may be encoun- 



Fig. 49-4. Membrane Filter after Incubation Showing Typical Coliform Colonies. 

tered in water which produce a colony typical of the coliform group. However, 
this happens so infrequently as to be of no significance. 

Procedure. Preparation of Culture Dishes.— Place a sterile absorbent pad in 
each sterile culture dish. Pipet enough medium to saturate each pad, usually 1.8 
to 2,2 ml. 

Selection of Appropriate Sample Volume.— The size of the water sample will 
be governed by the expected bacterial density. An ideal quantity will result in 
between 20 and 80 coliform colonies, and not more than 200 colonies of all types, 
on the membrane. Large sample volumes from finished waters will be limited 
only by the presence of turbidity. Finished-water samples should be examined by 
filtering duplicate portions of a single volume or by one filtration for each of two 
aliquot volumes. All other water samples should be examined by one filtration 
for each of three aliquot volumes. Tentative suggestions for the examination of 
samples are as follows: 

a. Finished Water: Duplicate 100-500 ml. volumes. 

b. Well Water: Single filtrations of each portion examined— 0.1, 1, and 10 ml. 

c. Polluted Water: Reduction in volumes in accordance with degree of pollution. 

When less than 20 ml. is to be filtered, dilute with sterile buffered dilution 
water to a minimum volume of 20 ml. just before filtration. 
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Filtration of Sample.— Using sterile forceps, place a sterile filter membrane over 
the porous plate of the filter holding unit, grid side up Carefully pl ace the 
matched funnel unit o\er the receptacle and make it secure by means of the at 
tachment device The filtration procedure consists in passing the sample of water 
through the membrane under partial \acuum After the sample has been filtered 
rinse the funnel three times with 20-30 ml volumes of sterile buffered dilution 
water Remove the membrane from the filter holding unit with sterile forceps, 
gently roll it. grid side up onto the surface of an absorbent pad containing 
M Endo medium Care must be used in placing the membrane to avoid entrap- 
ping air bubbles 

Incubation —1 he membrane cultures are incubated 20 ± 2 hr at 35'C ±05 e C. 
in an inverted position in the incubator with 100% humidity. 

Counting— All dark colonies having a metallic appearing surface luster are 
counted as coliform colonies Make the counts with the aid of a low power micro- 
scope or other suitable optical device, using a light source above and approvi 
mately perpendicular to the plane of the filter membrane 

It should be noted that the characteristics of coliform colony types produced 
on modified Endo media with the membrane filter do not conform to those of 
coliform colonies developing on the Endo agar described in Sec 2 4c on p 497 of 
Standard Methods for the Examination of Water and Waste Water 

Estimation of Coliform Density.— The estimated coliform density of the sample 
is recorded in terms of cohforms per 100 ml sample The computation can be 
m ide on the following basis 


Coliform colonies 100 ml 


Cwlsforffl colonves counted X 100 
Sample filtered in ml 


Interpretation — The presence of 4 or more typical coliform organisms in 100 
ml of water, as determined by the membrane filter technic indicates the presence 
of a significant amount of pollution in the water and thus unsatisfactory or unsafe 
sanitary quality The presence of less than 4 coliform organisms per 100 mL will 
indicate acceptable sanitary quality 

OTHER B \CTERIAL TESTS OF WATER QUALITY 
AND OF POLLUTION 

Fecal Streptococci Types —Other types of bacteria, particularly certain strepto- 
cocci, are present in the bodies of warm blooded animals and appear in their 
fecal discharges These are designated as fecal streptococci and they ate frequently 
advocated as an indicator of pollution in place of, or in addition to the coliform 
group Fecal streptococci usually do not survive in water as long as do the cob 
form group When found in significant numbers, these organisms suggest that the 
pollution is of recent origin and, thus, more significant or dangerous than that 
shown by the coliform group because of the possible presence of active pathogens 
which survive longer than the fecal streptococci, but which would probably 
reduced in numbers by an unfavorable environment more rapidly and complex' 
than the members of the coliform group However the quality of the water 
would be equally unsatisfactory with recent or more remote pollution, since 
important fact is that the water source had received sewage pollution 
The tentative technics for the detection and enumeration of focal streptoco 
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in water may be found in the latest edition of Standard Methods for the Examina- 
tion of Water and Waste Water. 

RESULTS OF BACTERIOLOGICAL EXAMINATION OF WATER 

Bacteriological examinations of water are undertaken first to ascertain the 
quality of water and its suitability for domestic uses and second, to measure the 
efficiency of water treatment processes. The results of these examinations, there- 
fore, must be inteipreted to yield the information desired. For public water sup- 
plies, quality is generally defined in terms of the U.S.P.H.S. Drinking Water 
Standards (1962) which have been established for water supplies used in interstate 
carriers. These standards piesciibe the minimum number of samples from a given 
supply for examination and further specify the maximum number of coliform 
organisms per 100 ml. allowable in an accepted and approved supply. These 
standards require in effect that in a series of 20 samples examined the coliform 
index shall be no greater than 1.0 per 100 ml., except that in a single sample, the 
index may be no greater than 9.0 per 100 ml. provided that this does not occui 
in two successive samples. 

In the examination of a single sample, failuie to detect cohfoim group micro- 
organisms in any of the portions examined yields an index of less than 2.2 per 
100 ml. and thus indicates a water of satisfactory and acceptable sanitary quality. 
An index higher than this, as 2.2 per 100 ml. or 5.0 pei 100 ml. will indicate the 
presence of small but detectable amounts of pollution in the water, suggestive of 
questionable but possibly acceptable quality. Any index higher than 5.0 per 100 
ml. can be considered presumptive evidence of unacceptable and even unsafe 
quality of the particular supply. 

In the interpretation of the results of examination of a single sample or mul- 
tiple samples from any type of supply— public, private or other— full knowledge 
of the history of the sample and the source, together with complete data relative 
to the construction of the supply, its operation and the location of potential 
sources of pollution is essential. Without such data the laboratory examinations 
are of little significance in evaluating the quality of the water. 

The preceding discussion of bacteriological examination of water has been di- 
rected only to the problem of evaluation of the quality of water intended for 
beverage and domestic uses. The same technics can be and are used in the exam- 
ination of water intended for other uses such as industrial operations, bathing and 
tecreational purposes and also of water before treatment to improve its quality. 
Other standards of quality and other interpretations would ot necessity be em- 
ployed in the evaluation of quality for the specific use intended. 

The procedures given above are essentially those as outlined in the latest edi- 
tion of Standard Methods for the Examination of Water and Waste Water. 
Recommended technics for the bacteriological examination of water for purposes 
other than merely determination of sanitary quality are to be found in the above 
publication and this volume should be consulted lor such technics when it is 
desired to examine water not from drinking water sources. 
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INTRODUCTION 

The quality of water, particularly as related to its palatability and acceptance 
for general household and domestic uses, is markedly affected by the presence and 
growth of minute microscopic animal and plant life within it. 

These organisms are of many different types and forms. For convenience they 
can be grouped together and designated as plankton forms. The term ‘‘plankton" 
is used in a broad sense, to include microscopic and near microscopic free-floating 
organisms, and also minute attached forms usually found on the bottom surfaces 
of lakes and ponds. The term applies to the latter organisms only when they are 
detached and are found free-floating. Bacteria are excluded from the group, and 
are considered separately, both as to their significance and the technical procedures 
for their detection and enumeration. 

Water undergoing storage in open areas is susceptible to the development of 
growths of these microorganisms, since they frequently find in such stored water 
an environment favorable for their life processes. In many such waters, particu- 
larly those polluted by community wastes, ample supplies of inorganic compounds, 
such as nitrates and phosphates, are present, and provide the essential food items 
demanded by the plankton. Unlike the bacteria, many species of plankton re- 
quire sunshine for their activities and growth, and so develop on or near the sur- 
face of the stored water. Varieties that do not require or enjoy sunlight thrive 
in deeper portions of the reservoir, where the sunlight does not penetrate. Al- 
though many plankton forms need warm temperatures in their environment, others 
grow very well, and in some instances best, in cold water. Consequently, plankton 
growths are likely to appear on a seasonal basis, and may constitute a treatment 
problem throughout the year. One additional and striking feature of the fresh- 
water plankton, especially the plant portion or phytoplankton, is its cosmopoli- 
tanism. This means that organisms of this group can be found not only at all 
seasons of the year, but at most latitudes, and that problems relative to their con- 
trol in reservoirs are practically universal. 

Plankton in water undergoing storage markedly impair the quality of the water. 
The growths may at times appear as huge masses of floating scum, usually greenish 
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m color, unpleasant in appearance, and contributing to consumer rejection of the 
water as a source of domestic supply When the plankton die and decompose, 
\olatde compounds are liberated which, in turn, cause the water to have disagree' 
able and obnoxious tastes and odors, interfering seriously with its use for domestic 
purposes Heavy growths of plankton also add to the amount of organic matter 
in the water increase its color and turbidity, and present many problems in 
further treatment procedures 

The biologic examination of water is an important adjunct to technics for the 
evaluation of water quality The information obtained by such exammation- 
usually designated as microscopical examination but more correctly as biolomc ex 
amin ition— may be pertinent to several uses related to water quality and water 
treatment These can be listed as follows (a) to explain the cause of color and 
turbidity and the presence of objectionable odors and tastes in water, and to mdi 
cate possible methods for their prevention or removal, (b) to aid in the mterpre 
tation of the various chemical analyses, as, for example, in relating the presence 
of biologic forms to oxygen deficiency or supersaturation in natural waters, (c) to 
identify the source of a water that is mixing with another, (d) to explain the clog 
ging of pipes and filters, and to aid in the design and operation of water works 
(e) to indicate pollution by sewage or industrial wastes (f) to indicate the progress 
of the self purification of streams and other bodies of water (g) to aid in explain 
nig the mechanism of biologic sewage treatment methods or to serve as an index 
to the effectiveness of the treatment (h) to aid in the study of the ecology of fish 
shellfish, and other aquatic organisms, and to obtain information on food para 
sites and other factors affecting the well being of these forms (1) to determine 
whether or not ground water is contaminated by unfiltered surface water (j) to 
determine optimum times for treatment of raw surface water with algicides and 
to check on the effectiveness of such treatment (k) to determine, within the water 
plant, the effectiveness of various stages in the treitmem of water 

Plankton organisms in general can live an independent life in water and can 
forage for their own food supplies 

Plankton forms of importance in water are algae fungi protozoa, rotifers 
minute Crustacea, and others While they perform many duties related to the 
achievement of good water quality, they also present many problems in the neces 
sary treatment procedures In water, especially surface water that contains ade 
qu ite concentrations of their required food items, the plankton will grow prolin 
call) and when the organisms finally die, the cells will decompose to release 


aromatic compounds and other decomposition products These have characteristic 
and usually very potent odors which will then be present in the water and will 
impart to it distinctive and frequently objectionable tastes and odors The qpe 
and intensity of the tastes and odors vary with each species and the rate of growth 
Some actually may be intensified by chlorination The removal of such tastes and 
odors from water, therefore, is an important function of water treatment a func 
tion often difficult to curry out with the usual procedures Preventing the growth 
of plankton m the original source is usually the most effective means to provide 
a satisfactory water supply free from the corresponding objectionable tastes and 
odors 


The population densities of plankton organisms in water are directly related to 
the various forms of nitrogen as determined m the chemical analysis and tnay 
often explain discrepancies and deviations in these determinations With de 
veloping growths concentrations of free ammonia and nitrate in the water wi 



WATER: BIOLOGICAL EXAMINATION 2521 

decrease and organic nitrogen will increase. Decreasing growths will reverse these 
conditions. 

One of the most important reasons for identifying and enumerating micro- 
scopic organisms is their connection with disagreeable, sometimes vile, tastes and 
odors in a water supply. The so-called littoral growths, which are attached to 
the banks or bottoms of reservoirs, and which frequently attract the greatest atten- 
tion as a rule are not concerned. The trouble usually is caused by minute float- 
ing forms, which manufacture essential oils or perfumes like those of flowers. 
In exceedingly minute amounts, these substances produce pleasant aromatic, 
geranium, or grassy odors that become fishy, oily, pungent, or vile in larger 
amounts, or upon decay of the plant cells. So characteristic are the substances 
that the responsible genera may frequently be identified solely by the distinctive 
odor emanating from the water supply concerned. 

Three principal groups of odors are distinguished: (1) aromatic, sometimes 
described as geranium or spicy, caused by Diatomaceae and some flagellates; (2) 
grassy, caused by Cyanophyceae and Chlorophyceae; and (3) fishy, caused by 
Chlorophyceae and a few Protozoa, and concentrated populations of others. Fishy 
odors often are produced by the same forms responsible for aromatic odors. This 
occurs when the populations of the latter are high. 

The following table, as given by Whipple, 1 contains those organisms that have 
been observed at one time or another in sufficient quantity in a water supply to 
produce characteristic odors. 

Some types, which are frequently the cause of impaired quality of water sup- 
plies, produce the specific type of odors as discussed below when present in the 
indicated numbers. 

Aslerionella , when present in 500 to 1000 cubic standard units per cubic centi- 
meter, produces a slightly aromatic odor. At 1000 units, rarely less, the odor is dis- 
tinctly similar to the odor of the geranium. The odor increases in intensity with 
increase in numbers until several thousand produce a fishy odor. The fishy odor 
is also produced when smaller quantities die. 

Tabellaria, and similarly Aslerionella, in very small amounts, produces a earthy 
odor (also produced by large amounts of Synedra), passing through the aromatic, 
geranium, and fishy stages with about the same relative quantities of organisms as 
Aslerionella . At times the odor of Tabellaria has suggested illuminating gas, no 
other organisms being present. Complaints of fishy taste in the Catskill water 
supply for New York City have been occasioned by as little as 700 units of Tabel- 
laria. This was the result of chlorination of the supply with liquid chlorine. The 
odor was not noticeable in the water above dte chlorination plant but appeared 
first just below the plant. Chlorination killed the organisms, setting free the 
odorous principle. 

Anabaena and Aphanizomenon, -when present in 500 to 1000 units, produce a 
faintly grassy odor like freshly-cut grass or green corn. With larger numbers, the 
odor becomes pungent like nasturtium, or even onions. In large numbers, or 
when decaying, the odor is of a vile, pigpen character. 

Uroglcnopsis ( Uroglena ) produces an oily fishy taste and odor, first noticeable 
in probably 500 to 1000 units. In larger quantities it is very disagreeable. The 
flavor is that of cod-liver oil. Chlorine has an influence on this organism also. 

i Fair and Whipple, The Microscopy of Drinking Water, John Wiley and Sons, Inc., 
New York, 1927. Table 50-1 embodies additions by the author. 
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Table 50-1 


Group 

Organism 

Natural Odor 

Aromatic odor 

Diatomaceae 



Asterionella 

Aromatic, geranium, fishy 


Ci dottlla 

Faint!) aromatic 


Diatoms 

Faintly aromatic 


Mendion 

Aromatic or spicy 


Tabellana 

Protozoa 

Aromatic, geranium, fishy 


Cnptomonas 

Candied violets 


M allomones 

Aromatic, violets, fishy 

Grassy odor 

Chloroph\ccae 


Duty osphaenum 
Cvanophvceae 

Grassy 


inabacna 

Moldy, grassy, green-corn, 
nasturtium 


Aphamzomtnon 

Grassy 


Coelosphamum 

Grassy, sweet 


Microcystis ( Anacyslis ) 

Grassy, sweet 


Cy hndrospermum 

Grassy 


Gloeotnchid 

Grassy 


Ruuhma 

Moldy, grassy 

Fishy odor 

Diatomaceae 



Asterionella 

Fishy in large numbers 


Tabellana 

Chlorophy ceae 

Fishy in large numbers 


Diclyosphaenum 

In large numbers faintly 
fishy (also grassy) 


Eudonna 

Tamely fishy 


Pandonna 

Faintly fishy 


Voliox 

Protozoa 

Fishy 


Bursana 

Irish moss, salt marsh, fishy 


Ceratium 

Fishy 


Dinobryon 

Fishy, like rock weed 


Glenodimum 

Fishy 


Mallomonas 

Fishy m large numbers (also 
aromatic) 


Pendimum 

Fishy , like clam shells 


Syruira 

Cucumber, fishy, musk- 
melon, bitter taste 


Uroglerwpsis ( Uroglena ) 

Fishy and oily 
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Synura lias caused trouble in as small an amount as 50 units. The odor is 
variously described as resembling cucumber, muskmelon, etc. It leaves a bitter 
aftertaste. Chlorine intensifies the trouble, so that only a few units are noticeable. 

Diclyosphaerium , about 700 units, under influence of chlorine, has produced a 
grassy or pungent nasturtium odor. 

Troublesome organisms occur chiefly in surface waters. Occasionally, well waters 
containing iron or manganese cause trouble from growths of Crenothrix and asso- 
ciated forms that clog pipes and cause an unsightly, turbid, discolored water. 
Well strainers become clogged preventing their proper yield of water. 

Under ordinary circumstances, plankton organisms apparently do not affect the 
health. It is possible, however, that taste and odor may at times produce nausea 
or distaste for food, and that toxic blooms of algae may occur. Since it would 
take 12000 cubic standard units of Asterionella per cubic centimeter to add a 
milligram of solid matter to a glass of water, it is unlikely that harmful effects 
could be produced by water that satisfied the conditions associated with potability. 

SAMPLING FOR BIOLOGICAL EXAMINATIONS 

COLLECTION AND STORAGE OF WATER SAMPLES 

Equipment.— Wide-mouthed, glass-stoppered, 2-1. glass bottles, and special types 
of sampling equipment. 

The detailed specifications and directions for die use of these can be found in 
several texts, particularly in Standard Methods for the Examination of Water and 
Waste Water. 2 

Sampling Points .— Sampling points should be carefully selected to obtain repre- 
sentative samples. Special precautions should be taken to obtain a sample con- 
taining a typical dispersion of organisms, free from floating debris, mud, or ex- 
traneous material. The actual sites selected for collection should correspond as 
nearly as possible to those used in bacteriologic and chemical studies, in order to 
permit reasonable correlations. 

Collection of Samples .— The plankton sample may be taken simultaneously with 
samples intended for biochemical or chemical analysis, and frequently, in the same 
sampler. If no sampler is available and a surface sample will be adequate, an 
ordinary glass bottle may be used. For this purpose a clean 2-1. bottle, not neces- 
sarily sterile, having a wide mouth and a glass stopper, is ideal. Smaller samples 
can be collected and, according to some workers, as little as 200 ml. may suffice. 
It is generally agreed, however, that a large sample is advantageous. In making 
the collection, the bottle, with stopper removed, is thrust as far as possible, mouth 
downward, into the water. It is then inverted and allowed to fill. 

If the sample is to be examined while organisms are still alive— and this is 
often advisable in special studies where the greatest accuracy of identification is 
desired— it should be kept at its original temperature or iced to lower the tem- 
perature until an examination can be made. The bottle should not be placed 
in sunlight even on a cold day, and exhaustion of dissolved oxygen should be 
prevented by taking care not to fill the sample bottle completely. Such care is 
essential, as plankton organisms are very sensitive to environmental changes. One 
investigator, for example, reports dtat a rise of 10°C. in 20 min. is lethal to many 

2 Standaid Methods for the Examination of Water and Waste Water, 11th Ed., American 
Public Health Associadon, 1960. 
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of the common plankton species and that frequently the lamp heat readme the 
slide on the stage of a microscope is quickly fatal The chilling that occurs when 
samples are iced appears to be relatively harmless 

Preservation and Storage —Unless the sample is to be examined fresh as indi 
cated above it should be preserved immediately after collection by the addition 
of formalin Tins is accomplished by adding 5 ml of commercial formalin s to 
each 100 ml of water In routine sampling practice 40 ml of formalin is added 
to each liter of sample 

Since colors fade rapidly the preserved plankton sample must be stored in the 
dark Under favorable conditions although carotenes and xanthophyll are said 
to break down chlorophyll retains its color rather well and it has been found 
that an expert can identify most orgimsms m a preserved sample even after several 
years of storage For practical purposes a preserved sample has many advan 
tages but it should be remembered that the plankton organisms in a preserved 
concentrate have been subjected to sudden immersion in a fluid that often pro- 
duces severe contraction and distortion of body form ho ideal preservative has 
yet been found The microscopist therefore must always be on the alert for mis 
leading effects produced by the preservative Comparison with an occasional live 
sample from the same source will aid the investigator to recognize forms that may 
be distorted m routine preserved samples 

EXAMINATION OF THE SAMPLE 

Equipment Required Compound Binocular Microscope —Providing magnifies 
tion of at least 100 If possible an instrument with 2 additional objectives should 
be provided These should give a magnification of 200 to 210 and 430 to 4a0 
respectively Such magnification is needed for the identification of many forms 
W hippie Eyepiece Micrometer —Tins should be equipped with fine graduations 
to indicate a standard unit at a magnification of 100 Since modern microscopes 
clo not have an adjustable tube length this cannot be achieved exactly A factor 
must be used 

Standard Sedgwick Rafter Counting Cell — Prov ided with extra cover slips 
Stage Micrometer —Used for calibration of the ocular micrometer 
Sedgwick Rafter Funnels —Three funnels are required with racks of wood or 
other material 

Rubber Stoppers with Glass U Tube —These shall fit small end of Sedgwick 
Rafter funnels 

Silk Bolting Cloth Discs —Adequate to fit over small end of rubber stoppers 
The bolting cloth should be size No 25 (200 meshes to linear inch or 40000 to the 
square inch) 

Standard \V ashed and Graded Sand —Sand is required for use m the Sedgwick 
Rafter method of filtration White sand passing a series No 60 and retained by 
a No 120 U S standard screen should be purchased ready for use 
Glass Beakers 50 ml —Six are required 
Pipets— Six 10 ml and six 1 ml pipets are needed 
Graduated Cylinder, 500 ml 

3 Commercial formalin contains 37 to 42% formaldehyde Since this type of formalin is 
usually acid having a pH of approximately 4 it may be desirable to render it neutral or 
basic A slightly basic formalin is much to be preferred if specimens are kept for long 
periods of time This adjustment can be provided by adding household borax hexamm 
or a concentrated ammonia solution to the formalin 
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Standard Reference Books.— These will aid in identification of species. Standaid 
Methods for the Examination of Water and Waste Water should be included. 

Concentration of the Sample— Sedgwick-Rafter Method .— If organisms are nu- 
merous in the original sample, no concentration is necessary; in some instances, 
where a "water bloom” prevails, dilution of the -water sample may actually be 
needed before enumeration can take place. There is no general agreement among 
woikers in the field relative to the number of organisms needed per unit tolume 
of sample to provide a basis for an accuiate count, although it is hoped that cui- 
rent statistical research studies in this field may eventually provide a basis foi 
agreement. For practical purposes, however, it is necessary to set some aibitraiy 
limit. In doing so, it can be agieed that organisms are too numerous for an 
accuiate count when they overlap one another in a standard counting cell. Con- 
veisely, organisms are too scarce when the average count per 'Whipple field, under 
standard procedure is less than 1. 

It is suggested, therefore, that the ideal sample should contain a concentiation 
of organisms that will produce a count of not less than 10 organisms for the en- 
tire square, when a Whipple micrometer and a standard counting cell aie used. 
If tin's count is not attained, the sample should be concentiated. If other methods 
of counting are employed, the corresponding limit can be determined for the 
particular procedure. 

Filtration should be carried out as soon as possible aftei collection of the 
sample. If the sample is keep cool, 3 or 4 hr. may safely intervene; but, for longer 
peiiods and at high summer temperatuies, it is desirable to preserve the sample 
as directed above. 

Procedme .— Prepare the Sedgwick-Rafter filtei foi use, first inserting the glass 
U-tube in the large end of the rubber stopper; then cover the moistened small end 
with a disc of bolting cloth, and place the whole firmly in the lower end of the 
funnel. The lattei should be perfectly clean on the inside. 

Pour sand into the funnel to foim a layei in. deep on top of the disc. Add 
5 to 10 ml. of distilled water to wash down any sand on the walls of the funnel 
and to drive the air from the sand. As the distilled water filters through the sand, 
tilt the funnel from side to side to permit the air to escape. 

Mix the sample well, but do not shake violently. Measure out 250 to 1000 ml., 
accoiding to the density of the microscopic organisms in the sample, in a graduate, 
and pour slowly into the funnel, holding the latter in a slanting position and 
taking care to leave the sand undisturbed. 

Allow the water to filter through the sand. Moderate suction may be used to 
hasten filtration. Wash down the side occasionally with the waste filtrate watei 
fiom the sample. If living organisms are being concentrated, keep the tempera- 
ture of the sample uniform during filtration to a\oid the lethal effect of heat. 
After the water has reached the level of the outei arm of the U-tube, disconnect 
the suction, if employed; caiefully remove the U-tube from the stopper to allow 
most of the remaining watei to drain tlnough the sand. 

As soon as the sand has drained, transfer the funnel to a horizontal position, 
and remote the stoppei slowly with a twisting movement; then raise the funnel to 
a \ ertical position inside a small beaker. The plug of sand usually falls into the 
beaker. Wash down the walls of the funnel with 5 to 20 ml. of waste filtiate water, 
the amount varying with the final concentration of sample desired. The water 
should be measured with a pipet, and is finally collected in the beaker containing 
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the sand and organisms The container is then shaken gently to detach organisms 
from the sand grains 

Allow a moment for the coarse sand to settle then decant promptly into a 
beaker A second washing with an additional 5 ml of water is usually necessary 
If the mixing has been thorough any water remaining in the sand will have the 
same concentration of organisms as the decanted water of the second washing 
If the concentrated sample is to be preserved for future examination a 5% 
solution of formalin (5 ml of commercial formalin plus 9a ml of distilled water) 
may be used to wash down the funnel or the formalin may be added to the con 
ceiitrate and the latter made up to a definite volume some multiple of 5 is con 
venicnt 

Standardization of Microscope — One eyepiece of the binocular microscope to 
be used m counting plankton is fitted with a glass disc (reticule) bearing parallel 
engraved equidistant lines for the measurement of objects or with an engraved 
subdivided square (Whipple disc) designed to accurately delimit a microscopic 
field Before these ocular micrometers can be used they must be carefully cah 
bratedin combination with each objective 
The ocular micrometers are calibrated by measuring an object of known dimei 
sions thus determining the value of each subdivision by reference A stage mi 
crometer or glass slide on which an accurately ruled scale has been engraved is 
placed on the microscope stage and serves as the object of known dimensions 
The procedure consists of determining the number of intervals on the ocular 
micrometer required to cover one or several intervals on the scale of tie stage 
micrometer With the ocular and stage micrometers parallel and in part super 
imposed a line at one end of the eyepiece scale is selected and matched with a 
similar line of the stage micrometer scale If the two scales are then carefull) 
examined along their entire length it will be observed that the lines also corre 
spond at another point 

Since the exact distance between lines on the stage micrometer is known tie 
linear value of each ocular division can now be determined by reference For 
example if the smallest interval on the stage micrometer is 0 01 mm and 2a of 
these 0 01mm divisions are equal to 75 divisions on the ocular scale 1 ocuUr 
division = 0 2a mm —75 = 0 0033 mm 3 3 n W hen this ocular is used for 

me isurement the result is a direct reading of the length of an object in microns 
Thus an object covering 5 ocular divisions is 16 5 n long 
When high power objectives are calibrated the stage micrometer lines are mig 
mfied to a point where they have appreciable width As a result the calibration 
procedure must be modified by placing an ocular line alongside of rather than 
end to end with the stage micrometer lines The ocular lines used for cahbra 
tion should both he on the same side of their stage micrometer counterparts 
Single observations will not suffice to establish a true calibration of ocular 
micrometers The average of a large number of observations must be used The 
data obtained will be more readily available if a graph is prepared m which tie 
ocular scale dimensions are plotted against the linear distances they represent on 
the stage By reference to tins chart the length in microns of any given object 
examined may be determined quickly 

If the same ejepiece and objective are used and no change is made in the 
microscope tube length there will be no need to recalibrate an ocular micrometer 
The Whipple micrometer is usually calibrated by adjusting the tube length o 
the microscope at low power (16 mm objective) in such a way that the outer lines 
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of the square coincide exactly with the 0.0 mm. and 1.0 mm. lines on the stage 
micrometer. At higher powers, and where the tube length cannot be adjusted, 
the calibration is carried out in the same manner as for ocular measuring microm- 
eters. Since the reading will not be exactly 1.0 mm. in the latter case, a factor 
must be used to convert plankton counts to the standard value. 

Selectioti of Aliquot Portion for Examination.— The portion taken from a con- 
centrated sample should be representative, and the examination should include 
a sufficient number of organisms to insure accuracy. 

Sedgwick-Rafter Cell Method.— Shake the concentrated sample gently but in such 
a manner that complete mixing will occur. Place the cover glass obliquely across 
the cell. By means of a pipet, withdraw 1 ml. of material from the sample bottle 
before the motion of the sample induced by mixing has ceased. Introduce half 
at each open corner of the cell. When carefully done, this will cause the cover 
slip to rotate automatically into a position completely covering the cell. After 
a 4- to 5-min. settling period, the cell is ready for the enumeration procedure. 
During this interval most organisms settle toward the bottom and a few rise to the 
surface, coming to rest against the cover slip. 

Count of Organisms .— The organisms are counted in terms of areal or volu- 
metric standard units. The unit of measurement is a micron and an areal standard 
unit is defined as a square 20 p on the side or 400 square p. A volumetric standard 
unit would thus be a cube 20 p on a side. This method of recording microorgan- 
isms has been in use for many years. The Whipple eyepiece micrometer is con- 
structed to cover a square 1 mm. on a side or exactly 1 square mm. This is then 
divided into 100 smaller squares, and 1 of these smaller squares is subdivided still 
further into 25 subdivisions. Each of the very smallest squares covers an area of 
400 square microns, and is, hence, equivalent to an areal standard unit. In the 
process of counting it is customary to enumerate the organisms while simultane- 
ously recording their size in terms of area or of volume. In this way the signifi- 
cance of the different types of organisms is recorded more effectively than by mere 
enumeration of individuals. This is at once evident if it is remembered that one 
large organism may prove more serious than several very small ones. It is relatively 
simple to estimate the average diameter or length and breadth of an individual 
organism for comparison with the smallest square of the Whipple micrometer that 
is equivalent to 1 standard unit. In this way, the size of the organisms may be 
determined and recorded. If the volume measurement is required, it can be deter- 
mined by focusing the microscope from the top of the surface to the lowest surface 
(reading the vernier on the fine adjustment) to estimate the depth. The count 
of the individual organisms should be made in terms of either areal or volumetric 
standard units. 

A differential count may be defined as the enumeration of some or all of the 
different kinds of plankton organisms, distinguishing them qualitatively. It in- 
volves identifying, counting, and recording the numbers of individuals of each 
kind. In contrast, the total count has been defined as an enumeration of all the 
plankton forms without any attempt to distinguish between different kinds. 

In making a differential count, the contents of the cell should be examined under 
the microscope in three ways: first, the most abundant forms are counted by exam- 
ining a number of standard fields; next, a strip extending the whole length of the 
cell is examined for organisms that are less numerous; and finally, the whole cell 
is examined for large forms and those very limited in number. In all cases, 
examine the full depth of the cell to include floating forms. 
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General rules or suggestions for counting, which are applicable to an) of the 
three procedures listed, are as follows- (a) it is ordinarily impractical to count 
bacteria, (b) include in the count the remains of organisms living before the sample 
was presen ed, but, if it is difficult to discriminate positively, do not count the 
doubtful specimens, (c) objects near the limit of vision of a given ocular and objec 
me combination cannot be adequatel) counted Examine them under hHier 
powers, (d) detritus and objects other than plankton are recorded, if this informa 
tion can be of any use in the final interpretation of results, eg, counts of wood 
fibers derived from paper mills may be of value in pollution surveys (e) if a plank 
ton organism lies on the boundary line of the field, count only that portion lying 
inside and record as a fraction Another common system is to designate 2 adjacent 
sides of the field as counters and the opposing sides as ' noncounters , any 
organisms touching the * counters ’ are counted, while those touching the opposite 
sides are ignored (f) the length of filamentous forms should be estimated and 
reported in units of a selected standard length, some workers report filaments in 
terms of 100 ^ units (g) other forms having irregular colonies may be reported 
in terms of estimated units of volume, selecting arbitrarily a volume that approxi 
mates a medium size colony (li) except as indicated in (f) and (g), individual organ 
isms should be reported whenever possible, unless colonial groups have a fairly 
constant number of cells When a species of the latter type is reported in terms 
of colony units, it is well to indicate in the record the number of cells considered 
representative 

Field Count —The field count is made with the 16 mm objective and a 10 tnagm 
fication ocular, equipped with a Whipple micrometer When the distribution of 
organisms in the sample is uniform, and organisms are relatively abundant condi 
lions are ideal for counting and relatively few fields need to be examined 

The exact number of fields that must be examined will vary considerably de 
pending on the accuracy that is necessary, and the characteristics of the sample 
Careful statistical work is currently being carried on to ascertain, on a mathe 
matical basis, the exact number of fields that must be examined in any given simple 
to attain a preselected degree of accuracy 

For routine work it is recommended that, in samples that are adequately conccn 
trated to provide at least 10 organisms per field, not less than 10 standard fields 
should be examined m making a plankton count When special studies arc being 
made, it may be necessary to increase the number of fields tenfold Also when 
an 8mm objective is substituted for the 16mm objective, the number of fields 
examined must be increased from 10 to 40 

The fields selected should be taken at random, and should be well separated 
from one another In order that certain parts of the cell may not be inadvertently 
avoided, some workers divide the area of the counting cell into 4 sectors by diagonal 
hues connecting opposite corners Fields are then selected at random from eadi 
of tile general areas so delimited 

In making a differential count, certain forms will be too scarce to appear in 
satisfactory numbers m each field examined, that is, less than 1 per field on the 
average Sudi organisms must be counted by strip counts or survey counts 

Strip Count.— This count is made when a species is not abundant enough to be 
accurately enumerated by the Whipple field count It is also suited to the enu 
meration of organisms that are too small to be identified or counted properly under 
the low magnification available in the basic field count method The strip count 
is essentially the enumeration of a selected group of organisms as they occur 
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within an area represented by the full length of a Sedgwick-Rafter cell, 50 mm., 
and the width of a microscopic field, approximately 0.7 mm. The microscopic- 
field width generally used is that produced by a combination of a 10-magnification 
ocular and an 8-mm. objective. The exact width of this strip varies with indi- 
vidual lenses, and must be determined by reference to a stage micrometer. In a 
fully calibrated microscope, where the field diameter is known, it is a simple matter 
to convert strip counts into units that correspond with other methods. 

In the actual count, enumeration is begun at one end of the cell, and all organ- 
isms that are to be recorded are counted as the slide is moved past the objective 
by the mechanical stage. Usually one trip is made along the long axis of the cell. 
In some instances it may be desirable to count several strips to obtain the accuracy 
desired. 

Survey Count.— Large plankton forms, such as microcrustaceans and rotifers, 
which can be identified rather readily at low magnifications, and are less numerous 
than the smaller organisms, should be counted by the survey method. This in- 
volves enumeration of all organisms of this type that are present in an entire cell 
volume of 1 ml. Ideally, this count is made with a low-power stereoscopic micro- 
scope using its highest power. In routine work, however, most microscopists use 
the low-power objective, 16 mm., in combination with a 10-magnification ocular. 

By means of the mechanical stage, the entire contents of the counting cell are 
moved past the objective for recognition and enumeration of the organisms that 
are being counted. In making this traverse, it is possible to include smaller plank- 
ton organisms if these have special significance and cannot be accurately counted 
by the other procedures. 

If the total number of organisms is still too small for accurate reporting, several 
cells may be counted or the following supplementary procedure adopted: the entire 
sample is poured into a Petri plate, which is then examined under a stereoscopic 
microscope; guidelines or squares should be ruled on the Petri plate for the purpose 
of orientation. 

The survey count is the method generally applied to silk net collections, although 
the field or strip count may also be used. 

Identification of Organisms.— The plankton organisms found in the course of a 
biological examination of samples of water may be identified by carefully noting 
the size, configuration, and particularly, the color of the specific form seen in the 
microscope field. These observations can then be compared with the appearance 
of the different types as pictured in various texts and reference works on this 
subject, and the identity of a given organism thus can be determined with some 
assurance, to genus or to some more general group. A few of the types of plankton 
frequently encountered in surface waters are shown in Figs. 50-1 through 50-9. In 
making such comparisons, consideration must be given to potential malformations 
in the specimens isolated front the water, to variations produced by the point of 
view, and to other details that may be at some variance with the illustrations as 
found in the reference texts. Repeated examination of samples from a given 
source, and inspection at high magnification can do much to eliminate these dif- 
ficulties. 

Frequently, however, identification must be based on general and basic charac- 
teristics, and not on minute details of structure and color. 

For routine examinations, specific identification of the plankton forms found 
may not be necessary, particularly if the group to which they belong can be ascer- 
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Fic 50 2 Anabaena Flosaquac, Magnification 300 
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tamed, as Diatoms, Protozoa, etc In many instances, all that will be required is 
an enumeration of the In mg organisms noted with reference to their general 
identity _ 

Prelimunn identification of the forms found in a particular sample nvn be 
aided by considering some of the basic structural factors of a selected group of 
organisms commonly encountered in surface waters or in raw water supplies 
The genus Asterionella (little star), m its usual form, is readily recognized Four 
to 8 aims connected at 1 end, and radiating from the attached ends suggest its 
name If the inner, attached end is larger than the outer end of each arm the 
species is Asterionella joi mosa, if of equal size 

, — H it is A gracilhma The arms are usually slen 

) derer near the center m girdle view The col 
ormg matter appears as regularly spaced dots 
or dashes strung along the arm in a single row 
There is another form of Asterionella, in which 
the arms attach at either end in a zigzag man 
ner with occasionally 4 arms arranged in star 
fashion This form may be confused with Did 
toma or Tabellaria, but may be distinguished 
by the appearance of individual arms in valve 
view Diatoma having very heavy cross stmtions 
and Tabellaria an oval swollen center 

It should be mentioned that Diatoms have 
2 valves fitting together like clams oysters or 
scallops, but different in that they overlap file 
the cover and bottom of a Petri plate or a pill 
box The valve view is that of the top of the 
box, and the girdle view that of the edge (Dif 
ferent authors use different terms The above is according to Whipple) 
Diatoma in girdle view has straight sides and square ends, joining at the corners 
to form zigzag chains The valve view is distinctive from Asterionella and from 
Tabellaria, it has heavy cross stnations 
Tabellaria usually has wider arms than Asterionella or Diatoma, and 2 well de 
fined parallel marks or lines extending from each end nearly to the middle In 
some forms these are missing The arms join in zigzag fashion with sometimes 
3 or 4 in star shape As mentioned before, the valve view is distinctive, being’ 
distinctly swollen or inflated at the center There is a/so a dtsctnccise short, chubby 
form with a similar swelling m the valve view 
Tragilaria crotonensis is a common and distinctive plankton form, it looks like 
an old fashioned double edged, fine toothed comb, when colonies are not too 
large Some persons have referred to it as the "picket fence" Fragilana The 
needle like individuals of this diatom, tapered from the center to each end, are 
united at their centers, side by side, to form long ribbons in quiet water, shorter 
comb like lengths also occur if the ribbons are broken These structures thus have 
2 opposed comb like or serrated edges represented by the narrowed ends of each 
cell Other species of Fragilana do not have attenuated cell ends, and, therefore 
produce long ribbons of cells without serrations 

Mendion, like Fragilana, has cells that are attached side by side, but being 
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Fig 50 6 Pediastrum Conferva, Magnification 300. 



Fig 50-7. Spuog)ia, Magnification 100. 
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wider at one end than the other they form a fan or disc like pattern instead of a 
ribbon The valve u ew also is distinctive resembling a heavy baseball bat that 
is striated crosswise 

Gomphonema also wedge shaped does not jom m masses like Meridian Cells 
are borne singly at the ends of a system of dichotomously branched gelatinous 
stalks from which planktonic forms have broken loose In girdle view the cells 
are wider at 1 end than the other and hence wedge shaped In valve view there 
is some variation but typically the shape is that of a mummy case 

Synedra is another very common component 
of the phytoplankton The cells are usually 
narrow and many times longer than broad 
Cells are solitary and free floating in most s t 
uations but frequently free floating colonies 
with cells ndnting in all directions are en 
countered Even within the same species there 
is a tremendous variation in length of indmd 
ual ceils 

Many forms once seen are very readily ds 
tinguuhed Sfouroneu appeals as an elongated 
diamond with a cross marked from corner to 
corner Gyrosigma with a double curve re 
minds one slightly of the letter S \avicula is 
shaped as a little boat Welosira has cylindrical 
cells joined end to end to form filaments con 
taming considerable coloring matter Cycle 
tella appears usually as small perfect circles or 
small Petri plates without contents whereas 
Siephanodiscus is a larger Petri plate or pill box with conspicuous coloring muter 
and sometimes concentric markings visible on the circumference On edge these 
pill boxes are seen as rectangles Siephanodiscus also is typified by spines along 
die outer circumference top and bottom 
The coloring matter of the Diatoms may appear yellow to brown but in good 
light the chromatopliores are yellow green sometimes there is not much suggestion 
of color 

The Clilorophyceae are strongly green in color The common forms are readily 
distinguished and remembered from illustrations Dictyosphaeriiim and Dimorplo 
coccus are colonial forms in which the globose to reniform cells are joined by 
spider like threads to one another the former has cells m 1 colony all of the same 
shape the latter has colonies in which cells have 2 different shapes Pandori ia 
and Eudorma have spherical cells set m a jelly ball the former with the coccus 
bodies grouped together very closely at the center the latter with cells separated 
and spaced regularly near the surface Volvox is a large revolving hollow ball 
having a surface dotted with spherical forms It contains several conspicuous larger 
green cells these are in reality young Volvoces 
The Cyanophyceae or blue green algae contain a blue green coloring matter 
Anabaena is a good example of this genus it resembles a string of beads hostoe 
is very similar but differs in not having a gelatinous sheath It differs fr° m 
Cylmdrospermum in that the latter has ns heterocysts terminal with a large spore 
adjacent and that in the latter the filament is sometimes tapering 
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Aphanizomenon, under high power, has a beaded appearance, and contains a 
very long oval spore, which is scarce. Heterocysts are also present and character- 
istic. Under the ordinary power Aphanizomenon appeals as a pencil mark on 
drawing paper, and frequently the filaments appear in clumps that are large enough 
to be seen with the naked eye. In the field, these clumps resemble grass cuttings, 
aI1 d identification can be made on this basis. 

Oscillatoria is a pale bluish filament of even color, usually with rounded ends, 
straight sides, and cross striations. In an unpreserved sample, it may often be 
seen°to oscillate, or wave back and forth, and may even be observed to move 
slowly across the microscope field. 
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Fig. 50-9. Tabellaria , Magnification 200; Showing Whipple Eyepiece Micrometer. 

Of the Schizomycetes, Crenothrix and Leptothrix are fairly common, and occur 
in well waters containing iron or manganese. They occur as dark brown masses 
due to discoloration with iron or manganese. If these are dissolved by acid, the 
oblong cells usually become visible, embedded in a gelatinous sheath, but not 
touching each other, and forming a filament. The yellow or brownish stalks of 
Anlhophysa, a Protozoan, are sometimes mistaken for Cienotlmx or Leplothux, 
but the latter is usually branched like a “Y” and has longitudinal stiiations. The 
colonies of Anlhophysa resemble Synura, but are colorless and generally smaller; 
il these colonies occur in a sample, one should check the filaments of iron bacteria 
tery caiefully. 

The Protozoa are the lowest forms of animal life, unicellular in structure, 
though they may aggregate in colonies. Dinobryon is a form that contains cliloro- 
ph)li and may be classified among the plants. Frequently when it occurs, only 
pencil-like outlines of the tiny cups or trumpet-like shells are visible; one set in 
another, to form branching aggregations. Spores of Dinobiyon are sometimes 
mistaken for the Diatom, Cyclotella. Glenodinium and Periclinium, also carriers of 
chlorophyll, and therefore, plant-like, are oval with a groove across the center. 
The former is smaller and has a smoother outline than the latter. Synura is a 
small, moving, greenish-yellow to yellow ball of oval chlorophyll bearing organ- 
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isms joined concentrically and closely packed Uroglena is a large jelly like hollow 
ball of minute chlorophyll containing animalcules, the latter embedded near the 
surface, similar m appearance to Volvox, preuously mentioned, but lackmn the 
large green cells (daughter colonies) Uroglena, when alive, rolls around slowly 
in the center of the liquid of a counting cell Broken pieces ha\e the shape of a 
jnete of a rubber ball It is just \isible to the naked eye and is recognizable in 
the bottle 

Itotifna, Crustacea, Tardigtada, etc (more complicated animal forms) are read 
ily distinguished by their pictures in most instances Many are \isible to the 
naked eye Cyclops may readily be recognized in the bottle by its shape and 
swift dtrtiug motion It appears about the size of a pinhead, shaped somewhat 
like a till) fish, but wider in proportion Bosmma (little cow) and Acanna (httle 
spider) both, hate a peculiar, characteristic jerky motion Bosmma, m a sense, 
i cm nub one of a tiny microscopic elephant 
Calculation o/ Results. Record Forms —Although it is difficult to design a 
bench sheet that will fit all situations in plankton counting, most workers find 
forms of this type \ery useful Where repeated examinations are made of 1 sim 
pling point or a series of similar sampling areas, a very satisfactory sheet cm be 
prepired Since there can be considerable latitude in the preparation oi such 
lorms no exact specifications will be given 

Such forms should provide spaces for information on the identity and history 
of each sample Included would be such items as the exact j>lace and time of 
collection, the name of the collector the time of arm al in the laboratory the lab- 
or itorv serial number the date of ex iminauoii, and the name of the examiner 
1 lie manner of ruling the sheet may vaiy widely In some instances I sheet 
will be ruled to facilitate entries when 10 fields are examined the other will bt 


set up for a procedure involving the examination of 5 fields a procedure no longer 
recommended Either form, however, may be adapted to counts where a larger 
number of fields is examined bv making double entries in a square or by using 
2 or more lines of squares in reporting the results The form can be fitted to the 
requirements of the laboratory concerned its chief function being to assure an 
immediate accurate, and uniform recording of results 

Reporting of Observations —Reporting the number of organisms of each species 
is a straightforward procedure anti requires much less time than a method that 
is based on the volume of each plankton species In many instances, a simple 
count of this kind is entirely adequate for the practical problems involved, and 
mis far used without modification fn other instances, where a fairfy cwwron® 
plankton prevails and the same locality is examined repeatedly, the direct count 


c in be converted into volume units by applving factors For example, each species 
inav lie tssigned a volumetric factor that for practical purposes, represents the 
avtrige volume of any organism within the group By applying tins factor to the 
mimciieal count the final report can be given in terms of volume. If desired 
this figure can then be converted to us equivalent in cubic standard units Some 
workers have stated that cubic standard units is a poor way to give voltimciw 
reports and prefer to leport their counts of living cellular matter as parts per 
million or milligrams per liter In the latter procedure, the specific gravity ol 
the organisms must be known Ordinarily the practical worker assumes ilus nhie 
is 1 0 the same as th it of water, and proceeds accordingly to report the plankton 
oiguusms in terms of milligrams per liter 

Uhc.it colonial or filamentous forms are counted, they should be reported j« umw 
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of standardized units. Melosira or Oscillatoria, for example, may be reported as 
units or fractions of units, 100 n in length. In some colonial forms, the number 
of cells may be enumerated; more often it is desirable to report the number of 
colonies. In the latter procedure, especially where colony size may vary consider- 
ably, the volume of each colony should be estimated by reference to the Whipple 
micrometer guide lines, while the count is being made. The report can then be 
rendered in terms of an equivalent number of standardized medium-size colonies. 
The size of colony chosen as a standard may be arbitrary but should fall near the 
median. Such a procedure facilitates comparison of samples and, if desired, pro- 
vides an easy basis for converting a numerical count into a volumetric equivalent. 

In enumerating the organisms, the field count is usually made first, counting all 
organisms that lie within the limits determined by the Whipple disc. This count 
is carried out at a low power, with the I6-mm. objective and 10 magnification 
oculars. 

It is followed by the strip count and survey count, which include organisms too 
scarce for accurate counting by the random field technique. 

In recording the count, a bench sheet is very useful; the results are simply entered 
in their proper columns as the enumeration is carried out, and are then ready for 
summation. Certain modifications in the use of a form may be made to fit the 
situation at the time a count is made. When standard lengths of filaments and 
standard-size colonies are reported, suitable entries are conveniently made within 
parentheses following the name ot the organism. 

Sedgwick-Rafter Cell Count— Cubic Standard Units.— The following calculation 
is an example of the procedure followed when reporting in terms of cubic standard 
units. (Results may also be reported in terms of the number of organisms per 
unit volume of sample by a slight change in procedure.) 

Record the total number of organisms, of standard units, or of both, found by 
examination of the 10 fields, or by mechanical-stage traverses. 

Convert into terms of volumetric standard units the totals recorded for each 
species. This computation is not necessary where the bulk of a species has been 
estimated, whenever seen, in terms of volumetric standard units. 

As each value of volumetric units is obtained, convert it into volumetric standard 
units per milliliter of original unconcentrated sample. The latter value is obtained 
by multiplying the volumetric units by suitable factors secured in the following way: 


factor = 


number of fields in 1-ml. 
counting cell 1 mm. deep 
number of fields counted 


milliliters of concentrate 
milliliters of water in original sample 


If, for example, there are 1000 fields in the counting cell, 10 fields are counted 
in the field count, 250 ml. of water are filtered, 15 ml. is the volume of the con- 
centrate, and the cell holds 1 ml. and is 1 mm. deep, the formula becomes: 


field count factor or multiplier = 


1000 

10 



In the survey, the entire cell is examined. If the conditions are the same as 
those above, 1000 fields are covered and the formula becomes: 


1000 v 15 

survey factor = _ X — = 0.06 
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Multiplication of the results of the field count and survey by the respective 
factors gives the approximate actual \olume of each organism in 1 ml of water 
This can be converted into cubic standard units per liter by multiplying by 1000 
Record the volumetric standard units per milliliter of sample for each species 
observed in the survey and field count Total the items in each column then add 
the 2 sums to obtain the final result which is expressed as total volumetric standard 
units or organisms per milliliter of sample The volume of amorphous matter 
may be computed and recorded in similar fashion To keep a record of the 
number of organisms use 2 additional columns subheaded Survey and Total 
Count respectively but with the main heading Number of Organisms 
Number of Organisms —The following calculation is used when reporting in 
terms of number of organisms per unit volume (Results may also be reported in 
terms of cubic standard units by a slight change in procedure ) 

The calculation is designed to give the number of organisms per liter rather than 
per milliliter as in the above example 

Record the field count total Since it is recommended that 10 fields be examined 
this is the total number of organisms found m 10 fields 
Calculate the factors needed to convert the survey count strip count and field 
count into number of organisms per liter of original unconcentrated sample T1 is 
can be converted into number per 100 liters by multiplying by 100 or into number 
per milliliter by dividing by 1000 

Survey Count The entire area of a Sedgwick Rafter counting cell or of several 
cells is examined If the contents of 1 cell are examined and counted then 


, milliliters of concentrate X 1000 

factor = — r 

milliliters of original sample 

Ship Count— One or several strips may be examined II 1 strip is used tl en 


factor 


area of cell 

area of strip examined 


X 


milliliters of c oncentrate 
milliliters of original sample 


X 1000 


Field Count —The total number of organisms in 10 fields is multiplied by a 
factor obtained as follows 


factor = nutn ber of fields in counting cell ^ milliliters of concentrate ^ 
number of fields counted milliliters of original sample 

Interpretation of Results —If 300 or more cubic standard units of living organ 
isms are found the water should be treated with copper sulfate to prevent possible 
trouble with taste and odor or interference with subsequent treatment procedures 
such as coagulation and filtration From 100 to 300 cubic standard units indicates 
active growth of microorganisms More than 500 cubic standard units indicates a 
serious condition One thousand cubic standard units or more oE amorphous matter 
indicate probable heavy growth of organisms that have died and disintegrated The 
presence of a single individual of certain types of organisms such as Synura is an 
indication of potential taste and odor difficulties and in some situations may mdi 
cate the need for treating the water promptly with copper sulfate 
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CONTROL OF GROWTHS OF PLANKTON IN WATER 

When storage reservoirs are subject to heavy seasonal growths of plankton and 
similar microorganisms, they should be given specialized treatment to eliminate 
such growths before they reach a magnitude that will impair the quality of the 
water. Although the elimination from reservoirs of drainage from swampy areas 
and of pollution may reduce growths, usually some more definite treatment is 
required. An effective procedure is the application to the reservoir of copper 
sulfate, which has a specific toxic action toward most of the plankton forms. The 
dosage of copper sulfate required is small, but varies with the species to be 
destroyed and with the chemical characteristics of the water. In the hard waters 
of the middle west, laiger dosages must be used than in the soft water areas of 
the eastern United States. The dosage generally used is between 0.1 and 2.0 
p. p. m. The copper sulfate is added in solid form. The solid dissolves in the 
water and destroys the living cells, and the copper is precipitated as copper cai- 
bonate. This precipitate then settles to the bottom of the reservoir and exerts 
little or no further action. 

The giowth of most plankton forms is at the surface or in the upper 20 ft. of 
depth. Thus, it is general practice to add only sufficient copper sulfate to yield 
the requiied dosage in the ujrper 20 ft. of watei. In order to compute the amount 
of chemical required, and plan for its effectite use, the area and profile of the 
storage reservoir must be known. Since 3 acre-feet of watei is 1.0 million gal., 
computation of the amount of copper sulfate required is simple. The limiting 
dosages of copper sulfate as affecting fish life are gnen in Table 50-2. 


Table 50-2. Limiting Dosage of Copper Sulfate for Fish Life 


Fish 

Parts 

per 

Million 

Pounds per 
Million 
Gallons 
(Approximate) 

Trout i 

0.14 

1.2 

Carp 

0.33 

2.8 

Suckers 

0.33 

2.8 

Catfish 

0.40 

3.5 

Pickerel 

0.40 

3.5 

Goldfish 

0.50 

4.2 

Perch 

0.67 

5.5 

Sunfish 

1.33 

11.1 

Black Bass 

2.00 

16.6 


Effects on Fish Life .— In treating water with copper sulfate over-treatment must 
be avoided as this chemical is toxic to fish life, and excessive doses, particularly 
if concentrated in a local spot, will rapidly destroy fish in that area. 







Table 50-3 Chemicals Required for Treatment of Different Genera 


Organisms 

Odor 

CuSO<, 

Parts per 
Million 

CuSOi, 
Pounds per 
Mil Gals 

Chlorine 

ppm. 

DlATOMACEAE 





Astenonella £ 

Aromatic, geranium, fishy 



0 5 *-l 0 • 

CycloUlla f£ 

Faintly aromatic 

— 

— 

10 


Faintly aromatic 

— 

— ■ 


Frag liana f 





Alt lour a f£§ 




20 


Aromatic 




A awcula t 


0 07 

06 







Syntdra ft 

Earthy 

0 36 *— 0 50 * 

3 0-4 2 

10 

Stephanodiscus 





Tab tUor la £ 

Aromatic, geranium, fishy 

0 12 *-0 50 * 


0 5 *-l 0 

ChlorophvceaE 





Cladophora \ 












0 05-0 33 

0 4-2 8 


Confena t 


0 25 

21 


Dtsmidtum 


2 00 

166 


Dictyosphacnum £ 

Grassy nasturtium fishy 

— 

— 

0 5 *-l 0 

Draparnaldia 





Eudonna 

Faintly fishy 

2 0-10 10 



Entomophora 





Glococystis 

Offensive 

— 

— 


Hydrodictyon 

Very offensive 

0 10 

08 




0 40 

3 3 


Palmella 


2 00 

166 


Pandonna 

Faintly fishy 

2 0-10 00 

16 6-83 0 

10 

Protococcus 





Raphidium 


1 00 

83 


Scenedesmus 


1 00 * 



Spirogyra t 


012 

1 0 

0 7-15 

Staurastrum 

Grassy 

1 50 

12 5 


Tt tract rum 







0 20 * 

1 7 


loliox £ 

Fishy 

0 25 

2 1 

0 3 M 0 

Zygnema 


0 50 

42 


Cyanophvceae 





Anabaena £ 

Moldy, grassy, vile 

0 12 *-0 48 

1 0-4 0 


Aphanizomcnon £ 

Moldy, grassy, vile 

0 12 *-0 50 * 

1 0-4 2 


Clathrocystis 

Sweet grassy, vile 

0 12 *-0 25 * 



Coelosphaerium £ 

Sweet grassy 

0 20 *-0 33 



Cyltndrospcrmum 

Grassy 

0 12 



Microcystis 


0 20 



0 snl tana t 


0 20-0 50 * 



Rivularia 

Moldy, grassy 

— 






The organisms where odors are expressed have been in sufficient quantity at one time 
another to cause the characteristic odor 

* Dosage successfuljn New York City’s supplies. - 

t These organisms have caused trouble other than odor « n 

t These organisms have been affected by chlorine producing characteristic odor 
many cases controlled by dosage ranging from 0 3 to 3 p p m depending largely on am 
of organisms 

§ Controlled by excess caustic lime, 5 p pm in the case of the diatoms 
Note — Range of dosage largely due to temperature 
2510 
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Methods for treating bodies of water for destruction of biological life can be 
found in many standard reference works on water supply treatment. To avoid 
difficulties these procedures should be followed in detail. 

The recommended dosages in parts per million and pounds per million gallons 
of copper sulfate to be added to a water source for destruction of the tarious 
types of plankton organisms are given in Table 50-3. 

SUMMARY 

The proceduie for the biological examination of water given in detail in Stand- 
ard Methods for the Examination of Watei and Waste Water, is the one geneially 
recognised and used. Modified technics have been pioposed and, in many in- 
stances, may be superior to the standaid Sedgwick-Raftei Method. Many methods 
for the collection of samples under special conditions, and employing vaiious 
kinds of instruments for the purpose, are often recommended. The specialized 
details of these procedures for examination and foi collection of samples can be 
found in the work cited above, as well as in othei refei ence texts lelated to aquatic 
biology. 


SELECTED BIBLIOGRAPHY 

Bailies, H, Oceanogiaphy and Mamie Biology, Macmillan Co, New Yoik, 1959. 

Clarke, G. L, Elements of Ecology, John W’lles & Sons, hie , New York, 1951. 

Gilcreas, F IV., How to Impio\e Water Tieatment. Watei Woiks Enginceiing, 1956. 

Lackey, J B., The Manipulation and Counting of Ri\ei Plankton and Changes in Some 
Oiganisms Due to loimahn Piesenation, Public Health Repoits, 53, 2080, 1938. 

Mooic, E. M'., The Piecision of Microscopic Counts of Plankton in Watei, J. AWWA, 44, 
208, 1952 

Mooie and Kellciman, A Method of Desttoymg oi Pietentmg the Giowtli of Algae, etc., 
Bulletin 64, Buteau of Plant Industi), U S Dept of Agnculture. 

Mooic and Kellerman, Coppei as an Algicide and Disinfectant m W'ater Supplies, Bulletin 
76, Btiicau of Plant Industi), U S Dept of Agnculture. 

Needham and Needham, Guide to the Stud) of fresh- Watei Biology, Comstock Publishing 
Associates, Ithaca, New York, 1930. 

Olson, T. A., Microscopic Methods Used in Biological Imestigation of Lake and Stieam 
Pollution and Intel pietation of Results. Sew Works J , 8, 759, 1936. 

Palmer, C. M., Algae m Watei Supplies, Pul) 657. DEW Public Health Seivice, U. S. 
Gotcinment Piinting Office, Washington, D C , 1959 

Phelps, E B„ Stream Sanitation, John W'lley & Sons, Inc, New Yoik, 1944. 

Smith, G. M,, The Fresh-Watci Algae of the United States, McGiaw-Hill Book Co., New 
Yoik, 1950. 

Standard Methods foi the Examination of Watei and Waste Water, lltli Ed., APHA, 1960. 

Tarzwcll, C. M., ed., Biological Pioblems m Watei Pollution, Tiansactions W'atci Pollu- 
tion Seminal, 1956, Robcit A I aft Sanitar) Enginceiing Center, Cincinnati, Ohio, 1957. 

1 he Use of Coppei Sulfate and Metallic Copper foi the Removal of Organisms and Bac- 
teiia fiom Drinking W'atei— A Symposium, Vol. 19, No. 4, New England W'atei IVoiks 
Association. 

Tiffany, L. H„ Algae, the Glass of Many W'aters, C. C. Thomas, Publisher, Springhcld, 
Illinois, 1938. 

Waul and W'hipple, in Edmonson, ed.. Flesh Water Biology, 1959. 

Welch, P. S., Limnological Methods, Blakislon Co., Philadelphia, 1948. 

W'hipple, Fair, and W'hipple, The Microscopy of Di inking Whiter, lohn Wiley & Sons, 
Inc., New York, 1927. 



INDEX 


Abderhalden oven, 2056 
Absorbent reagents for gas analysis, 
bromine watei, 1515 
chromous chlonde, 1515 
copious chloride acid, 1516 
cupi ous sulfate-beta-naphtliol solution 
1516 

potassium hydroxide, 1514 
pyrogallol, alkaline, 1515 
sulfuiic acid, fuming, 1515 
Absoiption spectia, inflated 
jlkyd-mclamnie-tiiea blend, 1710 
benzoguanainnie-formaldehyde, 171 1 
bisphcnol type epoxide, 1715 
butyl benzyl plitlialatc, 1720 
p-tet /-bu ty Iphcnol-formaldehyde, 1713 
castoi oil, dehydiated, 1712 
cellulose acetate, 1716, 2040 
cellulose acetatc-butyiate, 1717 
cellulose nitiate, 1716 

cellulose nitiate, plitlialatc ester plasti- 
cized, 1716 

di(2-ethylhe\)l)phthalatc, 1719 
epoxide estci of castoi oil, 1715 
epoxidized soya oil, 1720 
ethyl cellulose, 2041 

glyceryl estci of rosin (estei gum), 1713 
linseed glyceiyl plitlialatc, 1709 
linseed oil, raw, 1711 
maleic rosin ester, 1714 
melamine-formaldehyde, ?i-butylated, 

1710 

oilicica oil, 171 1 

pentaery thritol dehydrated castor oil 
losin varnish, 1714 
phenolic modified linseed oil, 1712 
p-plieny lphenol-foi maldchyde, 1713 
polyaciylonitnle, 2037 
polyethylene, 2039 
poly methyl acrylate, 2040 
poly(mcthyl methacrylate), 1718, 2040 
poly (methyl methaciylate-butyl metha- 
crylate), 1719 

poly (methyl methacrylate), phthalate 
estci plasticized, 1719 
polystyrene, 2037 
poly(styiene-butadiene), 1721 
polystyiene-rubber blend, 2037 
poly(\inyl acetate), 1721, 2038 
poly \ iny 1 alcohol, 2038 
poly(\ inyl chloiide), 1717, 2038 
poly (vinyl chloride-acetate), 1718 
poly (\inyl chloiide-acetate-maleate), 

1718 


Absorption spectra (Cont.) 

poly (\ inyl chloiide), phthalate ester plas- 
ticized, 1717 

polyi iny lidcnc chloiide, 2039 
styienated soya tung glyceryl phthalate, 
1709 

styrene-aciylonitiile-acrylate tei polymer, 
1721 

tricrcsyl phosphate, 1720 
tung oil, 1712 

urea-formaldehyde, n-butylated, 1710 
\ my 1 chloucIe-Miiy lidcnc chloride co- 
polymer, 2039 

vinyl toluenated soya tung glyceryl 
phthalate, 1709 
zinc resinate, 1714 

Acceleiated weatheung test for bituminous 
substances, 1010 

Accelerator, tests for in lubbei compounds, 
2224 

Accuracy of analytical deteiminations, 320-2 
Acetate, 

detection of, in polymers and resins, 
1633, 1635 
test for, 59 
Acetic acid 
analysis of, 589 
comnieicial types of, 589 
piecipitant foi metals, 109 
specific gra\ ity-composition, tables, 621 
Acetic anhydride, analysis of, 591 
Acetals, dcteimination of, 467 
Acetone, 

detection of, in toxicology, 2112 
determination of, in toxicology, 
method of Ginther and Finch, 2139 
extiact of rubber, 2156 
Acetylacetone, extractant for metals, 182, 
183 

Acetylene, determination of, in air, 642 
Acetylenic compounds, determination of, 
480, 481, 482 

Acid. Sec also individual acids. 
acetic acid, analysis of, 589 
p-aminobenzoic acid, 2383 
ascorbic acid, 2384 
benzoic acid 

as alkalimetric standard, 261 
analysis of, 597 

as calorimetric standaid, 1179, 1286 
butyric acid, determination of, in natural 
fats, 1464 

chlorosulfonic acid, analysis of, 571 
citric acid, analysis of, 596 
ethylenediaminetctraacetic acid. 
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Air, analysis for (Cont.) 
hydiogen sulfide, 634 
nitrogen oxides, 635 
oiganic pollutants, 640 
oxidants, 637 
ozone, 637 
particulate matter 
settled, 628 
suspended, 630 
phenols, 642 
sulfui dioxide, 631-3 
pollutants, 627 
inoiganic, 631 
oiganic, 640 

Albumin, determination of in serum, 1118 
Albuminoid nitrogen, determination of in 
water, 2453 

Alcohols. See Hydroxy Compounds, Or- 
ganic. 

Alcohol-benzene solubility of wood, 1731 
Aldehydes. See also Carbonyl Compounds. 

determination of, 463, 465, 467, 640 
Aldrin, determination of, in pesticides, 
infiared method, 1845 
total chloiine method, 1845 
Algae in water, 2520 
Alkalies. See also Bases. 

standard solutions of, 260-2 
Alkalies, super, analysis of, 611 
Alkalimetiy, 255-62 
Alkalinity, determination of, 
in sodium hydroxide, 601 
in paper, 1818 
Alkaloids, 

detection of, in toxicology, 2119-22 
determination of, in toxicology, 2124 
separation of mixtures of, 2126 
Alkene oxides. See also Oxirane Oxygen 
Compounds. 

Alkene double bond, microdetermination of, 
422, 423 

Alkimino group, microdetermination of, 417 
Alkoxyl group. See also Ethers. 

miciodetermination of, 406 
Alkyd-melamine-urea blend, infrated ab- 
sorption spectra of, 1710 
Alkyd tesins, in paints. See also Paints, 
Varnishes, and Lacquers, 
analysis of, 1650 
blends with amino lesin, 1664 
detection of, 1630 

dicai boxy lie acid, fraction (phthalic an- 
hydiide), 1650 
fatty acid function, 1651 
polyhydiic alcohols fraction, 1655 
styienatcd, 1658 

Alkyl benzene sulfonates, determination of, 
in water, 2489 

Allethrin, in pesticides, 1845 
Alloy steel. See Ferro Alloys, Iron, and 
Steel 
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Alloys. See also individual Alloys and theii 
Components. 

analysis of, by electrolysis, 178 
determination of, 
aluminum, 

in copper -base alloys, 824, 870, 875 
in fer robot on, 777 
in ferrotitanium, 809 
in ferrovanadium, 789 
in nickel-copper alloys, 894 
in zinc-base die-casting alloys, 916 
antimony, 

in bearing alloys, 900 
in brasses aird bronzes, 836, 838 
in copper -base alloys, 836, 838 
in die-casting alloys, 900 
iir fetrotungsten, 802 
in pig lead, 900 
in soft solder, 900 
in white metal, 900 
arsenic, 

in beating alloys, 899, 905 
in brasses and bronzes, 834, 836 
in copper-base alloys, 834, 836 
in die-casting alloys, 899, 905 
in ferrotungsten, 797 
in pig lead, 899, 905 
in soft solder, 899, 905 
in white metal, 899, 905 
beryllium, in copper-beryllium alloys, 
849 

bismuth, 

in bearing alloys, 914 
in dic-casting alloys, 914 
in prg lead, 914 
in soft solder, 914 
in white metal, 914 
boron, in ferroboron, 775 
carbon, 

in ferroboron, 781 
in ferrochromium, 784 
in ferromanganese, 773 
in ferromolybdenum, 805 
in ferrosilicon, 765 
in ferrotitanium, 811 
in ferrotungsten, 792 
in ferrovanadium, 786 
in manganese-silicon, 773 
in nickel-copper alloys, 890 
in silicon manganese, 773 
chromium, 

in brasses and bronzes, 844 
in copper -base alloys, 844 
ferrochromium, 781 

cobalt in nickel-copper alloys, 883, 884 
copper, 

in bearing alloys, 901, 907 
in brasses and bronzes, 814, 865 
in copper-base alloys, 814, 865 
in copper-beryllium alloys, 848 
in copper-tellurium alloys, 846 
in die-casting alloys, 901, 907 
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Alloys determination of, copper (Cont) 
m ferromolybdenum, 807 
in ferrotungsten, 798 
in nickel copper alloys, 880, 881 
in pig lead 901 907 
in soft solder, 901, 907 
in white metal, 901 907 
in zinc base die casting alloys, 918 
iron, 

in bearing metals 910 
in brasses and bronzes 827, 856 870, 
872 

in copper base alloys, 827, 856, 870, 
872 

m die casting alloys 910 
in nickel copper alloys 886, 887 
in pig lead 910 
in soft solder 910 
in white metal 910 
lead 

in bearing alloys 901 
in brasses and bronzes 814, 817, 818, 
865 

in copper base alloys, 814, 817, 818, 
865 

in die casting alloys, 901 
in pig lead 901 
in soft solder 901 
in white metal 901 

magnesium in zinc base die casting al- 
loys 916 
manganese, 

in brasses and bronzes 829 830, 831, 
870 874 

in copper base alloys 829 830 831 

870 874 

in ferromanganese 7G9 77l 
ferrotungsten 792 
in manganese bronze 859 
in manganese silicon 769 771 
in nickel copper alloys 888 889 
in silicomanganese 769 77l 
molybdenum in ferromolybdenum, 802 
nickel, 

in brasses and bronzes, 826, 851 870 

871 

m cupper 6a se affoys 851 870, 
871 

m nickel copper alloys, 881, 882 
phosphorus, 

m brasses and bronzes 832 854 
m copper base alloys 832, 854 
m deoxidized copper, 853 
m ferromanganese, 773 
m ferromolybdenum, 80G 
ferrosiheon, 766 
ferrotungsten 793 
in ferrovanadium 786 
in manganese silicon, 773 
in phosphonzed brasses, 853 
m silicomanganese, 773 


Alloys, determination of (Cont) 
silicon, 

in brasses and bronzes, 823 SCO 
m copper base alloys, 823, 860 
in ferroboron, 780 
in ferrochromium, 784 
in ferromolybdenum 806 
in ferrosilicon 764 774 
ferromamum, 810 
in ferrotungsten, 795, 796 
in ferrovanadium, 788 
manganese silicon, 774 
nickel copper alloys, 891, 892 
silicomanganese, 774 
sulfur, 

in brasses and bronzes 810 842 
in copper base alloys, 840, 842 
ferromanganese, 773 
in ferromolybdenum, 805 
in ferrosilicon, 768 
in ferrotungsten, 794 
in ferrovanadium, 787 
in manganese silicon, 773 
in nickel copper alloys 892, 893 
m silicomanganese, 773 
tellurium, in copper tellurium aliens 
847 

tin, 

in brasses and bronzes 818 839 864 
876 

in bearing alloys 897 
in copper base alloys 818 839 864 
876 

in die casting alloys 897 
in ferrotungsten 800 
in pig lead 897 
in soft solder 897 
in white metal 897 
in zinc base die casting alloys 918 
titanium, in ferrotitanuim 807 
tungsten, in ferrotungsten 790 
vanadium, in ferrovanadium 785 
zinc, 

in bearing alloys 902 
in brasses and bronzes 821, 822 
in copper base alloys 821 822 
in die casting affoys, 932 
in pig lead, 902 
in soft solder, 902 
in white metal, 902 

ferro alloys, see also individual Alloys and 
Components 
analysis of, 
ferroboron, 775 
ferrochromium, 781 
ferromanganese, 769 
ferromolybdenum, 802 
ferrosilicon, 764 
ferrotitanium, 807 
ferrotungsten, 790 
ferrovanadium, 785 
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Alloys, ferro alloys, analysis of (Cont.) 
manganese-silicon, 769 
silicomanganese, 769 
sampling of, 758-63 

nonferrous. Sec also individual Alloys. 
analysis of, 
bearing alloys, 896 
brasses and bronzes, 813 
copper-base alloys, 813 
copper-beryllium alloys, 848 
copper-tellurium alloys, 846 
die-casting alloys, 896 
nickel-copper alloys, 879 
pig lead, 896 
soft solder, 896 
white metal, 896 
zinc-base die-casting, 916 
Alpha-cellulose in paper pulp, 1751, 1819 
Alpha-naphthyl thiourea, determination of 
in rodendcides, 1848 
Alpha tocopherol. See also Vitamin E. 
determination of, 235 1 

Alpha tocopherol acetate, determination of, 
2351, 2353 
Aluminum, 
detection of, 54, 79 
in brasses and bronzes, 870 
in copper-base alloys, 870 
in paper filler and coating, 1815, 1816 
determination of, 
in borosilicatc glasses, 2254 
in brasses and bronzes, 824 
in clays and feldspars, 2263 
in copper-base alloys, 
gravimetric method, 824 
routine rapid method, 875 
in ferroboron, 777-80 
in ferrotitanium, 809 
in ferrous slags, 2268, 2273 
in ferrovanadium, 788 
in iron and steel, 721-3 
in lead glasses, 2251 
in magnesium metal, 1322 
in nickel-copper alloys, 894 
in paints, 1702 
in quartz sand, 2260 
in soda-lime glasses, 2238 
in water, 2401 

in zinc-base die-casting alloys, 916 
micro method, 429 
prccipitants for, 102, 133, 154 
Aluminum brass, 866 
Aluminum bronze, 866, 867 
Aluminum metal, 
analysis for, 
metallic aluminum, 
eudiometric procedure, 1306 
by water conversion, 1306 
copper, 1309 

ether-soluble material, 1308 
iron, 130S 
lead, 1309 


Aluminum metal, analysis for (Cont.) 
magnesium, 1309 
manganese, 1311 
nickel, 1310 
silicon, 1308 
tin, 1311 

volatile matter, 1308 
zinc, 1308 

detection of, in paper filler and coatings, 
1813 

determination of, 
in dynamites, 1360 
in Portland cement, 1058 
in rubber compounds, 2216 
Aluminum prccipitants for, 102, 133, 154 
Amatol, test for, 1349 

American Society for Testing and Materials 
(A STM) 

ASTM methods desetibed or abstracted 
in the text 
Cl 14-58, 1054 
C114-58T, 1063, 1069 
Dl-52, 985 
D6-39T, 974 
D20-56, 979 
D36-26, 968 
D39-49, 1027 
D50-50, 1684 
D56-61, 1913 
D61-38, 970 
1570-52, 956 
D86-61, 1929 
1)88-56, 1943 
D90-55T, 2031 
D92-57, 1918 
D93-61, 1923 
D95-58, 529, 1972 
1)97-57, 1963 
Dll 3-44, 966 
D 121 -30, 1275 
D126-50T, 1692 
1)129-60, 2012 
D 130-56, 1999 
D 139-49, 961 
D141-48, 1268 
D 146-59, 1020 
D147-41, 1010 
1)165-42, 988 
D167-24, 1265 
D189-61, 1993 
D228-57T, 1028 
D243-36, 976 
D244-60, 1042 
D244-61T, 1042 
1)255-61, 1038 
D271-58, 1145 
D285-54T, 1938 
D287-55, 1926 
D291-60, 1238 
D292-29, 1274 
D293-50, 1272 
D294-50, 1271 
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ASA Methods (Cont) 

No Zll 44 1958, 1953 
No 711 48 1961,2009 
No Zll 34-1960, 1998 
No Zil 59 1958, 1985 
No Zll 84 1955, 1930 
No 711 110 1961,2012 
Amides, carboxylic, determination of, 470-3 
Amines, 

detu mutation of, 488-92 
titration of nonaqueous, 278-9, 280, 281 
p Aminoacetophone, precipitant for palla- 
dium, 1 10 
Amino acids, 
detection of, 

by papei chromatography, 924, 929-32 
optical isomeis, 933 
deteimination of, 920 
ammo groups, 924 
colorimetric methods, 945-50 
by column chromatography, 937-45 
gas chromatographic methods, 950 
miciobiological methods 950 
with ninhydim, 923 
by papei chromatogiaphy, 933-6 
in blood, 1077 
m plasma, 1077 
in serum, 1077 
in urine, 1077 

titration of, nonaqueous, 279 
p Aminobenzoic acid, 2383 
determination of, 
colorimetric method, 2384 
coloiimetnc method fot untie samples, 
2384 

titiation method, 2383 

Amino group, pnmaiy, miciodetei initiation 
of, 412 

Amino resins in paint, 1630, 1663 
3 Amino-1,2,4 tnazole in heibicides 1848 
Ammonia Sie also Ammonium H)droxidc 
and Aqua Ammonia 
commcicial foims of, 598 
determination of, 
in air, 636 

in aqua ammonia, 598 
m gas analysis, 1553 
in plasma, 1078 
in seium, 1078 
in soils, 2316, 2327 
test for, 54 

Ammonia nitiogen, deteimination of, 
in uatei, 2449 

permanent coloi slandauls, 2152 
Ammonium acetate extiaction of soils, 2325 
Ammonium hydioxide See also Ammonia 
and Aqua Ammonia 
concentration of, table, 650 
Ammonium ion, 
piccipitants for, 102, 133 
test for, 54 


Vmmonium liitiate, 
analysis for, 

acidit) oi alkaliini), 1312 

chlonde, 1312 

ethei soluble material, 1311 

moisture, 1311 

mtute, 1312 

sulfated ash, 1313 

natei insoluble matenal, 1311 

by foimaldehydc method, 1313 

b) nitiometei method, 1313 

in d)tiamitcs, 1358 

in propellants, 

b) fen ous leduction method, 1407 
b) foimaklchydc method, 1406 
b) kjeldahl method, 1406 
by filiation nonaqueous, 1406 
Ammonium pcichlorate, 
analysis foi 
acidity 1314 
bi ornate, 131 1 
chlorate 1314 
chlonde, 1314 

ethei soluble matenal, 1315 
moistuie, 1313 
sulfated ash 1315 
miter insoluble material, 1315 
deteimination of, 

by sodium carbonate fusion, 1315 
in propellants, 

by formaldehyde method, 1406 
by Kjeldahl method, 1406 
Ammonium salts, deteimination of, ill nitnc 
acid, 564 

Ammonal, test for, 1349 
Amylase, determination of, 
in duodenal contents, 1079 
in seium, 1079 
in mine, 1079 
Anabaena, in uatei, 2521 
Analytical dcteiminations, 
accuiacy of, 320-2 
precision of, 318-20 
leproducibility of 318-20 
lounding data, 324 
loutine control of 324 
standaid dcuation of 322-4 
\nahtical gioups ditision of elements into, 
63 

Anciirine See Thiamine 
\nh\drides caiboxylic deteimination of, 
474 

\nihnc point of petioleum products, 1979 
Anionic surfactants in uatei, 2489 
Anions detection of, 59-62 
Anisotropy, 334 
Anthracite coal See also Coal 
Anthiacite coal, size of, 1235 
Anthranilic acid, precipitants for metals, 
110 

Anthraqumone reaction for bituminous 
substances, 1002 
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\utiknnck compound* in gasoline 2009 
Antimony 
analyst*, 696 
arsenic ‘X)j 
bismuth 914 
copper VO? 
iron *>10 
me lei 912 

detect ion of in rubber compounds. 2203 
drterminatiem of 
in be mug imtal 900 
in Ixm stilt jU glasses 2231 
m biasMS ami brotms 83b 839 
ill copper bast allots 
distilljliwn btumatt method 836 
nungimst copucipitadon nicihoel 
K3J 

in (tiroutiigsten 802 
in lead glasses 22 ■! 
in rublxr cumtxmtuls 2220 
in s Hta time glasses 2232 

.W f.'.'JJj.'JM JC.lti 

in tungsten inetal 802 
distill itu.n of 83b 
ptecipit mis for l()l 133 154 
se p nation of 205 
list fur >i 
\ntinu-m allms 
an <U sn 8'h> 
aist me 005 
bisnimfi 9)4 
"PI"' <H>7 
non 0|0 

nickel 012 

Autumns eltoiode for pH mcasurcmcni 
313 

Nmniu ns oxide in punt pigments lf>0'» 
Xnuniom pigments See Pigments 
Xnuinom sulbdr in piimits I3l>9 1370 


\nm 


id n 


fie te riiiiiialioii of in ssntbctic rubbers 

2183 

nsis for in rublirr compounds 2221 
\nii]«. Iljgra \ imnm See Nicotinic \cnl 
\ timer ubutic \itamm See \scorlnc Acid 

3iimir»ibrs \itamm See \iiamiu Y 
\l*I grains of {Kirolium ami petroleum 
pn -duets 19.6 
bsdrometers 1026 

Xpparaitis Srr aha nulitttlual f nocedures 

al-deiluhltii ow It '20-6 
adxitption tbromatogr-ipbs 217-8 
a/nilif pic flisiillation 1382 
bacniK l< gital examination of s*aier, 2507 
balances 3 
microcbeimeal 338 
btiruris gas 216 
calomel half cell 815 

cell for elcctiohsis with mercury cathode, 
cfircmutograpfiic separations 218 210 


M'pjtdtus (Com ) 

Combustion, 

for cailxm determination Col 
for caibon and hydrogen miao methui 
369 v 

for nitrogen, micro method 379 
for oxygen micio method 3'S 
forsutliir deteinunatiun SI] 
Crucibles amt dislies 18 
desiccators 19 
distillation 

for arsenic, 7 32 793 
for bourn 740 

Dean Stark apparatus for water in j* 
trote urn puKlucts 529 
for fluorine 393 
hjeldalil 172. 735.736 
for petroleum ciude 1939 
Spicer and Strickland micro nielli «J 
202 

for water in peiroleinn ami bilumiii m 
products J972 

dropping mercury electrode 903 
electrical 19 
furnaces inulllc 19 
beat lamps 19 
ovens 19 

Alcctrochromatography 223 221 
Meet rode position tiSl 811 
micro method 131 
‘lectirxles, platinum 869 
°lcctrol\sis at routrolkd |>oteiitia1 177 
tngler tistoximctit 9 j 8 
Audiometer 1307 
Mteiuig ciucihhs II 

Miration 

with filler stick 110 
with filter mix 30'* 
dame photometer (063 
fractional distillation 209 
at low nmpcramic 1526 
f(js analysis 

L 1 S Steel type gu analyss ajpautus 
1318 

sactiurn techniques to Chapter e-o 
\ acuum Ticlumjuts 
fps clinimatogriph), 22 j 
hold ware 19 
hydrometers 1950 
■on exchange 231 
Jones re eluctwr 776 
Jones leductor micio 121 
kjcldilil distilhm n micro inetl <d J- 
Katkc hot singe lor mtcroMopt 319 
laboratory glassware 13 
lab iratory. importance of 29 
•natiomctric 371 1085 
hit chained simple dniders for mh • 3 
Mihun type mercury cathode cell 
821 

biicrnchemical analysis 3*»3 361-5 
hucroseojrc arerssorn s 5f6 
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Apparatus (Cont.) 

Ostwald-type gas absorption apparatus, 
522 

Ostwald viscosimeter, 2062 
oxygen combustion flasks, 390, 391 
pH measurement, colorimetric, 300 
electrometric, 307 

paper chromatography, microscope, 347 
plastic ware, 19 
platinum ware, 18 
potentiometric titrations, 661 
quartz and silica ware, 18 
Reichcrt-Meissl-Polenske distillation ap- 
paratus, 1464 

sampling of liquids, 43, 44, 45, 47 
Saybolt viscosimeter, 1944 
sieves (ASTM), 1277 
silver ware, 19 

Spicer and Strickland apparatus for micro- 
distillation, 202 
steam distillation, micro, 428 
ihermoregulators, 508 
thermostats, 509 

Ubbelohde viscosimeter, 2086, 2104 
Van Slyke-Neill manometric for carbon 
dioxide, 1085 
\iscosimeter, 

Engler, 958 
Saybolt, 1944 
volumetric, 8 
water bath, micro, 430 
water determination, by distillation 
method, 1618, 1727 
weights, 3 

Aqua ammonia. See also Ammonia and 
Ammonium hydroxide, 
analysis for, 
ammonia, 598 
impurities, 600 
sulfate, 599 

specific gravity composition, tables of, 623, 
626 

Aramite, in pesticides, 1849 
Arginine, 
detection of, 929 

determination of, colorimetric, 945 
Argon, determination of, in gas analysis, 
1531 

Arsenate, test for, 59 

1849 


in antimony, 905 
in antimony alloys, 905 
in borosilicatc glasses, 2254 
in brasses and bronzes, 834, 836 
in copper-base alloys, 834 
distillation-bromate method, 834 
distillation-i odimetri c method, 836 


Arscnic als. in pest icides. 
ArsCTuTeTt^st for, 
yrsenic, 

detection of, 68 

f08 

determination of. 


Arsenic, determination of (Cont.) 
in bearing metal, 899 
in ferrotungsten, 797 
in hydrochloric acid, 568 
in iron and steel, 752 
in lead, 905 
in lead alloys, 905 
in lead glasses, 2251 
in nitric acid, 563 

in organic compounds, micro method, 
400 

in pesticides, 1849 
in tin, 905 

in soda-lime glasses, 2231 
in sulfuric acid, 546 
in tin alloys, 905 
in toxicology, 

Gutzeit method, 2129 
method of Ramberg and Sjostrom, 
2126 

in tungsten metal, 797 
in water, 2403 
distillation of, 834, 836 
apparatus, 834, 836 
precipitants for, 103, 133, 154 
separation of, 205 
test for, 55 

Arsonic acids, precipitants for metals, 111 
Asphalts. See also Bituminous substances. 

emulsified, examination of, 1042 
Ascorbic acid, 2384; see also Vitamin C 
determination of, 
in blood, 10S0, 2387 
in urine, 2387 
Ash, determination of, 
in black powder, 1285 
in coal and coke, 1 151 
in crude natural rubber, 2151 
in paper, 1806 
in paper pulp, 1766 
in petroleum oils, 1998 
in plastics, 2084, 2099 
in wood, 1738 
Asterionella in water, 2521 
Atropine, detection of. in toxicology, 2121 
Axcrophthol. See Vitamin A. 

Azeotropic distillation, 1382 

Azo compounds, determination of, 497-9 

Bacteria, 

coliform group, 2501, 2509 
confirmatory test, 2511 
presumptive test, 2510 
escherichia coli, 2501 
streptococci types, 2516 
Bacteriological examination of water 
2500 If. 

Balances, 
analytical, 4 
microchemical, 
double-pan, 359 
single-pan, 358 
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Balances, microchemical (Cont) 
use of, 359-60 
weights for, 360 
Barbiturates, 

detection of, in toxicology , 2122 
determination of, in toxicology, 

modified method of koppanyi et al , 

2130 

ultraviolet spectrophotometnc method, 

2131 

separation of mixtuies of, 2131 
Barium, 
detection of, 

in papei tiller and coating, 1815, 1816 
in mbber compounds 2203 
determination of, 
in borosilicate glasses 2252 
in clays and feldspars, 2263 
in lead glasses 2247 
in propellants, 1375 
in rubber compounds 2219 
precipitants foz, 103 133, 147, 134 
test lor 55, 76 

Barium carbonate, in rubber compounds, 
2220 

Barium hydroxide standaid solution of 
262 

Barium nitrate, determination of, in prim 
ers 1369 

Barium oxide determination of, in soda 
lime glass, 2230 

Barium sulfate detection of in paper filler 
and coating 1813 

Barium sulfate in paint pigments, 1692 
Base numbers of petroleum products, 1985 
Bases See also Alkalies 
analysis of, 
aqua ammonia 598 
modified sodas, 611 
potassium caibonate, 610 
potassium hvdroxide G07 
sodium bicarbonate 610 
sodium carbonate, 608 
sodium hydroxide 600 
super alkalies 611 
deteimmation of, 

ammonia in the atmosphere 636 
organic bases micro method 426 
specific gravity composition tables, 
aqua ammonia 623, G26 
sodium hvdroxide solutions, 624-5 
standard solutions of 260-2 
barium hydroxide 262 
sodium hydroxide, 260 
Basic acetate precipitation, 96 
Basic gioups, organic, determination of, 426 
Basicity See also Alkalinity 
Bearing metal, 
analysis for, 
antimony, 900 
arsenic, 899 
copper, 901 


Bearing metal, analysis for {Cont ) 
lead, 901 v ' 

zinc, 902 

Bellier test for peanut oil 1433 
Belro, 1801 

Benzene, determination of, m air, 641 
extraction of bituminous substances, 1012 
solubility test for bituminous substances 
989 

Benzene hexachlonde, gamma isomer, 
determination of, in pesticides, 
by partition chromatography, 1836 
total chlorine method, 1857 
Benzidine, precipitant for, 
sulfate, 112 
tungstate, 112 

a Benzildioxime, precipitant for 
nickel, 112 
palladium, 112 

Benzoguanamme formaldehyde, infrared ab 
sorption spectrum of, 1711 
Hettzoic acid, 
alkalimeinc standard, 261 
analysis of, 597 

calorimetric standard, 1179, 1286 
precipitant for metals, 112-3 
<* Benzoinoxime, precipitant for metals 113 
Benzotnazolc, precipitant for metals, J13 
Benzoyl peroxide, in plastics, 209! 

N Benzoylphcnylhydroxylamme, precipitant 
for metals, 1 14 
Beryllium, 
determination of, 

in copper beryllium alloys, 849 
in iron and steel, 743 
precipuatus for, 103, 133, 154 
test for, 55, 79 
Beryllium bronze, 867 
Besson test for kapok oil, 1433 
Beta carotene, see Vitamin A 
Beta cellulose, determination of 
m paper, 1819, 
in paper pulp 1751 
Beta pinene polymer, 1801 
Bicarbonate, determination of in sodium 
carbonate, COS 

Bicarbonate level of duodenal secretions 
1081 

Bilirubin, in serum, 1081 
Binder materials for paints, see Paints 
Biochemical oxygen demand (BOD) of 
water, 2458 

Biuret, in fertilizer, 1489 

Biological examination of water, 2519-41 

Biotin, 2379 

Bismuth, determination of, 
in antimony, 914 
in antimony alloys, 914 
in lead, 914 
in lead alloys, 914 
in tin, 914 
in tin alloys, 914 
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Bismuth (Com.) 

prccipitants for, 103, 134, 155 
test for, 55, 70, 74 

Bismuthiol, precipitant for metals, 114-5 
Bisphcnol type epoxide, infrared absorption 
spectrum of, 1715 
Bituminous coal. See also Coal, 
cubic foot weight of, 1238 
si ere analysis of, 1236 
Bituminous-solvent compositions, 1038 
Bituminous substances, 

accelerated weathering test for, 1010 
asphalt content of by penetration test, 976 
bituminous dispersions, examination of, 
cement mixing, 1049 
coating test, 1049 
consistency test, 1046 
demulsibility, 1047 
freezing test, 1051 
miscibility with water, 1050 
residue, 1052 

residue by distillation, 1044 
residue by evaporation, 1046 
settlement test, 1048 
sieve test, 1049 
stability test, 1047 
viscosity, 1046 
water content, 1042 
bituminous-solvent compositions, 
base, analysis of, 1041 
base, recotcry of, 1040 
pigment and filler, 1040 
separation into component parts, 1038 
tests of finished product, 1038 
carbencs. 987 

characteiistics of (table), 954-5 
chemical tests, 

antlnaqui none reaction, 1002 
diazo teaction, 1001 
saponifiable constituents, 1000 
solid paiaffins, 952 
sulfonation icsidue, 997 
water, determination of, 994, 1972 
coal-tar enamel, test for, 1010 
combined with discrete aggregate, 
physical tests for, 

cohesion with Hxeem appatatus, 1009 
comptessire stiength, 1010 
resistance to defoimation with Hvecm 
apparatus, 1009 

resistance to plastic flow, 1004, 1009 
soil-bituminous mixtures, 1009 
separation of bituminous matter and 
aggregate, 

centiifugal extraction method, 1015 
hot extraction with benzene, 1012 
hot extraction with carbon disulfide, 
1010 

distillation test, 

for asphaltic and coal-tar pitch, 979 
for cut-back asphaltic products, 982 
for road oils. 979 


Bituminous substances (Cont.) 
ductility test for, 966 
examination of, 951 
fabiics, 

cap sheets, 1028 
construction of, table, 1019 
determination of, 
ash, 1027 
moistuie, 1022 
pliability of, 1024 
strength of, 1022 
thickness of, 1027 
thread count, 1027 
examination of, 1019-37 
desatuiated felt ot fabric, 1025 
loss on heating, 1025 
roll tooling, 1028 
sampling of, 1020 
shingles, 1028 

fixed carbon, deteimination of, 978 
flash point of, 

Cleveland open-cup method, 978 
Pcnsky -Martens method, 978 
Tag method, 978 
fracture test foi , 953 
“ftee cat bon,’’ 989 
fusing point of, 
cube-in-air method, 972 
cubc-in-water method, 970 
Ktaemer and Sarnow method, 974 
ring-and-ball method, 968 
heat tests. See Fusing point and Soften- 
ing point. 

methods of testing, table, 952 
penetration test foi, 963, 976 
physical characteristic of, 952-966 
residue of specified penetration, 976 
softening point of, 
cube-in-aii method, 972 
cubc-in-watei method, 970 
Ktaemer and Sarnow method, 974 
ting-and-ball method, 968 
solubility tests, 
by anthracene, 994 
by benzene, 989-991 
by carbencs, 952, 987 
by carbon disulfide, 984 
by cat bon tetrachloride, 988 
by petioleum naphtha, 988 
by quinoline, 993 
by toluene, 993 
specific gravity of, 

displacement method, 956 
. hydiometer method, 953 
Pycnometer method, 953 
streak test for, 953 
table of, 954-5 

thermal tests, 952, 968, 974, 978, 979 
viscosity of, 

Engler method, 957 
float test, 961 
Saybolt method, 957 
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Bituminous substances (Cont) 

\olatilc matter determination of 974 
R minimized fabrics See Bituminous sub 
stances 

Black pigments See Pigments 
1 lack ponder 
analysts for 
ash 128a 
charcoal 128a 
moisture 1285 
nitrates 128 a 
sulfur 128a 
sampling of 128a 
test for 1349 

Blast furnace slags See Ferrous slags 
Blasting caps anaUsis of 136a 
Bias Burkhart! weighing buret 539 
Blood 
anah sis for 
amino acids 1077 
ascot bicaad 1080 
carotenes 2344 
fibrinogen 1093 
glucose 1094 

hydrogen ion concentration (pH) 1110 
hemoglobin 1098 
methemoglobin 1108 
nitrogen total nonprotem 1109 
saliolate 1119 
A itamin A 2344 
Blue pigments See Pigments 
Brown pigments See Pigments 
BOD See Biochemical Oxvgen Demand 
Bomer \ahie for tnsteann fats 1435 
Bone black pigment 1701 
Borate 

determination of in soaps and detergents 
2307 

precipitant for 137 
test for 59 

Borax as acnlimetric standard 2a8 
Boric acid determination of in toxicology 
2131 

Boron 

determination of 
availability tn sorts 2336 
m borosilicate glasses 2255 
in ferroboron 77o 
in ferrous allots 22 0 227o 
in iron and steel 739 
in nitric acid 563 
m soils 2323 
in water 

carmine colorimetric method 2406 
potentiometnc method 240o 
separation of 202-3 
Borosilicate glasses See Glasses 
Brasses See also Brasses and Bronzes 
composition of 866-7 

Brasses and bronzes See also Copper base 
alto) s 


Brasses and bronzes (Cont ) 
analjsis for 
aluminum 824 
antimony 

distillation lodometric method 836 
manganese coprecipitation method 
839 
arsenic 

distillation bromate (Moffat) method 
834 

distillation lodometric method 836 
chromium 844 
copper 814 
iron 827 
lead 

electrolytic method 814 
by sulfate method 818 
manganese 

bismuthate method 829 
bromate method 831 
persulfate method 830 
nickel 826 
phosphorus 832 8a3 
silicon 

perchloric acid dch)dration method 
823 

sulfuric and dehydration method 823 
sulfur 

direct combustion lodate method 810 
evolution method 842 
tin 

lodometric titration 818 
manganese coprecipitation method 
839 

zinc 

ferrocyamde method 821 
oxide method 821 
Brazing solder 867 
Break test for soybean oil 142a 
Brilliant green lactose bile broth 2al0 
Bromate 

determination of in ammonium perchlo 
rate 1314 

standard solution of 277 
test for 59 
titrations with 277 
Bromide determination of 
in serum 1082 
in spinal fluid 1082 
precipitant for 137 
test for 60 
Bromine 

determination of in organic compound) 
389 396 

micro method, 389 396 
sodium biphenyl method 1862 
test for 60 

p Bromomandelic acid precipitant for zir 
comum 115 

Bronzes See also Brasses and bronzes 
composition of 866-7 
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Broths for bacteriological examination of 
water, 

brilliant green lactose bile broth, 2510 
lactose broth, 2510 

Buffer solutions, 284—87, 294, 939, 2463 
Burets, 12, 13, 536 

Burning-strand propellant rate, 1299 
Butadiene rubber, identification of by in- 
frared spectiometry, 2037 
Butteifat, piopetties of, 1432 
p-lei t-Butylatcdphenol foimaldehyde, infra- 
red absorption spectrum of, 1713 
Butyl benzyl phthalate, infraied absorption 
spectrum of, 1720 

p-n-Butylphcnylarsonic acid, piecipitant for 
iion, 112 

Butyric acid, in fats, 1464 
Butyro-iefractometer readings, 1448 

Cadmium, 

determination of, in water, 2407 
piecipitants for, 103, 121, 132, 134, 155 
lest for, 55, 74 

Cadmium lithopone pigment, 1700 
Caffeine, detection of, in toxicology, 2122 
Calciferol. See Vitamin D. 

Calcium, 

determination of, 
in borosilicate glasses, 2253 
in ceiebiospinal fluid, 1083 
in clays and feldspais, 2263 
in dynamite, 1360 
in feces, 1083 

in ferrous slags, 2266, 2271 
in lead glasses, 2249 
in limestone, micro method, 430 
in propellants, 

by EDTA titration, 1376 
by flame photometer method, 1376 
morpholine method, 1375 
in quart/ sand, 2260 
in scium, 1083 

in soda-lime glasses, 2233, 2236 
in sodium hydtoxide, 605 
in soils, 2321,2326 
in urine, 1083 
in water, 

complexomctric method, 2412 
oxalate methods, 2410 
piecipitants for, 103, 134, 147, 155 
test for, 55, 76 

Calcium arsenate, in pesticides, 1852 
Calcium cyanide, in pesticides, 1858 
Calcium oxide, 
determination of, 

in Portland cement, 1058, 1069, 1072 
in rubber compounds, 2217 
Calcium oxide, free, in Portland cement and 
clinker, 1069 

Calcium pantothenate, 2375, 2376 


2555 

Calcium sulfate, detection of, in paper fil- 
ler and coating, 1813, 1815 
Calculations; see also indiiidual piocedures 
used in Titrimetric analysis 
for explosives, 1304 
Calomel reference electrode, 310 
Capillary leak for gas analysis, 1575 
Cap sheets. See Bituminous substances. 
Captan, in pesticides, 1858 
Carbcnes, 987 

Carbides, in magnesium metal, 1321 
Carbolic acid. See Phenol. 

Carbon, 

determination of, 

in coal and coke, 1160 
in ferrochromium, 784 
in ferromanganese, 773 
in ferromolybdenum, 805 
in ferrosilicon, 765 
in fenotitanium, 811 
in ferrotungsten, 792 
in ferrovanadium, 786 
in iron and steel, 654-9 
in manganese-silicon, 773 
in metals, 

combustion-conductometric method, 
1612 

low pressure combustion method, 
1608 

by vacuum techniques, 1607, 1612 
by vacuum fusion technique, 1580 
in nickel-copper alloys, 890 
in organic compounds, micro method, 
366-73, 373-7 

in rubber compounds, 2223 
in silicomanganese, 773 
in tungsten metal, 792 
Carbonate, 
detection of, 

in paper fillet and coatings, 1813 
in rubber compounds, 2203 
determination of, 

in cement raw materials. 1074 
in magnesium oxide, 1323 
in paint pigments, 1696 
in sodium hydroxide, 602 
in soils, 2314 
test for, 60 
Carbon black, 

detection of, in rubber compounds, 2203 
determination of, 
in plastics, 2085 
in propellants, 
gravimetric method, 1378 
photometric method, 1377 
Carbon black pigment, 1700 
Carbon dioxide, absorbants for, in tfas 
analysis, 1514 
determination of, 
in coal, 1187 

gravimetric method, 1188 
pressometric method, 1191 
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Carbon dioxide, determination of (Cont ) 
in flue and furnace gases, 1517 
in gas analysis, 1520 
in metals gas analysis 1565 
in plasma, 1085 
in serum 1085 
in water 2413 
Carbon disulfide 

extraction of bituminous substances, 1010 
solubility test for bituminous substances, 
984 

test for bituminous substances, 984 
Carbon monoxide, 
absorbents, for in gas analysis, 1515 
acid cuprous chloride, 1516 
cuprous sulfate beta naphthol solution, 
1516 

detection of, in toxicology, 2109 
determination of 
in air, 639 

in flue and furnace gases 1517 
in gas analysis, 1522, 1557 1565 
colorimetric method, 1561 
Hoolamite iodine pentoxide indica 
tor, 1561 

instruments for 1562 
lodimetnc method, 1559 
in toxicology 2132 
symptoms of exposure, 1558 
toxicity of, 1557 
Carbon organic, in soil 2314 
Carbon tetrachloride solubility test for, 
in bituminous substances, 988 
Carbonyl, 
compounds, 

determination of 462-75 
colorimetric method 466 
gravimetric method, 465 
titnmctnc method, 462 463, 465 
group microdetermination of, 409 
Carborundum determination of in primers 
1369 

Carboxyl group, microdetermmation of, 
404 

Carboxylic acids See also Fatty acids 
determination of 468 
titration of. nonaqueous 281-2 
Carotenes See also Vitamin A 
determination of, 
in blood, 2344 
in serum 1131 
Cartridge brass, 866 
Casein, detection of, in paper, 1808 
Cast iron, analysis of, 645 
Castor oil, 1432, 1645, 1712 
Castor oil, dehydrated infrared absorption 
spectrum of 1712 
Catecholamines, in urine, 1086 
Cations, detection of, 53-9 
Cation exchange capacity of soils, 2325, 
2327 

Cells, 168 


Cellulose, 
determination of, 
in paper pulp, 1745 
in rubber compounds 2224 
m wood, 1739 
Cellulose acetate, 

determination of, m propellants, 1379 
identification of, by infrared spectrora 
etry, 2010 * 

infrared absorption spectrum of 1716 
2040 

Cellulose acetate butyrate, infrared absorp 
tion spectrum of, 1717 e 

Cellulose esters See also individual Esteis 
analysis of, 2098 

detection of in paints, 1630, 1633. 1635 
determination of, in lacquers, 1674 
Cellulose ethers, identification of, by infra 
red spectrometry, 2011 
Cellulose nitrate See Nitrocellulose 
tn lacquers and paint, 1670 
infrared absorption spectrum of, 1716 
Cellulose nitrate, phthalate ester plasticized 
infrared absorption spectrum of 

Cellulose nitrate lacquer See Lacquers, 
Cellulose Nitrate 
Cellulosics See Cellulose esters 
Cement, 

Portland cement, 
analysis 1053 

alkali water soluble 1067 
aluminum oxide, 1058 
ammonium hydroxide gioup 1056 
calcium oxide 1058 
calcium oxide optional method 1072 
calcium oxide free, 1069 
calcium oxide, free, in clinker 1069 
chloroform insoluble organic sub 
stances, 1067 
ferric oxide, 1057 
insoluble residue, 1068 
loss on ignition 1063 
magnesium oxide 1059 
magnesium oxide, optional method 
1073 

manganic oxide, IG67 
optional methods 1071 
permissible variation in results, 1054 
phosphorus pentoxide, 1067 
potassium oxide, 1063 
referee methods, 1054 
silicon dioxide, 1055 
silicon dioxide, optional method, 1071 
sodium oxide, 1063 
standard methods, 1054 
sulfide, 1060 
sulfur trioxide, 1060 
raw materials, 1075 
analysis, 1075 
carbonates, 1074 
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Cement, Portland, raw materials, analysis 
(Cont.) 

potassium oxide, 1076 
sodium oxide, 1076 
sampling of, 1053 

Centrifugal extraction method for separa- 
tion of bituminous substances, 1015 
Centrifugation, 88 

Cerebrospinal fluid, determination of, in 
calcium, 1083 

Cercsan, in pesticides, 1859 
Cerium, determination of, 
in iron and steel, 

oxidation-reduction titration, 750 
photometric method, 751 
in lead glasses, 2249 
precipitants for, 103, 134 
test for, 55, 82 
Cerium(IV), 

standard solution of, 272 
titrations with, 272 
Cesium, test for, 55, 78 
precipitants for, 104, 134 
Chamber buret, 536 
Charcoal, in black powder, 1285 
Chemical microscopy. See Microscopy. 
Chicken fat, properties of, 1432 
Chlorate, 

determination of, 

in ammonium perchlorate, 1314 
in dynamites, 1358 
in sodium hydroxide, 603 
test for, 60 
in dynamites, 1358 

Chloral, detection of, in toxicology, 2114 
Chloranilic acid, precipitant for metals, 1 15 
Chloride, 

determination of, 

Fajan’s method, 264 
mercurimctric method, 265 
micro method, 438 
Mohr method, 263, 264 
Volhard method, 264 
in ammonium nitrate, 1312 
in ammonium perchlorate, 1314 
in dynamites, 1358 
in fluoboric acid, 576 
in hydrogen peroxide, 1320 
in lead glasses, 2251 
in nitroguanidine, 1336 
in plastics, 2070, 2102 
in scrum, 1087 

in soda-lime glasses, 2235, 2239 
in soaps and detergents, 2303 
in sodium hydroxide, 602 
in spinal fluid, 1087 
in urine, 1087 
in water, 2414 
precipitants for, 137 
test for, 60 

Chlorinated rubber, detection of, 1634, 1639 


Chlorine, 

determination of, 
in coal, 1203 

bomb-combustion method, 1204 
incineration with Eschka mixture, 
1207 

in CR rubbers, 2174 
in hydrochloric acid, 569 
in nitric acid, 563 
in organic compounds, 
micro method, 389, 396 
sodium biphenyl method, 1862 
in pesticides, I860 
in plastics, 2072 

detection of, in polvmers and resins, 
1633 
test for, 60 
Chlorine, residual, 

determination of, in water, 

amperometric method, 2419 
iodometric method, 2415 
or/hotolidine-arsenite (OTA) method, 
2416 

permanent color standards, 2418 
Chlorine-containing polymers, determina- 
tion of, in rubber compounds, 2193 
Chlorine consumption of pulp, 1747 
Chlorine demand of water, 2422 
4-Chloro-4'-aminodiphenyl, 
as precipitant, 115 
Chlorobenzilate, in pesticides, 1860 
Chloroform, detection of, in toxicology, 2114 
extraction of, 
poisons, 2115 

of rubber and rubber products, 2205 
p-Chloromandelic acid, precipitant for zir- 
conium, 116 

Chlorophenyl dimethyl compound. See 
Monuron. 

3-(/>-ChIorophenyI)-l,l-dimethylurea. See 
CMU. 

Chlorosulfonic acid, analysis of, 571-4 
Chlorthion, in pesticides, 1863 
Cholesterol, free and total, in serum, 1088 
Choline, 2376 
determination of, 
periodide method, 2378 
Reincckate method for complex mix- 
tures and liver preparations, 2378 
Reincckate method for pure materials 
2377 

tissue, liver homogenates, and other 
biological samples, 2378 
salts of, 2376 
Chromatography, 212-28 
adsorbents, hydrophilic, 217 
adsorbent-solvent system, 220 
adsorption chromatography. 216-9 
apparatus, 218, 221, 240, 925 
application to chemical analysis, 215-6 
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Chromatography (Cont) 

column chromatograph) for separation of 
amino icids 937 

for detcrnumiion of butyric acid in 
fats HGj 

columns opcntion of 213—' > 
ilcctrochromatogriphy 222-23 
elution chiomatograph) 239 
gas chroniatogr iph) 22 j-8 
for dtuh sis of gases 1531 
for de itimmmnn of {my acids m dry 
mg oils 1G17 

for chanclenzition of plastics 2011 
20 8 

for microscopic ixmimitions 316 
piper chromatognphv 221-2 
of amino acids 222 924 933 
for scpintion and «!« te. munition of 
amino icids 923 933 
partition chiomaiogiapM 219-20 
Chionnic test for 60 
Chrome pigments 1698 1699 
< hroimum 
deterimnition of 
in brasses nml bronzes 811 
in dais and feldspars 226-1 
in coppci base allots Bit 
m ferrochromuim 781 
in ferrous slags 2273 
in iron and steel 699-702 
\\\ *w,V\ Uwe 2241 

1 1 water 2423 
piecipitants for 101 131 
s p nation of 20 > 
test for n 56 78 
Chtomitim oxide pigment 1099 
Chnsanthenmm monocarboxyhc acid and 
dematnes See Mlcthnn 
Citric acid nnalisis of 590 
Classificalion of coal bi rank 12al 
Cla>s anahsisof 2261 
Class and feldspars 
analysts foi 

alkalies (\a O + kO) total 2261 

aluminum 2263 

barium 2263 

calcium 2263 

chromium 2261 

ignition loss 22G2 

iron 2262 

magnesium 2264 

manganese 2264 

moisture 2262 

total R->0 3 ( \1 2 0 3 Te 0 3 TiOo ZrOo) 
2262 

silicon 2262 
titamuir 2263 
zirconium 2263 

Cle\ eland open cup 1918 1920 
Clinker Portland cement determination of 
free lime in 1069 


Cloml point 
of fats 1446 

of petroleum and petroleum products 
1963 

C methyl group dctcrim nation of 427 

f 'tU in pesticides 1863 

Coil 

analysis for 1137 
ash 1151 
carbon 1100 
Carlson fixed 1155 
carbon dioxide 1187 
grawmeme method 1188 
pressomttric method 1191 
chlorine 1203 

bomb combustion method 1201 
incincruinn with Tsthka mixture 
1207 

elrnp shatter test 1222 
equilibrium moisture 1208 
free swelling index 1232 
fusibility of ash 
apparatus 1172 
fused eoncs 1170 
grmdabihtv 1219 
hulrogcn 1160 
liulex of dustiness 1242 
iron 1200 
moisture 1150 
nitrogen 1163 
trvygen \\b% 
phosphorus in ash 1159 
plastic properties by Ciescler plastom 
ctcr 12IG 

screen anahsis 1231 
sulfur 

by bomb washing method 1158 
by Esclika method 1155 

by sodium peroxide method lb8 

sulfur in ash 1202 
sulfur forms of 1194 
sulfur organic 1201 
sulfur pyntic 1199 1200 
sulfur sulfate 1198 
tumbler test 1226 


solatile matter 1132 
smoke ordinances 1218 
anthracite size of 1233 
bituminous 


cubic foot weight of 1238 
sie\c analysis of 1236 
calculation of analysis to dry basis 1168 
classification by rank 12a4 
Compacted cubic foot weight of by 
dropped coal procedure 1240 
designation of size from screen analysis 


gross calorific ralue b> ailiabsiic bomb 
calorimeter 1177-86 
permissible eanationS in results of anaiy 


sis 1171 
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Coal (Cont.) 
sampling of, 1137 
commercial procedure, 1139 
deterioration of samples, 1170 
laboratory samples, preparation of, 1145 
moisture sample, special, 1144 
moisture sample, standaid, 1142 
moisture sample, total, 1142 
principles of, 1137 
procedures for, 1138, 1139 
reduction of gross sample, 1141 
special purpose procedure, 1140 
for volatile matter determination, 1218 
terms relating to, 1275 
Coal-tar. See Bituminous substances. 
Coal-tar enamels, test for, 1010 
Coatings, paper. See Paper. 

Cobalt, determination of, 
in iion and steel, 715 
in nickel-copper alloys, 

a/p/ia-nitioso-betn-naphthol, method, 

883 

nitroso-R salt photometric method, 

884 

in soda-lime glasses, 2242 
in soils, 2324 
in stainless steel, 716-8 
precipitants for, 104, 134, 148, 155 
test for, 56, 81 

Cocaine, detection of in toxicology, 2121 
Coconut oil, 1432, 1645, 2289 
Codeine, detection of, in toxicology, 2121 
Cocnzymc R. See Biotin. 

Cohesion of bituminous substances, test for, 
1009 

Coke. See also Coal, 
analysis, 1137 
ash, 1151 

carbon, 1155, 1160 
cubic foot weight, 1274 
drop shatter test, 1268 
index of dustiness, 1242 
hydrogen, 1160 
moisture, 1150 
nitrogen, 1165 
oxygen, 1168 
phosphorus in ash, 1159 
sie\e analysis, 1272 
specific gravity, 1265, 1267 
sulfur, 

by bomb washing method, 1158 
by Eschka method, 1155 
by sodium peroxide method, 1158 
tumbler test, 1271 
volatile matter, 1152 
volume of cell space, 1265 
gross calorific value by adiabatic bomb 
calorimeter, 1177-86 
permissible differences in results of 
analysis, 1171 
sampling of, 1137, 1260 
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Coke, analysis, sampling of (Cont.) 
commercial ptocedure, 1139 
laboratory samples, preparation of, 
1145 

for moisture, special, 1144 
for moisture, standaid, 1142 
for moisture, total, 1142 
principles of, 1137 
reduction of gioss sample, 1141 
special purpose procedure, 1140 
teims l elating to, 1275 
Coke oven gas. See also Gas Analysis. 

analysis for nitrogen compounds, 1553 
Cold test for fats, 1447 
Coliform group of bacteria, 2501, 2509 
Color of water, 2424 
Combustion, 

apparatus. See also individual pioce- 
duies. 

for carbon determination, 764 
for carbon and hydrogen determina- 
tion, micro method, 369 
for nitrogen determination, micro 
method, 366-7 

for sulfur determination, 680, 841 
oxygen combustion flasks, 390, 391 
method for, 

carbon, 654, 765, 786, 792, 811, 890, 
1160, 1608, 2085, 2314 
carbon, micro method, 366 
bromine, micro method, 389 
chlorine, 1204 

chlorine, micio method, 389 
gas analysis, complete, 1517 
hydrogen, 1160 
hydrogen, micro method, 366 
iodine, micro method, 389 
mercury, micro method, 403 
nitiogen, micio method, 377 
oxygen, micro method, 387 
sulfur, 369, 679, 840, 893, 1544, 2012, 
2019, 2031 

Comparators, color, for pH determination, 
Dalite slide, 303 
Hellige, 305 
Long Range, 302 
Roulette, 304 
Taylor, 301 

Complcximetric titrations, 266-9 
Composite piopeliants. See Piopellants. 
Composition A-3, test for, 1347 
Composition B, test for, 1347 
Composition C-3, test for, 1349 
Compressive strength, of bituminous sub- 
stances, 1010 

Congeal point of fats, 1444 
Conradson carbon residue of petroleum 
products, 1993 
Copper, analysis for, 
iron, 856 
nickel, 851 
phosphorus, 853 
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Copper anal) sis for (Cont) 
silicon 860 

determination of 
in aluminum metal 

colorimetric method 1309 
electrodeposition method 1309 
in antimony 907 
m antimony allays 907 
in brasses and bronzes 814 86 j 
in bearing metal 901 
m copper metal 1090 
in copper base alloys 
electrolytic method 814 
electrolytic routine method 86a 
in copper beryllium alloys 848 
in copper tellurium alloys 846 
in fats 1422 

in fcrromolybdcnum 807 
in ferrotungsten 
electrolytic method 799 
iodide method 798 
in fluoboric acid 576 
in German silver micro method 433 
in iron and steel 
electrolytic method 68o-7 
gravimetric method 68a-7 
neocupioine method 689-91 
thiosulfate iodide method 688 
in lead 907 
in lead alloys 907 
in nickel copper allots 
electrolytic method perchloric acid 
880 

electrolttic method sulfuric acid 881 
in Paris green 18aa 
rubber crude natural 2Io2 
in serum 1090 
in soda lime glasses 2213 
in soils 2324 

in sodium hydroxide 604 
in sulfuric acid 551 
in tin 907 
in tin alloys 907 
in tungsten metal 
pJrmnfyJir .wJb.w.' 739 
iodide method 798 
m water 2426 

in zme base die casting alloys 918 
electrode position of micro method 43o 
prccipitants for 101 129 131 155 
test for 56 
Copper base alloys 
jnaltsis for 813 
aluminum 

gravimetric method 821 
routine rapid method 875 
antimony 

distillation bromate method 836 
manganese copieci pita lion method 
839 

arsenic 836 
chromium 814 


Copper base alloys analysis for (Cont) 
copper ' 

electrolyticmethod 814 
routine rapid method by electrolysis, 
865 

iron 

dichromate method 827 
routine rapid method photometric. 
872 

thiocyanate method 8a6 
lead 

electrolytic method 811 81? 
routine rapid method by electrolysis, 

sulfate method 818 
manganese 

bismuthatc method 829 
bromate method 831 
periodate method 859 
persulfate method 830 
routine rapid method 874 
nickel 

dimethylglyoxime method 826 
dimethylglyoxime photometric 
method 851 

routine rapid method photometric 
871 

phosphorus 

alkalimetnc method 832 
distillation bromate method 834 
silicon 

molybdosilicic acid method 860 
perchloric acid method 823 
sulfuric acid method 823 
sulfur 

direct combustion lodate method 810 
evolution method 842 
tin 

lodimetnc method 818 
manganese coprecipitation method 
839 

routine rapid method 861 877 
zinc 

ferrocyamde method 821 2 
oxide method SZi-S 
rapid analysis of 864-79 
Copper beryllium alloys 
analysis for 
beryllium 

gTav lmctnc method 849 
aluminon photometric method 819 
copper 818 

Copper tellurium alloys 
analysis for 
copper 846 
tellurium 847 
Copper number 
ot paper and paperboard 1828 
of paper pulp 1772 . 

Copper strip corrosion by petroleum p fwJ 
ucts 1999 
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Copper sulfate, 

control of growths of plankton in water, 
2539 

effects on fish life, 2539 
Com oil, properties of, 1432 
Cottonseed oil, test for, 1432 
Crankcase oils, dilution of, 2016 
Creatine, 

determination of, 
in plasma, 1091 
in serum, 1091 
in urine, 1091 
Creatinine, 

determination of, 
in plasma, 1091 
in scrum, 1091 
in urine, 1091 

Cresols, detection of, in toxicology, 2114 
m-Cresoxyacetic acid, precipitant for metals, 
116 

CR synthetic rubbers, analysis of, 2174 
Crucibles, 18 
fdtering, 14 
Munroe, 18 
porous platinum, 18 
porous porcelain, 16 
sintcred-glass, 14 
sintered nickel, 18 
sintcrcd-quartz, 16 
sinteicd stainless steel, 18 
Crude rubber. See Rubber, crude. 

Cryolite, in pesticides, 1864 
Crystals, 

optical properties of, 332 
anisotropy, 334 
isotropy, 334 

refractive index, 332. 334-8, 344, 355 
forms. 331 
geometry , 330-2 
habit. 331,333 

Crystallization, for microscopic examina- 
tion, 347 

Cube, in pesticides, 1864 
Cubc-in-air method, for bituminous sub- 
stances, 972 

Cubc-in-water method, for bituminous sub- 
stances, 970 
Cubic foot weight, 
of coke, 1274 

compacted, dropped-coal procedure, 1240 
of crushed bituminous coal, 1238 
Culture media. See Bacteriological Exam- 
ination of Water. 

Cupfcrron, 

extractant for metals, 188, 195 
piecipitant for metals, 116-7 
Cuprammonium disperse viscosity of pulp, 
1756 

Cupricthylenediaminc disperse viscosity of 
pulp, 1780 

Cupron. See a-Bcnzoinoxime. 


Cyanide, 

detection of, 

in toxicology, 2107, 2111 
determination of, 
in pesticides, 1858, 1903 
in toxicology, 2135 
in water, 2427 
precipitant for, 137 
test for, 60 

Cyanocobalamin. See Vitamin B 12 . 
Cyanogen, determination of, in gas analysis, 
1554 

1 .2- Cycloheptanedionedioxime, 
precipitant for, 

nickel, 117 
palladium, 117 

1 .2- Cyclohexanedionedioxime, 
precipitant for, 

nickel, 117-8 
palladium, 117-8 

Cyclonite. See Cyclotrimethylenetrinitra- 
mine. 

Cyclotrimethylenetrinitramine, in propel- 
lants, 1381 

Cystine, 

detection of, 929 
determination of, 947 

2,4-D in pesticides, 1864 
Dalite slide comparator, for pH determina- 
tion, 303 

DDNP. See Diazodinitrophenol. 

DDT, 

determination of, 
in aerosol insecticides, 1844 
in insecticides powders, 1865 
in pcsticidal dusts, 1865 
in pesticides, 1866 

Definitions, terms relating to coal and coke, 
1275 

DEGDN. See Diethyleneglycol dinitrate. 

Dely weighing tube, 537 

Demasking, 151, 163-5 

Demeton, in pesticides, 1866 

Deniges test for acetone, 2113 

Density, 

determination of, 
plastics, 2080 
soils, 2312 

Denis, in pesticides, 1866 
Desiccators, 19 
microchemical, 365 
Detection, 
of anions, 59-62 
of cations, 53-9 
of elements, 53-62, 64-83 
Detonators, electric, analysis of, 1365 
Detergents, see also Soaps and Detergents 
alkaline, analysis of, 61 2 
anionic, determination of, 2285 
cationic, determination of, 2285 
synthetic, 
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Detergents synthetic (Coni) 
analysis lor 

combined alcohols, 2293 
ester b0 3 2296 
total combined S0 3 2299 
unsulfonatcd and unsulfatcd mate- 
rial 2293 

determination of in stater, 
carbon idsorpt ion method, 2190 
methylene blue colorimetric method, 
2189 

1 > Diaminntholanc precipitant for sul 

fait 118 

Dijstast See \mylase 
Dunnnn in pesticides 1866 
Dij/odinurophtno! test for, 1316 
l)i iron 1 11 in silts determination of, 493-7 
Uiatu reaction (or bituminous substances. 
1001 

3 7 Dibromo 8 hulroxyqumolmc precipi 
I nit for metals, 118 

2 6 Oi fert Inittl p crtsol in plastics, 2067, 

2084 

DihuttloxalJtc dclcrmination of, in inda 
lone or G 2 2 repcllant mixture, 
1866 

Dihutyl nhthalaie See Phlhalatc esters 
Dicttospliaerium in inter 2523 
Dutdim 

determination of in pesticides 

bs partition chrom iiography 1867 
nnal chlorine method 1868 
Die lie \ line foi fats 1411 
Die thsldithiocai Inmate, extractant for 
melds 187 191 

Diithelene glscol dmitratc test for in dyna 
mite 1363 

I)i 2 eihslhexsl)phthalatc mfrarcel absorp 
turn spectrum of 1719 
Du tin! phlhalatc \ee n /10 phthalate escers 
determination of in propellants 1382 
N \ Diethsl in tohumidc, 111 pesticides, 
1868 

Dii 1 idols tost ne detection of 932 
Dnmthsldithiocarlnmite (sodium salt) in 
nesticides 1991 

Dime till Iglsoxime as precipitant for, 
nickel 118 
palladium 118 

1 1 Dimcthslhsdrarinc analssisof, 1316 
Dimcthsl phlhalatc ice Phthalate Esters 
Dimtrotolucnc 
color uactions of, 1337 
determination of m propellants, 1383 
test for, 1356 

Diols microdctcrmination of 411 
Diphacinonc in pesticides 1869 
Diphenylamuic, determination of, in pro- 
pellants, 1383 

Diphcnylglyoxime See a Bcnzildioxtme 
Diphrnslthiocarba/onc See Dithizonc 
Dipicry famine, precipitant for metals. 119 


Dishes laboratory, 18 
Dtsorlium endotlial, in pesticides, 1869 
Distillation, 
apparatus, 
for arsenic, 752. 798 
azeotropic, 1382 
for boron, 740 

Dean Stark apparatus for sealer in i* 
troleum products 529 
(or distillation o! crude petroleum, IDJ9 
for nuorine, micro method 393 
for tiaicr determination, 1618, 1727 
for staler in petroleum and bituminous 
products 1972 
Kjeldahl, 472, 735, 736 
Rjeldahl, micro method, 383 
microchemical 428 
Reichert Mcisst Polcuskc, 1461 
Spicer and Strickland, 202 
azeotropic, apparatus, 1382 
in chemical microscopy, 317 
fractional apparatus 209 
fractional distillation at low temperatures 
in gas analysis, 1324 
method for, 
antimony, 203, 836 

arsenic 203, 797, 831, 836 899. 1830 
2126 

boron 202 
chromium 205 
fluorine, 203 
germanium, 205 
mercury 207 

microscopic examination 317 

moisture m cxplositcs 1289, 1333 

for nitrogen 735, 1163 

osmium, 206 

selenium, 20G, 2173 

silicon 201 

sulfur, 201 

tin, 205 

water, 

in bituminous materials, 1012 
in natural fats, 1115 
in rubber, 2158 
in soaps and detergents 2281 
in wood, 1727 
separation by, 201-11 
of bituminous materials 1038_ 1011 
test for bituminous materials, 979 
lest for petroleum and pctrotcum prod 
ucts, 1929 

Disulfides organic, determination of 501 
Dithtzone, extractant for metals 166, 
Diuron, in pesticides, 1870 
DN compounds, in pesticides, 1870 
DN’T See Dimtrotolucnc 
Doctor test for petroleum distillates 2 Ww 
Double bond see also unsaturated com 
pounds 

microdctcrmination of, 422, 423 
Drop shatter lest, 1222, 1268 
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Droppcd-coal procedure for coal, 1240 
Dropping-mercury electrode, 903 
assembly, apparatus, 903 
Drying oils, 
analysis, 1643, 1644 
identification of, 

by gas chromatography, 1647 
by iodine number, 1645 
by saponification number, 1647 
Ductility test, for bituminous substances, 
966 

Duodenal contents, 
analysis for, 
amylase, 1079 
lipase, 1105 
proteinase, 1126 
trypsin, 1126 

Duodenal secretions, bicarbonate level, 1081 

Dust fall, analysis of, 628 

Dynamites, 

analysis, complete, 1353 
analysis for, 

aluminum metal, 1360 
ammonium nitrate, 1358 
calcium as calcium carbonate, 1360 
chlorates, 1358 
chlorides, 1358 

ethylene glycol dinitrate, 1363 
magnesium nitrate, 1358 
moisture, 

by carbon tetrachloride distillation, 
1353 

by Karl Fischer titration, 1354 
nitro compounds, 1356 
nitrocellulose, 1361 
nitioglycerin, 1363 
nitrogen, 1356 
perchlorates, 1358 
sodium nitrate, 1358 
starch, 1360 

sucrose octanitrate, 1363 
sulfur, 1355. 1361 
composition of, 1350 
definition of, 1350 
formulas of, 1352 
precautions in handling, 1352 
sample preparation, 1353 
types of, 1352, 1363 
Dynamite mapper, analysis of, 1364 

EDTA, 

standard solution of, 268 
titrations with, 267-9 
Ehrlich’s reagent for tryptophan, 932 
Ekkert test for barbiturates, 2123 
Elastomers, nomenclature, 2148 
Electric furnace slags. Sec Ferrous Slags. 
Electrochromatography, 180, 222-4 
Electrode, 
antimony, 313 
calomel, 310, 845 


Electrode (Cont.) 

dropping-mercury electrode assembly, 
903 

for electrolytic separations, 172 
glass, 314 

measurements with, 315 
hydrogen, 311 
mercury cathode, 175 
for pH measurements, 310-7 
platinum, 8 69 
quinhydrone, 312 
silver chloride, 311 
Eleqtrodeposition, 

apparatus, 434, 685, 814 
Electrode potentials, table, 168 
Electrodialysis, 180 
Electrolysis, 

at controlled potential, apparatus, 177 
internal, 179 

with mercury cathode, apparatus, 172 
separation by. See Separation by Elec- 
trolysis. 

Electrolytic, 
cells, 1 G8 

determination of, 
lead, 814, 817, 865, 1309 
copper, 685, 814, 865, 8S0, S81, 918, 
1309 

copper, micro method, 433 
separations, 
apparatus, 172 
Mclaven cell, 703, 704, 824 
factors alfecting, 173 

Electromeliic determination of pH or hy- 
drogen ion concentration, appara- 
tus for, 307 
Electrophoresis, 179 
Elements, 

detection of, 53-62, 64-83 
division into analytical groups, 63 
Elution chromatography, 239-42 
Endrin, in pesticides, 1871 
Engler method, viscosity of bituminous 
substances, 957-61 
Engler viscosimeter, 957-61 
Enols, determination of, 461 
Epoxides, see also Oxirane Oxygen Com- 
pounds, 
detection of, 
in paint, 1630 
in polymers and resins, 

Foucry test, 1633, 1636 
Swann test, 1634, 1636 
determination of, 
in paints, 1678 

Epoxide ester of castor oil, infrared absorp- 
tion spectrum of, 1715 

Epoxidized soya oil, infrared absorption 
spectium of, 1720 

Epoxy groups, determination of, in fats, 
1480 
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EPN in pesticides 1871 
Equilibrium moisture determination of in 
coal 1208 

hrgocalciferol See Vitamin D 
Esters 

saponification number of microdetermi 
nation 409 

carboxylic determination of 469 
Estei gum See Glyceryl Ester of Rosin 
Escherichia Coll 2a01 

Eschka method for determination of sulfur 
in coal and coke 1155 

Eschka mixture tor deieimmation of chlo 
nne in coal 1207 

Etching mixtures for semi conductors anal 
ysis of 585 

Ethane determination of in gas analysis 
1521 1522 1524 1531 

Ethanol 

detection of in toxicology 2113 
determination of in toxicology 2136 
Ethers determination of 483 
Ether solubility of wood 1731 
Ethyl alcohol See Ethanol 
Ethyl cellulose 
analysis of 2101 

infrared absorption spectrum of 2041 
Ethyl centralite determination of in pro 
pcllants 1385 

Fthylencchlorobromide in pesticides 1871 
Ethylenediamme precipitant for metals 
119 

Ethylenediaminetetraacetic acid See 
E?TA 

Ethylene dibromitle in pesiicidej 1871 
Ethylene dichlonde in pesticides 1871 
Ethylene glycol 

detection of in toxicology 2109 
determination of 
in alkyd resins 1655 
in toxicology 

method of Harger and Torney 2138 
method of Lehman and Newman 
2138 

Ethylene glycol dinitrate determination of 
in dynamite 1363 
Ethylene oxide in pesticides 1872 
Ethylene plastics analysis of 2080 
2 Ethyl 1 3 hexanediol in pesticides 1871 
Evaporation 
of metals 207 8 
separation by 201-11 
Existent gum in gasoline 1967 
Explosives 

abbreviations for 1408 
analysis 1345 

calculations used in Mrimetric proce 
dures 1304 
general methods 1286 
infrared methods 1388 
by non aqueous titrations 1294 
precautions 1284 


Explosives (Cont) 
analysts for, 
heat of explosion 1286 
with adiabatic calorimeter 1287 
with plain jacket calorimeter f IS0 
thermal) 1287 1 

moisture 

carbon tetrachloride distillation 
method 1289 
Karl rischer method 1290 
mo sture and volatiles 

0 en drying at 100°C 1294 
vacuum oven drying at 55°C 1294 

stability 

by international test at 75 fl C 1295 
with methyl violet test paper 1295 
by potassium iodide starch test 129 j 
by surveillance test at 65 5“C 1296 
volatiles total 1304 
definition of 1283 
ingredients of 

analysis of 1306 see also individual in 
gredients 

aluminum metal 1306 
ammonium nitrate 1311 
ammonium perchlorate 1313 

1 1 dimethylhydrazine 1316 
hydrazine 1317 
hydrogen peroxide 1318 
magnesium metal 1321 
magnesium oxide 1823 

nitnc acid fuming (white or red) 
1325 

nitrocellulose (cellulose nitrate) 1330 
ni f rogl yon ne (gl y eery 1 trim (rate) 
1335 

nitroguanidtnc (Picrite) 1336 
ropylene glycol 1337 
4 toluene dusocyanate 1339 
triacetm (glyceryl triacetate) 1310 
24 6 trinitrotoluene (TNT) 1311 
zinc oxide 1343 
vacuum stability test 1298 
explosive mixtures 
analysis of 1350 1351 
initialing qualitative tests for 1345 
nommtiating qualitative tests for 1347 
1348 

qualitative tests for 1345 
quantitative analysis outline 13al 
specifications for 1408 
Extender pigments See Pigments 
Extraction 181-200 
acetone extraction of rubber 2156 
of bituminous substances 
with benzene 1012 
with carbon disulfide 1010 
centrifugal extraction method 1015 
chelate systems 
acetylacetone 182 183 
cupferron 188 195 
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Extraction, chelate systems (Cont) 
diethyldithiocai hamate, 184, 194 
dithizonc, 186, 194 
8 hydroxy quinoline, 182, 185 
table of, 193 

thcnoyltrifluoroacctone, 182, 184 
in chemical microscopy, 345 
chloroform extraction of poisons, 2114 
of fats with petroleum ether, 1417 
of cxplosnes, 

tilth acetone, 1361 
tilth acids, 1359 
tilth carbon tetrachloride, 1361 
tilth ether, 1354 
tilth water, 1357 
ion association systems, 

4 methyl 2 pcntanone (hexone), 189, 
195 

octylamines, 190, 195 
table of, 193 

tn n butylphosphate, 191, 195 
tn n octylphosphine oxide 192, 200 
of metals, extiactants for, table of, 193 
of natural fats, tilth ether, 1417 

Extiactnc free tiood, preparation of, 1736 

Fabrics, bituminized See Bituminous Sub- 
stances 

Tacticc, detection of in rubber compounds, 
2203 

Tatty acids, 

determination of, 
in fats, 1417 

gas chiomatogiapliy, 1475 
modified Tmtchell method, 1479 
in soaps 288 

Tats, 

analysis, 1411 
ash content, 1419 
butyric acid, 1464 
copper, 1422 
diene talue, 1411 
epoxy groups, 1480 

fatty acids, by gas chromatography, 
1475 

free, 1417 

polyunsaturated, 1470 
solid, 1479 
\olatile, 1462, 1464 
glycerol, 1469 
hydioxyl talue, 1437 
impurities, 1414 
impurities insoluble, 1416 
iodine talue, 1438 
lion, 1421 
metals, 1420 

mineral matter, soluble, 1416 
moisture, 1411 
monoglyccndcs, 1467 
neutial oil 1424 
nickel, 1420 


Fats, analysis (Cont) 

oil and fat content, 1481 
peroxide talue, 1430 
phosphoius, 1423 
saponification talue, 1437 
stability, 

acute oxygen method, 1426 
kreis test, 1427 
oxygen absoiption test, 1427 
pci oxide talue, 1430 
Schaal test, 1427 
thiobarbituric acid test, 1427 
tians isomers, 1478 
unsaponifiable matter, 
ethyl ether extraction method, 1418 
petroleum ethei extraction method, 
1417 

tolatile matter, 1414 
break test for, 1425 
chemical characteristics of, 1437 
cold test for, 1447 
composition of, 1462 
cooling cuive of, 1456 
determination of, 
cloud point, 1446 
color of, 

TAC coloi standaids, 1461 
color of Wesson method, 1460 
congeal point, 1444 
consistency of, 1454 
fire point of, 1457 
(lash point of. 1457 
melting point, 

by closed capillary tube method, 1442 
by Wiley method, 1443 
refractne index of, 1447 
smoke point of, 1457 
softening point, 1444 
solid fat index, 1450 
solidification point, 1445 
specific grauty of, 1455 
titer point, 1445 
Mscosity of, 1455 
identification of, 1430 
identifiable characteristics of, 1431 
physical chaiactenstics of, 1432, 1442 
sampling of, 1411 
Teccs, 
analysis 
calcium, 1083 
lipids, total, 1 106 
urobilinogen, 1129 
Tcldspars See also Clays 
analysis of, 2261 
Tcnuron, in pesticides, 1872 
Teibam, in pesticides, 1873 
Ternc See Iron 

Ternc oxide, determination of in Portland 
cement, 1057 

Tern cyanide, precipitants for, 109, 137 
test for, 60 
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Ferro alloys, 

analysis, 757 See particular alloys and 
components 
boron, 2270. 2275 
sampling, 758-63 
Ferro boron, 
analysis for, 
aluminum, 777-80 
boron, 775 
silicon 780 
Ferrochromium, 
analysis for, 
carbon, 784 
chromium, 781 
silicon 784 
rcTrocyamde, 
piccipitants for, 109, 137 
test for, 60 
Fcnomanganesc, 
analysis for, 
carbon 773 
manganese, 

bismuthate method, 769 
pvrophosphate method, 771 
phosphorus 773 
silicon 774 
sulfur 773 
Ferromoly bdenum, 
analysis for, 
carbon, 805 
copper, 807 
molybdenum 802 
phosphorus 806 
silicon, 806 
sulfur, 805 
Ter rosil icon, 
analysis for, 
carbon 765 
phosphorus, 766 
silicon 764 
sulfur, 768 
Ferrotitamum, 
analysis for, 
aluminum, 809 
caibon 811 
silicon, 810 
titanium, 807 
Ferrotungsten, 
analysis for, 
antimony 802 
arsenic, 797 
carbon, 792 
copper, 

electrolytic method, 799 

iodide method, 798 
manganese, 792 
phosphorus, 793 
silicon, 

phosphoric perchloric acid method. 

795 

volumetric method, 796 
sulfur, 794 


Ferrotungsten, analysis for (Conti 
tin, 800 v ' 

tungsten, 790 
Ferrovanadium, 
analysis for, 
aluminum, 788 
carbon, 786 
phosphorus, 786 
silicon, 788 
rerrous slags, 
analysis, 2265 
aluminum. 2268, 2273 
calcium, 2266, 2271 
chromium, 2273 
fluorine, 2070, 2275 
iron, 

ferrous, 2267 
total, 2267, 2274 
magnesium, 2266, 2272 
manganese, 2269, 2274 
phosphorus. 2268 

total R 2 O s (AU> 3 . Fe 2 0 3 , P 2 0 5 ), 2266 
silicon, 2265, 2271 
sulfur, 2270, 2275 
titanium, 2272 
vanadium, 2272 
I crrovanadium, 
analysis for, 
sulfur, 787 
vanadium, 785 
Fertilizers, 
analysis, 1483 

acid or base forming quality, 1504 
biuret, 1489 
nitrogen, 1484 
ammoniacal, 1487 
nitrate, 1487, 1488 
total, 

by Kjeldahl method, 1485 
by reduced iron method, 1486 
urea, 1488 
phosphorus, 1490 
available, 1499 
citrate insoluble, 1497 
total, 

molybdophosphate method, 1491 
qiunohmum molybdophosphate 
method, gravimetric 1496 
quinohnium molybdophosphate 
method titnmetnc 1494 
spectrophotometric method 1492 
water soluble, 1496 
potassium, 

flame photometric method-direct in 
tensity, 1501 

flame photometric method— internal 
standard 1503 

tetraphenylboron method, 1499 
urea, 1489 
water, 1484 

sampling of, 1483 ... 

Fibrinogen, determination of, in blood, 
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Fillers, paper See Paper 
Filter crucibles, 243 
Filter papei, 243 
Filtration, 88 
apparatus, 
filter stick, 410 
filter tube, 399 

for microscopic examination, 347 
of precipitates, 243 

I ire point, of petroleum and petroleum 
products, 1918 
I ishcr Sei fass, 
hydrogen analyzer, 1594 
\acuum fusion apparatus, 1593 
I i\ed carbon, determination of, in coal and 
coke, 1155 
riamc photometer, 
apparatus, 1063 
method for, 

calcium in propellants, 1376 
lanthanum, 752 
potassium, 1063, 1501, 1503 
sodium, 1063 

name photometry, standard solutions for 
determination of sodium and po 
tassium, 1065 
Tlash point, 

determination of, 
fats, 1457 

petroleum and petroleum products, 

Cle\ eland open cup, 1918 
Pcnsky Martens closed tester, 1923 
Tag closed tester, 1913 
Flue gas, analysis of, 1516, 1566 
Thuds, containing, in gas analysis, 1511 
1 loat test, for nscosity of bituminous sub- 
stances, 961 

riuoboratc, prccipitants foi, 109, 137 
riuobonc acid, analysis of, 574 
I luoride, 

detection of, in toxicology, 2107 
determination of, 
in lead glasses, 2251 
in water, 2431 

prccipitants for, 109, 132, 137 
test for, 60 
riuonne, 
determination of, 

borosiheate glasses 2256 
in feirous slags, 2270 2275 
in oiganic compounds, micro method, 
392-6 

in pesticides, 1876 
in soils, 2325 
separation of, 203-4 
riuosilicic acid, 
analysis of, 577 
detci initiation of, 
in fluoboric acid, 576 
in hydrofluoric acid, 579 
riuosulfomc acid, analysis of, 578 
Tolic acid, 2381 


Folic aad (Cont) 
determination of, 

colorimetric method, 2381 
fluorometnc assa\, 2383 
polarographic assay, 2383 
Formaldehyde, detection of, 
in polymers and resins, 1633 
in toxicology, 2112 
determination of, m pesticides, 1878 
Foimic acid, 
analysis of, 588 
commercial types, 588 
determination of, in acetic acid, 590 
Fractional distillation, apparatus for, 209-11 
Free acidity, determination of, 586 
‘Tree Carbon,” 989 
Tree spelling index of coal, 1252 
Fuel gases See also Gases and Gas Analysis 
analysis for sulfur, total, 1544 
components of, boiling points, 1525 
separation of components, 1566 
Fuel oils See Petroleum and Petroleum 
products 

Tiijiuara Cole test for chloral and chloro- 
form, 21 14 

rumarin, in pesticides, 1879 
Fuming nitric acid See Nitric acid 
Functional groups, determination of, micro 
method, 404 
Fungi in water, 2520 

p Turfuraldoxime, precipitant for palla- 
dium, 119-20 

a-Funldioximc, as precipitant for, 
nickel, 120 
palladium, 120 
Furnaces, muffle, 19 
1 urnace gas, analysis of, 1516 

analysis with Orsat apparatus, 1516 
Fusibility of coal ash, 1170 
Fusion bath technique, gas analysis, 1591 

Gallium, prccipitants for, 104, 134 
test for, 56, 75 

Gamma-cellulose, determination of, 
in paper, 1819 
in paper pulp, 1751 
Gases, 

analysis of, 1507 
boiling points of, 1525 
sampling of, 1507 
solubility of, in water, 1511 
Gas analysis, 

absorbent reagents for, 1514 
acid cuprous chloride, 1516 
alkaline pyrogallol, 1515 
bromine water, 1515 
chromous chloride, 1515 
cuprous sulfate-beta-naphthol solution 
1516 

potassium hydroxide, 1514 
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Gas analysis, absorbent reagents for (Cont) 
fuming sulfuric acid 1515 
apparatus for, 1516, 1517 
Ostwald type gas absorption apparatus, 
522 

combustion analysts, 1520 
constant pressure \olumetnc analysis, 1514 
determination of, 
acid gases 1519-22 
ammonia 1553 
aigon 1531 

carbon dioxide, 1516 1517 1519-22 

1523, 1534, 1565 

carbon monoxide, 1516 1522, 1557, 1565 
colorimetric method, 1561 
Hoolamite iodine pentoxide indica 
tor, 1561 

instruments for, 1562 
lodimetnc (iodine pentoxide method), 
1559 

cyanogen 1554 

ethane 1520, 1522, 1524, 1531, 1534 
gases in metals, 1563 
carbon dioxide, 1565 
carbon monoxide 1565 
hydiogen 15G5 1580, 1586, 1594 
methane, 1565 
nitrogen, 1565 1580 1586 
oxygen 1565 1580, 1586 
vacuum fusion method, 1580 
water vapor, 1565 
helium 1531 

hydrocarbon See also individual hy 
drocarbons 

hydrocarbons, 1524 1531,1534 
by low temperature distillation appa 
ratus, 1524 

hydrogen, 1522, 1565, 1580, 1586, 1594 
hydrogen cyanide 1554 
hydrogen sulfide, 

by lead acetate paper test, 1539 
by mass spectrometry, 1531 
by Tulwiler method, 1539 
by U S Steel chemists’ method, 1541 
methane, 1519-22, 1523, 1524, 1531, 
1534, 1565 
neon 1531 

nitrogen 1519-22, 1523, 1531, 1534, 
1565, 1580, 1586 
nitrogen compounds 1553 
nitrogen oxides, 1554 
oxygen, 1516 1519-22, 1523, 1531, 1534, 
1565, 1580, 1586 
sulfur, 

organic, 1543, 1549 
total, 1543 1544, 1549 
sulfur dioxide, 1531 
water vapor, 
dew point method, 1551 
by electrical conductivity method, 
1552 

fractional freezing, 1565 


Gas analysis, determination of, water vapor 

gravimetric method, 1550 
by wet bulb psychrometer method, 


fractional combustion method, 1522 
by gas chromatography, 1534 
apparatus for, 1535 
procedure for, 1536 
low temperature fractional distillation 
analysis, 1524 
apparatus for, 1526 
procedure for, 1528 
manometnc apparatus, 374 
by mass spectrometer, 1531 
micro gas samples 1564 
analysis of, 1564 
collection of, 1564 
measurement of, 1564 
with portable Orsat apparatus, 1516 
reproducibility of volumetric analysis 
1523 


separation of gases by fractional freezing, 
1565 

U S Steel type of apparatus for, 1518 
vacuum techniques, 1563 
admission of gas to an evacuated sys 
tern, 1569, 1589 
capillary leak, 1575 
porcelain leak, 1573, 1589 
carbon in metals, 

combustion conductometric method 
1612 


low pressure combustion method, 


1608 


devices for obtaining gases from dosed 
containers 1576 

Fisher Serfass vacuum fusion apparatus 
1593 


fusion bath technique. 1591 
injection of metal samples into vacuum 
stations, 1567 

Gas analysis, complete, with laboratory ap 
paratus, 1517 

Gas chromatography, 225-8 
apparatus, 225 
for drying oils, 1647 
fatty acids in fats, separation of, 1475 
in gas analysis, 1534 
apparatus for 1535 
procedure for, 1536 
for plastics, identification of, 2041 
Gas, 

flue, analysis of, 1516, 1566 
furnace, analysis of, 1516 
Gasoline See also Petroleum and petroleum 


determination of, tetraethyllead, 2009 
Gastric acidity, determination of, , IOy j tv 
Gastric contents, determination of aciaiiy. 
1093 

Genite, in pesticides, 1879 
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Germanium, 

precipitants for, 104, 134 
separation of, 205 
test for, 56, 68 

Gicseler plastometer for plastic properties 
of coal, 1246 

Glasses, 

analysis of, 2227, 2229 
borosilicate glasses, 
analysis, 2251 

alkalies (Na a O + K 2 0), total, 2254 

aluminum, 2254 

antimony, 2254 

arsenic, 2254 

barium, 2252 

boron, 2255 

calcium, 2253 

fluorine, 2256 

iron, 2254 

magnesium, 2253 

manganese, 2254 

total RoOo (FcoOy, A1 2 Oo, Ti0 2 , 
Zr0 2 , MnO, ZnO), 2252 
silicon, 2252 
titanium, 2254 
zinc, 2253 
zirconium, 2253 
lead glasses, 
analysis, 2246 
aluminum, 2251 
antimony, 2251 
arsenic, 2251 
barium, 2247 
calcium, 2249 
cerium, 2249 
chloride, 2251 
fluoride, 2251 
iron, 2250 
lead, 2247 
magnesium, 2249 
manganese, 2250 
potassium, 2249 

total R<,0 3 AI0O3, TiOo, 

ZrOo,‘MnO, and Ced 2 ), 2248 
silicon, 2246 
sodium, 2249 
sulfur (total S0 3 ), 2247 
titanium, 2250 
zirconium, 2251 
soda-lime glasses, 
analysis, 2229 

alkalies (Na 2 0 K 2 0), total, 2234 

aluminum (AI0O3), 2238 

antimony, 2232 

arsenic, 2231 

barium oxide, 2230 

calcium (CaO), 2233, 2236 

chloride, 2235, 2239 

chromium, 2242 

cobait, 2242 

copper, 2243 

iron, 2244 
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Glasses, soda-lime, analysis (Cont.) 
magnesium (MgO), 2234, 2237 
manganese, 2244 
nickel, 2245 
potassium (KoO), 2240 
total R0O3 (FeoOs, AI9O3, TiOo, 
MnO)', 2232 
silicon, 2229, 2235 
sodium, (Na 2 0), 2240 
sulfur (total SO3), 2230, 2241 
titanium, 2246 
sampling of, 2227 

Glass electrode for pH measurements, 314—7 
Glassware, 

calibration of, 10 

chemical composition of, table, 14 
chemical resistance of, 15-17 
cleanliness of, 9 
labeling, 8 

laboratory, types of, 13 
quality of, 9 

Globulins, alpha, beta, and gamma, deter- 
mination of, in serum, 1118 

Glue, 

detection of, in rubber compounds, 2203 
determination of, in rubber compounds, 
2223 

Glucose, determination of, 
in blood, 1094 
in serum, 1094 
in spinal fluid, 1094 
Glycerol, determination of, 
in alkyd resins, 1655 
in fats and oils, 1469 
in soaps, 2293 

Glyceryl ester of rosin, infrared absorption 
spectrum of, 1713 

Glyceryl trinitrate. See Nitroglycerin. 
Glyceryl triacetate. See Triacetin. 

Glycine, 
detection of, 931 
determination of, 949 
Glycols, determination of, 459 
Gold, 

determination, micro method, 439 
precipitants for, 104-5, 134 
test for, 56, 71 
Gold ware, laboratory, 19 
Graphite, 

determination of, in propellants, 1378, 
1385 

gravimetric method, 1401 
Graphite pigment, 1702 
Gray iron, sampling of, 648 
Green pigments. See Pigments. 

Grindability of coal, 1219 
Gross beta activity of water, 2471 
Guncotton, determination of, 1331, 1332 
Guthion, in pesticides, 1879 
Gutzeit method for arsenic (toxicology), 2129 
Gypsum, determination of, in soils, 2331 
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Halphen test, 1432 
Halphen Hicks test for losm, 1800 
Hanus iodine number, 477 
Hardgrove machine method for gnndability 
of coal 1219 
Hardness of water, 2433 
Harger method for ethanol, 2136 
Heat of explosion 

determination of, for explosives and pro 
pell ants 1286 

with adiabatic calorimeter, 1287 
with plain jacket calorimeter (isother 
ituI) 1287 
Heaw metals 
determination of 
in hidrofluorlc acid 582 
in phosphoi ic acul 58 4 
in sulfuric acid 548 

Helium determination of in gas analysis 
1531 

Hellige comparator lor pH determination 
305 

Hemoglobin deteimination of in blood, 
1098 

Heniv s law constants 2444 
Heptachlor, in pesticides 1880 
Heptoxune See 1 2 Cvcloheptanedionedi 
oxime 

Herbicides See Pesticides 
Heroin, detection of in toxicologv 2121 
Hexogen See Cvclotrimethylenetrimtra 
mine 

Hexone extractant for metals 189 195 
Histidine, 
detection of 930 
determination of 945 
Holocellulose determination of, in wood, 
1732 

Homogeneous precipitation of ions, 134-49 
as arsenate, 148 
as basic salts 139 
as chromate 147,148 
as fluoride, 147 
as h>drous oxide, 147 
as hydroxide 139 
as lodate 14G 
as oxalate 110-2 148 
as periodate 147 
as peroxide 149 
as phosphate 142 
as selenite 149 
as sulfate 142-3 
as sulfide 143-6 

Hooljnnte indicator for, carbon monoxide, 
1561 

H\eem apparatus for testing bituminous 
substances, 1009 
Hydrazine, analysis of, 317 
Hydrazine compounds, determination of, 
493-5 

Hidranno group, microdetermination of, 
415 


Hydrazo compounds, determination of 
497-9 

Hjdtocjamt acid Sec H)droge„ Cjamd* 
Hydrocarbons, 

light, determination of by Ion tempera 
ture fractional distillation, 1524 
unsaturated, 

absorbents for m gas analysts, 1514 
determination of, in gas analysis, lvn 
Hydrochloric aad, 
analysis for, 
arsenic, 568 
chlorine, 569 
impurities, 570 
iron 568 


nitric acid, 568 
phosphoric aetd, 568 
residue on ignition, 568 
silica, 5G8 
sulfuric acid 567 
commercial types, 566 
constant boiling, 259, 621 
concentration determination of, 566 
determination of, 
in nitric acid, 561 
in sulfuric acid, 542 

specific grainy composition table of, 621 
standard solution of. 258-9 
Hydrogen cyanide determination of, in gas 
analysis, 1554 
Hydrofluoric acid, 
analysis for, 

fluosilicic acid 579 
heaty metals 582 
impurities 582 
iron, 582 

residue on ignition, 582 
sulfuric acid, 581 
sulfurous acid, 581 
water, 582 

commercial types, 579 
concentration, determination of, 579 
determination of, 
in fuming nitric acid, 1328 
in nitric acid, 562 
in sulfuric acid, 543 
Hydrogen, 
determination of, 
in coal and coke, 1160 


in gas analysis, 1522 
in metals, 

by Tisher Serfass hydrogen analyzer, 

1594 . 
gas analysis vacuum techniques lato 

1580, 1586, 1594 
by hot extraction, 1594 
by Laboratory Equipment Company 
method, 1597 

by vacuum fusion technique, 

I! 586 

in organic compounds, micro met. , 

366-73 
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Hydrogen (Cont.) 

exchangeable, in soils, 2329 
Hydrogenation of unsaturated hydrocar- 
bons, micro method, 478 
Hydrogen electrode for pH measurement, 
° 311-2 

Hydrogen ion concentiation. See also pH. 
dctci munition of, 

colorimetric, 284—306 
electiometiic, 307-17 

of blood, 1110 

of papei e.xtiacts, 1831 
of soaps and detergents, 2308 
of soils, 2328 
of uatci, 2642 
and pH, 18S3 
and pOH, 1883 
Hydiogen peroxide, 
analysis lor, 
assay , 1318 
chloride, 1320 
ciapoiation residue, 1318 
nitiate, 1320 
phosphate, 1320 
stability, 1319 
sulfate, 1320 
tin, 1320 

Hydrogen sulfide, 
detection of, 
in gases, 1539 

in petroleum distillates, 2005 
determination of, 
in air, 634 
in gases analysis, 
lead acetate paper test, 1539 
by mass spectrometry, 1531 
by methylene blue method, 1543 
Tut ivilei method, 1539 
by U. S Steel Chemists’ method, 1541 
Hydroiodic acid, determination of, in nitric 
acid, 563 
Hydrometeis, 534 
API, 1926 

specific gravity, 1950 

Hydrophilic adsoibents for chromatogra- 
phy, 217 
Hydroqmnone, 

determination of gold, micro method, 439 
piccipitant for, 
gold, 120 
sihci, 120 

Hydroxides, piecipitation of, effect of pH, 
93 

Hydioxy compounds, organic, determina- 
tion of, 455-62 

17-Hydroxscoiticosteroids, determination of, 
in urine, 1097 

5-Hydroxy indoleacetic acid, determination 
of, in urine, 1096 
Hydroxil group, 

determination of, micio method, 404 
in poll propylene glycol, 1338 


Hydroxyl number, 
of fats, 1437 

of fatty acids in alhyd resins, 1654, 1658 
sample size for, table, 1654 
Hydroxyl lalue. See Hydioxy 1 Number. 
p-Hydroxyphenylaisonic acid, precipitant 
for zirconium. 111 

2-(o-Hydroxyphenyl)benzimidazolc, precipi- 
tant for mercury, 120 
2-(o-Hy droxy pheny l)benzoxazole, 
precipitant for, 
cadmium, 121 
palladium, 121 
Hydroxy proline, 
detection of, 931 
determination of, 950 

8-Hydioxyquinaldine, piecipitant for met- 
als, 121 

8-Hydroxy quinoline, 

precipitant for metals, 100, 122 
extiactant for metals, 182, 185 
Hygroscopicity, determination of, in propel- 
lants, 1288 

Ideal gas law, corrections for deviations, 
1523 

Identification of pure compounds with the 
microscope, 330-44 
Ignition loss, 

of days and feldspars, 2262 
of paint pigments, 1697 
of soils, 2319 

Index of dustiness, for coal and coke, 1242 
Index of refraction. See also Refiactire 
Index. 

of plastics, 2052 
Indicators, 

acid-base, 255-8, 287-94 
mixed, 293 

solutions, preparation of, 289-91 
uniiei sal, 293-4 

adsorption, precipitation titrations, 263 
metal, for EDTA titrations, 267-8, 2237- 
38 

for nonaqueous titrations, 279-82 
oxidation-reduction, 269, 270 
for pH measurement, 287-94 
universal, 293 
Indium, 

precipitants for, 105, 134 
test for, 56, 81 

Infrared absorption spectra of materials used 
in paints, varnish, and Iacqueis, 
1708-21 

Infrared procedures, for analysis of, 
explosive formulations, table, 1388 

paints, varnishes, and lacquers, 1628, 
1644, 1688 
plastics, 2036, 2059 
propellants, 1385 

rubber and rubber products, 2168, 2191, 
2200 
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Iron, analysis for (Cont.) 
rare earths, 750 
silicon, 

perchloric acid method, 684 
sulfuric acid method, 683 
sulfur, 

evolution method, 677-9 
gravimetric method, 675-7 
tellurium, 753 
tin, 745 

titanium, 719-21 
tungsten, 713-5 
uranium, 

cupfcrron method, 755 
ion exchange method, 754 
vanadium, 

electrolytic separation method, 703-5 
permanganate method, 706 
zinc, 756 
zirconium, 720 
cast iron, analysis of, 645 
detection of, in paper filler and coating, 
1816 

determination of, 

in aluminum metal, 1308 
in antimony, 910 
in antimony alloys, 910 
in borosilicate glasses, 2254 
in brasses and bronzes, 827 
in chlorosttlfonic acid, 574 
in clays and feldspars, 2262 
in coal, 1200 
in copper, 856 
in copper-base alloys, 
dichromate method, 827 
routine rapid method, photometric, 
872 

thiocyanate method, 856 
in fats, 1421 

in ferrous slags, 2267, 2274 
in hydrochloric acid, 568 
in hydrofluoric acid, 582 
in lead, 910 
in lead alloys, 910 
in lead glasses, 2250 
in magnesium metal, 1321, 1322 
in nickel-copper alloys, 
dichromate method, 886 
thiocyanate method, 887 
in nitric acid, 564 
in rubber, natural crude, 2155 
in serum, 1102 
in soda-lime glasses, 2244 
in sodium hydroxide, 605 
in sulfuric acid, 549 
in tin, 910 
in tin alloys, 910 
in water, 2435 
gray iron, sampling of, 648 
malleable iron, sampling of, 648 
open-hearth iron, analysis of, 645 
pig iron, sampling of, 647 


Iron (Cont.) 

precipitants for, 105, 112, 135, 147 
sampling of, 647-9 
test for, 56 

in copper-base alloys, 870 
wrought iron, 
analysis of, 645 
sampling of, 648 
Iron blue pigment, 1699 
Iron oxide, black, pigment, 1701 
Iron oxide, ferric, determination of in rub- 
ber compounds, 2216 
Iron ware, laboratory, 19 
Isocyanate group, microdetermination of, 
418 

Isocyanates, determination of, 504 
Isoprene polymer, determination of, 
in natural crude rubber, 2161 
in rubber compounds, 2193 
Isopropyl alcohol, 

detection of, in toxicology, 2114 
determination of, in toxicology, 2139 
Isothiocyanate group, microdetermination 
of, 418 

Isothiocyanates, determination of, 504 
Isotropy, 334 

Jamesbury valve for gas analysis, 1590 
Jones reductor, 776 
microchemical, 421 

Kapok oil, test for, 1433 
properties of, 1432 
Kappa number of pulp, 1838 
Karl Fischer method, 

for determination of moisture, 
in ammonium nitrate, 1311 
in ammonium perchlorate, 1313 
in explosives and propellants, 1290 
in fats, 1415 

for determination of water, 275-6, 526 
micro method, 436 

Karl Fischer reagent, preoaration of, 275, 
1297, 1415, 2069 

Kerosene. See Petroleum and Petroleum 
Products. 

Ketones. See Carbonyl Compounds. 
17-Ketostcroids, determination of, in urine, 
1102 

Kjeldahl determination of nitrogen, 
in amino resins in paints, varnishes, and 
lacquers, 1663 
in coal and coke, 1165 
in explosives and propellants, 1343 
in fertilizers, 1485 
in iron and steel, 735 
microchemical methods, 383 
in rubber, crude synthetic, 2172 
in soils, 2315 
in water analysis, 2454 

Kjeldahl distillation apparatus, micro, 385 
Kofler hot stage for microscope, 340 
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koppanyi method for determination of bar 
biturates, 2130 

Riaemer and Sarnow method, tor bitumi- 
nous substances, 074 
kreis test for stability of fcts, 1427 


Labeling of glassware, 8 
Laboratory apparatus, 3 
Laboratory Equipment Company method, 
for determination of hydrogen in 
metals, 1597 

Lacquer, see also Paint, varnish, and lacquer 
awalysvs, 1616 
analysis for, 
acrylic resins, 1676 
cellulose esters (cellulostcs), 1674 
cellulose nitrate, 1670 
nonvolatile contents, 1618, 1623, 1671 
vinyl resins, 1673 
volatile contents, 1618, 1623 
weight per gallon, 1610 
binder, identification of, 1627 
definitions, 1616 

flash point, determination of, 1620 
Lacquer, cellulose nitrate, 
analysis for, 
cellulose nitrate, 1672 
non volatile content. 1671 
ptasticizer, 1673 
resin fraction, 1673 
\ wcvoflaww Sf e RvboftavVtv 
Lactose broth, 2510 
Lampblack pigment, 1700 
Lanthanum, 

determination of, in iron and steel, 751 
precipitants for, 105, 135 
Lard, properties of, 1432 
Latex paint See Paint, varnish, and lac 
quer 

I ate\ polymers in paint, detection of, 1630 
Lead, 

analvsis, 896 
analysis for 
arsenic 905 
bismuth, 914 
copper 9Q7 
iron 910 
nickel, 912 

detection of, in rubber compounds, 2203 
determination of, 
vn aVuTOvnum metal, \$09 
in bearing metal 901 
in brasses and bronzes, 814, 817-18, 865 
in copper base alloy s, 
electroluic method, 814, 817 
Routine rapid method by electrolysis, 
863 

sulfate method, 818 
in fluobonc acid, 576 
in gasoline, 2009 
in iron and steel, 723 
in lead glasses, 2247 


Lead, determination of (Cont) 
in paint pigments, 1692 
in sulfuiic acid, 547 
in toxicology, 2140 
in water, 2436 

precipitants for, 105, 135, 148 
tests for, 56, 72, 74 
Lead acetate paper, 1539 
Lead alloys, 
analysis, 896 
analysis for, 
arsenic, 905 
bismuth, 914 
copper, 907 
iron, 910 

Lead arsenate, determination of, m pesti 
cides, 1853 
Lead azide, 

determination of, in primers, 1369 1370 
test for, 1345 

Lead base solder, analvsis for tin, 897 
Lead compounds, determination of, in pio 
pellants, 1389 
Lead glasses See Glasses 
Lead oxide, determination of in rubber 
compounds, 2216 
Lead pigments See Pigments 
Lead stvphnate, 

determination of, in prnneis, 1309 
test for, 1316 
Leaded htuuie, 86" 

Legal test for acetone, 2112 
Lethane 60 See thiocyanates, organic, in 
Pesticides 

Lethane 384 See thiocyanates, organic in 
Pesticides 

Liebeimann Burchard test modified 1135 
Liebermann Storch test for rosin 1634, 
1638, 1800 

Liebig method for cyanide, in toxicology, 
2135 

Lignasan, in pesticides, 1859, 1880 
Lignin, determination of, 
in water, 2192 
in wood, 1737 
Lime See Calcium Oxide 
Lime requirement of sods, 2330 
Lindane, in pesticides, 1880 
Linseed glyceryl phthalate. ^infrared absorp 
tion spectrum of, 1709 
Linseed oil, raw, infrared akwysplvow spec 
trum of, 17H 

Lipase, 

determination of, 

in duodenal contents, 1105 
in serum, 1105 
Lipids, total, 
determination of, 
in feces, 1106 
in plasma, 1106 
in serum, 1106 
Liquids, sampling of, 39-51 
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I.IRA caibon monoxide recorder, 1562 
Lithium, 

determination of, in water, 2-138 
precipitants for, 135 
test for, 56, 78 

LLD factor. Sec Vitamin B^- 
Long-t ange slide compatator for pH deter- 
mination, 302 

Low-frec/ing d\ namite, 1352, 1363 
ammonia, 1352, 1363 
Low-tcmperatme distillation anahsis, 
of light hydiocai lions, 1524 
ap]iaiatus foi, 1526 
proceduie for, 1528 

Lubricating oils. See Petroleum and Petio- 
leum Pioducts. 

Lunge-Rey pipet, 536 
‘‘bulb-tap’’ pipet, 536 
Lysine, dcteimination of, 946 

Magnesium, 

detection of, in paper filler and coating, 
1815,1816 
determination ofi 

in aluminum metal, 1309 
in boiosilicate glasses, 2253 
in clays and feldspais, 2264 
in fen ous slags, 2266, 2272 
in lead glasses, 2249 
in iion and steel, 747 
in limestone, micio method, 430 
in quartz sand, 2260 
in soda-lime glasses, 2234, 2237 
in soils, 2321, 2326 
in water, 

by calculation, 2441 
gravimetric method, 2439 
photometiic method, 2440 
in zinc-base die-casting allots, 916 
precipitants foi, 105, 135, 156 
test for, 57, 77 
Magnesium metal, 
anahsis for, 

aluminum, 1322 
carbides, 1321 
iron, 1322 
iron, metallic, 1321 

mateiial insoluble in sulfuiic acid, 1321 
oil and giease, 1321 
\olatile material, 1321 
dcteimination of (assat), 
b\ eudiometiic pioccdure, 1322 
by uatei comeision, 1322 
Magnesium nitiate, determination of, in 
dynamites, 1358 
Magnesium oxide, 
anahsis for, 
calcium oxide, 1324 
carbonate, 1323 
chloride, 1324 
iron oxide, 1321 
manganese, 132! 
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Magnesium oxide, analysis for (Cont.) 
silica, 1324 
sulfate, 1324 
determination of, 
assay, 1323 

in Portland cement, 1059, 1073 
in lubber compounds, 2218 
Magnesium silicate, detection of, in paper 
filler and coating, 1S13 
Magneson, 57 

Malathion, in pesticides, 1880 
Maleic losin ester, infrared absorption 
spectrum of, 1714 

Malleable iron, see also lion and Steel, 
sampling of, 648 

Mandelic acid, precipitant for metals, 122-3 

Maneb, in pesticides, 1881 

Manganese, 

determination of, 

in aluminum metal, 1311 
in borosilicatc glasses, 2254 
in brasses and bionzes, 829-30, 874 
in clays and feldspais, 2264 
in copper-base alios s, 829 
biomate method, 831 
persulfate method, 830 
Routine rapid method, peiiodate, 874 
in ferromanganese, 
bismuthate method, 769 
pyrophosphate method, 771 
in fenotungsten, 
persulfate-arsenate method, 792 
in ferrous slags, 2269, 2274 
in iron and steel, 
bismuthate method, 659-61 
periodate method, 665-7 
persulfate method, 661-4 
in lead glasses, 2250 
in magnesium oxide, 1324 
in manganese bronze, 859 
in manganese-silicon, 
bismuthate method, 769 
pyrophosphate method, 771 
in nickel-copper allots, 
periodate-photometric method, 889 
persulfate-aiseiiite method, 888 
in rubber, crude natural, 2153 
in silicomanganese, 
bismuthate method, 769 
pyrophosphate method, 771 
in soda-lime glasses, 2244 
in sodium hydroxide, 605 
in soils, 2321 
in tungsten metal, 792 
in water, 2441 
precipitants for, 105, 135 
test for, 57, 80 
in brasses and bronzes, 870 
in copper-base alloys, 870 
Manganese bronze, 

anahsis for manganese, 859 
composition of, 866, 867 
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Methyl salicylate, deteimination oC, in plas- 
' tics, 2091 
Methyl violet test, 
for stability of,_ 
cxploshes, 1295 

nitrocellulose, 1334 
Miciochcmical analysis, 357-453 
appai attis, 361-5 
balances, 358 
combustion methods, 

foi caibon and hydiogen, 369 
foi nitiogen, 379 

distillation appatatus foi fluorine, 393 

foi electiodeposition, 434 

filtei stick, 410 

liltei tube, 399 

Jones rcductoi, 421 

Kjeklahl distillation, 385 

oxygen combustion flasks, 390, 391 

foi steam distillation, 428 

uatet bath, 430 

determination of elements in oiganic com- 
pounds, 366-403 
aiscnic, 400 
biomine, 

catalytic oxidation method, 396 
closed flask method, 389 
caibon, 372 
appaiatus, 373 
piocedure, 374 

caibon and hydrogen, 366-73 
apparatus, 366 
chlorine, 

cataly tic oxidation method, 396 
closed flask method, 389 
fluoiine, 392 
iodine, 389 
ineicun, 403 
metallic elements, 401 
nitrogen, 

Dumas method, 377 
Kjeldahl method, 383 
o\) gen, 386 
phosphoius, 399 
sulfm, 

catal)tic oxidation method, 396 
closed flask method, 396 
deteimination of inoiganic substances, 
429-40 

calcium in limestone, 430 
chloride, 

metallic nitiate titration, 438 
sihei nitrate titration, 438 
copper in Gcnnan silver, 433 
gold, 439 
iion, 439 

magnesium in limestone, 430 
nickel in German silver, 433 
silica in mineral silicate, 432 
sodium, 429 
water, 436 


Microchemical analysis (Cont.) 

determination of molecular weights, 
cr)oscopic method, 440 
ebullioscopic method, 4-13 
isothermal distillation method, 445 
thei mo-electric method, 448 
sapor density method, 451 
determination ol organic functional 
gioups, 404-29 
acidic gioups, 425 
acyl gioup, 408 
alkimino group, 417 
alkox)l group, 406 
amino gioup, piimary, 412 
basic gioups, 426 
carbon) 1 gioups, 409 
caibox)l group, 404 
C-Meth)l groups, 427 
diol gioup, adjacent, 411 
esteis, saponification number, 409 
liydiazino group, 415 
h)drox)l group, 404 
isocyanate gioup, 418 
isotlnocyanate gioup, 418 
nitio gioups, 414 
peioxy gioup, 411 
sulfh)di)l (thiol) group, 
ampeiometiic titiation, 419 
oxidation with iodine, 419 
sulfoxide gioup, 420 
unsatmated gioup, 

b) biomine addition, 422 
by li)drogenation, 423 
techniques. Sec n/so special piocediues. 
dt)ing, 361, 365 
puherizing and mixing, 362 
weighing, 359, 362 

Micio giavimetiic inoiganic analysis, 429-36 
Microscope, anal)tical use of, 326-56 
analysis b) moipholog) , 326 

crystallographic data, tabulation of, 
328-9 

identification of pure compounds, 330 
chemical leactions, 338 
reagents used, table of, 339 
cnstal geometry, 
cleat age, 332 

constancy of intci facial angles, 331 
crtstal systems, 330-1 
forms, 331 
habit, 331 
Miller indices, 331 
polymoiphism, 332 
rational indices, 331 
twinning, 332 
fusion methods, 340 
data, tabulation of, 341-2 
eutectic melting tempeiatures, 342 
melting point, determination of, 341 
mixed fusion, 344 

organic compounds, identification of, 
341 



INDEX 


Microscope identification of pure com 
pounds fusion methods (Corn ) 
retractive index ol melt 314 
optical properties 332 
isotropv and anisotropy, 334 
pleocliroistn 33b 
ictiaeiive index 331 
miasm uni. til ot 334 
qu mut mu an ilvsis 
trial analvsis 5 >2 
eountm„ atulssis 3 jI 
Mai tins diametei 3al 
p iirnk sue miasiitiment of Sal 
i tin inn substances 3a2 
irsstal liabit ihan n e 3a3 
irsstalli/ation velocity change 3a3 
(iimu n point depression 3 j 3 
ptissu.it propmics in isoinorplious 
solid solutions 3 >3 
nf i acusc index ol melt 3aa 
lei li mi | nes of picparalion and punfica 
turn 311 

dbsuiption put 'i lication 319 
adsotption sublimation 319 
itironi uo 0 iapliv 310 
eivvl illi/atuni (rom solulion 
bv eoohu a 317 
bv tv ipoiatton 317 
ttvsialli/iuon bv sublimation 343 
distillation 317 
liltidUnii 31/ 

mull mual sipaiation 31a 
inutimiit n in mitlium ol proper icfrac 
live index 31 1 
solum exit Jttion 34a 
siamm n methods 31a 
sinlauii., mil vet Hot un n 314 
ihiinidl dillusion 319 

Mm dm oi iu exainiiialii n of uaici S re 

lliolo n iial lx mi mat ion of Water 
Mieio lit i nut trie inorganic analysis 430-11 
M illt i indues 331 
Mixed ami jjI 
■nalwiv lor 


Mi 

Mi 


mini mil 5 j 6 
nitioMillurit and 5>0 
VilWmu Hid aaa 
UH ll dllllm a. 3 j»t 
.til Kids inalvsis of 53> 

.id aniline poim ol petroleum products 


Muddied sod is milvsisof Oil 
Mi hr uieiliod for thloiuk 2G3 
Moisture Si e also \V ater 
dilerimnation of 


hi aiuiiumiuin nuratc. 1311 
in Miiniomtini pcrclilotatt 1313 
in blael. jwwdcr 1285 
ill bljsung caps and ilcunc detonators 
1366 

m thvs and feldspars 2202 
ill coil and cuke 1130 
in dituimit 


Moisture determination of m dynamite 
(Cont ) 

by carbon tetrachloride distillation 
13a3 

bv karl Fischer titration 13al 
in explosives and propellants 
carbon tetrachloride distillation 
method 1239 
kail I ischer incthoil 1290 
oven drung at 100°C 1291 
vacuum oven drung at 5a“C 1291 
in fats 1115 
m nitioghccnn 1335 
in paper and papcibotrd 1801 
in paper pulp 1/61 
in plastics 2069 2093 
in primers 13G9 
in propellants 

by carbon tetrachloride distillation 
1374 

bv desiccation 1374 
karl I ivchcr titration 1405 
b> oven drung 1374 
in soaps anti detergents 
distillation method 2231 
oven method 2280 
in soils 2312 2319 
in 2 4 6 trinitrotoluene 1312 
in wood chips and mw dust 1727 
Moistmc equilibrium dtitimination o( 
in coal 1208 

Molecular volumes tclitnc table of I I'M 
Molecular weight 

micro dcici mi nation of 
rivoscopic method 410 
ebulliovtopic method 413 
lsoihcimal distillation method 4Ij 
thermoelectric method 413 
vapor ilensitv method 4>l 
Molvbdate test for 61 
Molvbd ue oran„c pigment 1693 
Molybdenum determination of 
in fcrromohbdcnum 802 
in iron ami steel 

alpha ben/om oxime method 70“ 9 
photometric method 711-3 
sulfide method 709-11 
m soils 23 2 j 

precipitauts for 106 135 156 
lest for 57 69 73 

Mono„1yceridcs dctcniunatum of in fan 
1107 

Moiuiron in pesticides 1881 

Morin 53 

Morphine 

eletcciion of in toxicology 2121 
determination of. in urine (toxicologvj 

Morphine derivatives detection of m «»» 
colog) 2121 tw q 

Morphology in chemical microseopv w-j 
M2> \ tar boil monoxide indicator I**- 
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Muntz metal, 866 

Mure\ide test for caffeine, 2122 

Nabam, in pesticides, 1884 
Naphthas. See Pen oleum and Petroleum 
Products. 

5,6-NaphthoquinoIinc. See / 3 -Xaphthoquin- 
olinc. 

fl-Naphthoquinoline, precipitant for metals, 
123 

Natural gas, see also Fuel gases, 
accmac\ and ptecision of, 1533 
analysis of, 

by gas chromatogiaphic method, 1534 
with mass spectrometer, 1532 
foi watei vapor, 1550, 1551 
Nasal lnass, 866 

NBR synthetic rubber, analysis of, 2172 
Ncbuion, in pesticides, 1884 
Ncocupfction, precipitant for metals, 124 
Neocuproin, 604, 690, 1310 
Neodymium, test for, 83 
Neon, detcimmntion of, in gas analysis, 
1531 

Neunalization \alue of pctioleum products, 
1985 

Nculial oil, determination of, in fats, 1424 
Niacin. Sec Nicotinic acid. 

Niacinamide. Sec Nicotinamide. 

Nickel, detcimination of, 
in aluminum metal, 1310 
in antimony, 912 
in antimony alloys, 912 
in In asses and bionzes, 826, 851, 871 
in copper-base alloys, 

dimethylgUoxinic method, 826 
dimcth\IgIyo\ime method, photo- 
metric, 851 

Routine lapid method, photometric, 
871 

in fats, 1520 

in Gei man siher, micio method, 433 
in ii on and steel, 

cyanide titiation method, 694 
dimetlnlgli oxime method, 691-4 
dimethy]glyo\ime method, photo- 
mcti ic, 695-9 
in lead, 912 
in lead alloys, 912 
in nickel-copper alloys, 882 
dimetlnlgly oxime electrolytic 
method, 882 

dimetlnlgly oxime gravimetric 
method, 881 

in soda-lime glasses, 2245 
in sodium lnclro\ide, 603 
in sulfmic acid, 551 
in tin, 912 
in tin alloys, 912 

precipitants for, 106, 1 12, 117, 118, 120, 
135, 119. 156, 157 
test for, 57. 81 


Nickel, test for (Cont.) 

in brasses and bionzes, 870 
in copper-base alloys, 870 
Nickel -copper alloys, 
analysis, 879 
analysis for, 
aluminum, 894 
cai bon, 890 
cobalt, 

alpha-nitroso-beta-naplithol method, 

883 

nitroso-R salt photometric method, 

884 
coppei, 

peichloiic acid electiolytic method, 
880 

sulfuric acid electrolytic method, 881 
iion, 

bichromate method, 886 
thiocyanate method, 887 
manganese, 

perrodate photometiic method, 889 
pcisulfate arsemte method, 888 
nickel, 

dimethylgly oxime electrolytic 
method, 882 

dimethy lgly oxime gi avimetric 
method, 881 
silicon, 

peichloiic acid method, 891 
sulfuric acid method, 892 
sulfur, 

direct combustion iodate method, 
893 

gia\ imetric method, S92 
Nickel ware, laboiatoiy, 19 
Nicotinamide, 2368 
delei initiation of, 

cyanogen bromide method, 2369 
nonaqueous titration method, 2369 
Nicotine, 

detection of, in toxicology, 2122 
determination of, in pesticides, 1885 
Nicotinic acid, 
detcimination of, 2366 

cyanogen bromide method, 2366 
titration method, 2366 
in mine, 236S 

Ninhydrin, reactions with amino acids, 923, 
939 

Niobium, deteimination of, 
in iron and steel, 724 

hydrolysis method, photometric, 727 
precipitants for, 106, 157 
test for, 57, 70 

Nioxime. See 1,2-Cyclohexanedionedioxime. 
Nitiate, 

detection of, in polymers and resins, 1633, 
1636 

deteimination of, 
in black powder, 1285 
in fertilize!, 1487 
in hydrogen peioxide, 1320 
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Nitrogen, determination of, in feitihzer 
(Cont ) 

titrnnctric method, 1488 
in seium, 112G 
in mine, 1 126 

Nitiogcn compounds, determination of, m 
gas analysis, 1553 

Nitrogen containing pol)meis, delennina 
tion of, in mbbei compounds, 2193 
Nitiogcn dioxide, tec also Nitiogcn Oxides, 
determination of, in fuming nitric acid, 
moditicd Bla) Warren pioceduic, 
1323 

Routine pioceduic, 1327 
Nitiogcn oxides, 
delci urination of, 
in air, G35 
in gas analysis, 155 1 
in inti ic acid, 5G2 
Nitiogl)cenn, 
analysis of, 1335 
detcimination ol, 
in duiamites, 13G3 
in piopcllants 

b) fenotis tiianous tuiation, 1391 
b) polaiograplnc method, 1395 
Nitio gioup, miciodcteuniiiation of, 414 
Nitiogiianidnic 
anahsis of, 1336 

detcimination of, in propellants, 

b) titanous chloride l eduction, 1394 
bj itatci extinction, 1393 
Nition, piecipitant foi anions, 125 
p Nitiosodipiicnjlaminc, 58 
Nitiosophen 5 lh)dio\)lamme Sll Cupfer- 
ron 

1 Nilroso 2 naphtliol, piecipitant foi 
metals, 125 

Nitroso R salt, 716, 884, 2242 
Nitrososulfuric acid, dcteimination of in 
mixed acid, 55G 

Nitrous acid, detcimination of, in nitric 
acid, 5G2 

Non iqucous titiations, 278-83 
foi analysis of cxplosncs, 1294 
detcimination of, 

acidic groups in oiganic compounds, 425 
animonium mtiatc in propellants, 1406 
bisic gioups in organic compounds, 126 
nicotnnmidc, 2369 
oiganic acids 282-3 

potassium mtiatc in piopcllants, 1398 
potassium sulfate in piopellants, 1399 
pwidoxme 2370 
indicatois foi, 279-82 
Nonfciious alloss See Indixidual Allots 
Notunitiating explosnes, tests foi, 1348 

Octjl amines, cxtiactants foi metals, 190, 
195 

Odois in uatei, 2520,2193 
due to microorganisms 2522 


Odois in uater (Cont) 
qualitatnc dcscnption of, 2494 
Oil, 
castor, 

identification of in paints 1 64j 
mfiaied absorption spectium of, 1712 
iodine numbei of 1 132, 1645 
lcfractuc index, 1432, 1645 
saponification numbei of, 1432, 1645 

coconut 

identification of in paints, 1645 
iodine numbei of 1432, 1615 
lefractne index, 1432, 1645 
saponification numbei, 1432 1615 
in soaps, 2289 
cotton seed, 1 132, 1645 
identification of in paints 1645 
iodine numbei of, 1432, 1645 
lcfractive index, 1432, 1645 
saponification number, 1432, 1645 
Kapok, 1432, 1433 
linseed, 

identification of in paints, 1645 
mfraied absoiption spectrum of, 1711 
iodine numbei of, 1432, 1645 
lefractne index of, 1432, 1615 
saponification numbei of, 1432, 1645 
manne, 1435 
oiticica, 

identification of in paints, 1645 
infrared absoiption spectium of, 1711 
iodine numbers of, 1645 
lefiactne index, 1615 
saponification numbei, 1645 
peanut, 1433, 1434 
sesame, 1432, 1433 
so) a, 

identification of in paints, 1615 
iodine number of, 1432, 1645 
lcfractive index, 1432, 1645 
saponification number, 1432, 1645 
teasccd, 1432, 1435 
tung, 

identification ol in paints, 1645 
inflated absoiption spectrum of, 1712 
iodine number, 1432, 1645 
refractne index, 1432, 1645 
saponification number of, 1432, 1645 
Oils, see also I ats, and Paints, Varnishes, 
and Lacquers, 
anal)sis for, 
soap, 

ashing method, 1422 
titnmctiic method, 1423 
chemical chaiactei istics of, 1615 
detection of, in paints, 1630 
fuel, see Petroleum and Pctioleum Prod 
ucts 

identifiable charactei istics of, 1431, 1615 
identification of, 1430, 1643 
lubricating, see Petroleum and Petroleum 
Products 
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Oils (Cont) 

ph) steal characteristics of, 1432, 1645 
vegetable, see Tats 
Oiticica oil, 1 
identification of in paints, 1645 
infrared absorption spectrum, 1711 
iodine number, 1645 
refi active index, 1645 
saponification number, 1645 
Oleum, 552, analysis for, 
impiu Hies, 559 
sulfur dioxide, 559 
sulfuric acid, 555 
sulfuious acid, 559 
total aciditv, 553, 554 
Olive oil pioperties of, 1432 
Open hearth iron, analysis of, 643 
Open hearth slags See Ferrous Slags 
Organic acids See also 1 atty acids, 
nonaqueous t mat ion of, 282-3 
Oiganic functional gioups, microdeteiraina 
tion ol, 404-29 

absoiption aflinitv of m chiomatography, 
219 

Organic precipitants, 101-32 
Orginic leagems, as piecipitants, 99, 101 
Organic solvents, physical properties of, 
196-9 

Organic sulfur determination of, in coal, 
1201 

Organisms in water See B icteriological 
Exwvawmwytv of Water 
Ornithine, detection of, 931 
Orsat apparatus for gas analysis, 1516 
Osmium, 

precipitants for, 106 
separation of, 206 
test for, 57 

Osmium tetroxide, catalyst, 272 
Osttvald viscosimeter, 2062 
Ovens See also Apparatus for Special Pro 
cedures 

drying, for microanalvsis, 361 
electrical, 19 
vacuum, 1294, 1415 

Oven dry methods, foi water determination, 
527 

Ovex, in pesticides, 1883 
Ovotran See Ovex 

Oxahte detection of, in toxicology, 2107 
Oxalic acid, analysis of, 593 
Oxidation reduction indicators, 269 
Oxides, precipitation of effect of pH, 93 
Oxme See 8 Hydroxy quinoline 
Oxirane oxygen compounds, determination 
of, 503 

Oxygen, 

absorbents for in gas analysts 1515 
absorption test foi stability of natural 
fats, 1427 
determination of, 
in coal and coke, 1168 


Oxygen, determination of (Cont) 
in flue and furnace gases, 1517 
in gas analysis, 1520 
in metals, 

capillary trap method with fusion in 
argon, 1601 

conductometric method with fusion 
in argon, 1601 

gas analysis, 1565, 1580, 1586, 1599 
by inert gas fusion, 1599 
by tin bath fusion in a nitrogen at 
mosphere, 1600 

by vacuum fusion technique, 1580 
1586 

in oiganic compounds, micro method 
386 

Oxygen consumed from permanganate, m 
water analysis, 2456 

Oxygen demand, 

biochemical (15 O D ) of water, 2458 
chemical (dichroinate) determination of, 
in water, 2455 

Oxygen, dissolved, determination of, m 
water, 2157 

Ozone, determination of, in air, 637 

Ozone, residual, determination of, in water, 
lodometnc method 2461 
orthotohdine arsemte (DTA) method, 
2462 


PABA. See p Aimnobcn/oic Acid 
Paints, xaruvshts, and tacqutn, avxlyxvs 
1616-1721 
alkvd resins, 1663 
analysis ot, 1649 

determination of in blends unit miino 
resins by saponification, 1664 
dicarboxvlic acid fraction (phthalic an 
hydride), 1650 

equivalent weights of, table, 1660 
fatty acid fraction, 1651 
polyhydnc alcohol fraction, 1655 
styrenated, 1658 
analysis for, 
acrylic resins, 1676 
binder, 1621 


nonvolatile contents, 1618 
pigment, 1621 
thinner, 1621 
volatile contents, 1618 
water, 1619 
binders, 

containing phenolic resms, 1668 
containing rosin, 1666 
identification oE, 1627 
infrared method, 1628 
sepal at ton and determination of, Ioj 
binder and pigment content, calculation 
of, 1625 

binder materials, 
detection of by infrared analysis. 
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P.ints binder materials, detection by infra- 
red analysis (Cont.) 
acrylics, 1630 
alkyd resins, 1630 
amino resins, 1630 
cellulosics, 1630 
epoxides, 1630 
latex polymers, 1630 
oils, 1630 

phenolic tesins, 1630 
plasticbeis, 1630 
rosin derivatives, 1630 
viny Is, 1630 

identification oE, see also individual 
binders, 

chemical and solubility classification 
tests, 1639 

qualitative and spot tests, 1632 
cellulose nitrate, 1670 

complete analysis of a surface coating, 
1701 

definitions, 1616 
determination of, 

(lash point, 1620 
weight per gallon, 1619 
latex paint, 
deteimination of, 
binder, 1627 
pigment, 1626 
water, 1627 
sepaiation of, 
binder, 1626 
pigment, 1626 
thinnei, 1626 
materials used in, 

infiared absoiption spectium of, 1708- 
21 

melamine resins, 1663 
determination of, 1664 
oils, identification of, infiared method, 

1628 

pigments, 

analysis of, 1680-1703 
yellow, orange, red and broivn pig- 
ments containing iron, 1698 
determination of, 1621, 1622 
colored pigments, table, 1682-3 
analysis of, 1697 
determination of, 

acid-insoluble aluminum and iron, 
1693 

acid-soluble calcium, 1693 
aluminum, 1702 
antimony oxide, 1695 
barium sulfate, 1692 
black iron oxide, 1701 
boneblack, 1701 

cadmium lithopone, yellow and red, 
1700 

carbonate, 1696 
cat bon black, 1700 
chiome green, 1699 
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Paints, pigments, determination of (Cont.) 
chrome orange, 1698 
chrome vellow, 1698 
chromium oxide, 1699 
graphite, 1702 
iron blue, 1699 
lampblack, 1700 
lead, 1692 

molybdate orange, 1698 
red lead, 1701 
sulfate, 1696 
titanium dioxide, 1690 
ultramarine blue, 1699 
zinc, 1694 
zinc dust, 1702 
zinc yellow, 1699 
identification of, 1680 
inorganic, 

elemental tests for, 1685 
identification of, 1685 
qualitative chemical tests for, 1685, 
1686-7 

spectroscopic and diffraction method, 
1685 

organic, 1684, 1688 
separation of, 1621 
white pigments, table, 1681 
white and tinted pigments, analysis of, 
1688 

plasticizers, identification of, 1640, 1641 
polymers, identification of, infrared 
method, 1628 

resins, identification of by infrared 
method, 1628 

sample, pieliminary inspection of, 1617 
thinneis, 1704 

identification and analysis of, 1703 
separation of, 1623, 1624 
used in solvent coatings, table, 1704 
urea lesins, 1663 
vehicle, 

analysis, 1641 
analysis for, 

binder mateiial, 1642 
drying oils, 1643 
infiared method, 1644 
by physical and chemical tests, 
1645 

extraction of, 1623 
extraction solvents, 1621 
non-volatile content (bindei), 1642 
Palladium, 

precipitants for, 106, 110, 112, 117, 118, 
119-20, 121, 135, 148, 157 
test for, 57, 72 

Palm oil, properties of, 1432 
Palm kernel oil, properties, 1432 
Pan indicator, 2238 

Panogen, determination of, in insecticides, 
1889 

Panogen 15, analysis for mercury, 1881 
Panogen 42, analysis for mercury, 1881 
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Panthenol, 2375 

Pantothenic acid 2375. see also calcium 
pantothenate, 
salts ol 2375 
Papei 

a nalx sis Cot 

icid soluble non, 1830 
alkali staining resistance of, 1833 
alpha beta and gamma cellulose 1819 
ash. 18U6 

casein (qualitative) 1808 

coating on mineral coated paper, 1799 

copper number 1828 

grease resistance turpentine test, 1837 

moist uie 1804 

pentosans, 1834 

pioteinaccous mtiogenous materials 
(qualitative) 1808 
leducible sulfur, 1797 
rosin 1800 
starch 1809 
titanium dioxide 1824 
colon metric method 1 827 
volumetric method, 1825 
water soluble acidity or alkalinity 1818 
conditioning for testing, 1795 
mineral coating and mineral filler, quail 
tame anal) sis of 1812 
pH of papei extracts, determination of 
1831 

sampling of 1794 
Paperboard See Paper 
Paper chromatograph) 221-2 See also 
Chromatograph) 

Paper pulp analysis for, 

alpha beta and gamma cellulose, 1751 
ash 1766 
cellulose 1745 
chlorine consumption, 1747 
moisture 1761 
pentosans 1774 
pitch 1755 
water solubilit), 1760 
determination of, 
copper number 
Jiao^Jjind rofJ.bcid J??f 
TAPPI method 1772 
cuprammomum disperse viscosit), 1756 
cupnethylenediamme disperse viscosity, 
1780 

Kappa number of 1838 
permanganate number, 1769 
sampling of, 1761 
solubility of, 

m one per cent caustic soda, 1767 
m sodium hydroxide, 1789 
Parathion, determination of, in pesticides 
1890 

Parfentjev ammonium sulfate reagent, 1093 
Paris green in pesticides, 1854 
Parr bomb method, for heat of explosion of 
explosives, 1286 


Partition chromatography, 219-20 
' Pamte ’ soda salt solution See Nabam 
Patton and Reeder indicator, 2237 
Paul) reagents for ammo acids, 932 
Peanut oil, 

determination of, m oils, 1434 
properties of, 1432 
test for, 1433 

Penetration test for bituminous substances 
9G3 

Penfield method for water determination 
528 

Pensk) Martens closed tester, 1923 
Pentacr)thritol determination of, in alk)d 
resins, 1655 

Penuerythntol dehydrated castor oil rosin 
varnish, infrared absorption spec 
trum of, 1714 

Pentner) thritol trinitrate, determination of 
in propellants 1395 
Pentosans determination of, 
in paper, 1834 
in paper pulp 1774 
in wood, 1742 
Pcichloiate, 

dctci mutation of in d)namites, 1358 
piccipuanis for, 109, 137 
test tor, in dvnamites 1358 
Perchlouc acid, anal) sis of, 571 
Peuodatc, 
precipitant* foi 109 
test for 61 

Permanent color standards, 
lor chlorine in water, 2418 
for visual ammonia estimation, 2152 
Permanganate, test foi 61 
Permanganate number of paper pulp 1769 
conversion to equivalent bleach consump 
non 1772 

Pcimisstblc variations in results in anal) 
sis of, 

coal and coke, 1171 
Portland cement 1054 
Peroxide value for fats, 1430 
Perox) gioup, microdeternunation of, 411 
Petriiexatp, test .far, f>J 
Persulfate, test for, 61 
Perthane, determination of, 1891 
Pesticides, 
aerosol insecticides, 

DDT, 1844 
melhox)chlor, 1844 
methylated aromatic petroleum den»a 
tne oils, 1844 

methyl naphthalene oils 1844 
nonvolatile ingredients, 1843 
piperonyl butoxide, 1844 
pyrethnns, 1843 
sesame oils, 1844 
analysis, 1843 
analysis for, 
aldrin. 
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Pesticides, analysis for, aldrin (Cont.) 
infraied method, 1845 
total chlorine method, 1845 
aiiethrin, 1845 

alpha-naphthyl thiourea in rodenticides, 
1848 

3-amino-l,2,4-tiia7ole in herbicides, 1848 
aiamite, 1849 
arsenicals, 1849 

ben/enc hc\achloride, gamma-isomer, 
by paitition chiomatography, 1856 
b\ total chlorine method, 1857 
calcium aisenate, 1852 
calcium cyanide, 1858 
captan, 1858 
ceresan, 1859 
chloiinc, 1860 
chlorobemilate, 1860 
chlorthion, 1863 
CMU, 1863 
ciyolite, 1864 
cube, 1864 
c\ an ides, 1903 
2,4-D, 1864 

DDT, total chlorine method, 1866 
DDT in dusts, infrared method, 1865 
DDT in insecticidal ponders, colori- 
meuic method, 1865 
demeton, 1866 
deiris, 1866 
dia/inon, 1866 

dibutt 1 o\alate in indalone or 6-2-2 re- 
pellant mixture, 1866 
dicldiin, 

total chlorine method, 1868 
by paitition chiomatography, 1867 
X, N -diethy l-»i -toluamide, 1868 
diphacinone, 1869 
disodium cndothal, 1869 
diuion, 1870 
DN compounds, 1870 
cndiin, 1871 
EPN, 1871 

ethslcncchlorobiomide, 1871 
ethylenedibromide, 1871 
cthslenc dichloride, 1871 
ethylene oxide, 1872 
2-cthyl-l,3-he\anediol, 1871 
fenuron, 1872 
feiham, 1873 
fluorine, 1878 
formaldehyde, 1878 
fumarin, 1879 
genite, 1879 
guthion, 1879 
heptachioi, 1880 
lead aisenate, 1853 
lignasan, 1859, 1880 
lindane, 1880 
malathion, 1880 
maneb, 1881 
mcrcurs, 1881 


Pesticides, analysis for (Cont.) 
methoxychlor, 1883 
methyl bromide, 1883 
methyl parathion, 1881, 1890 
monuron, 1884 
nabam, 1884 
neburon, 1884 
nicotine, 1885 
o\ex, 1888 
panogen, 1889 
paiathion, 1890 
peithane, 1891 
phenothia/ine, 1891 
phot ate, 1891 
organic phosphotus, 1891 
Palis green, 1854 
phosphoius pastes, 1892 
pisal, 1894, 1895 
pivalyn, 1895 
potassium cyanate, 1896 
potassium cyanide, 1897 
pyiethrum powder, 1897 
iotenone, 1899, 1901 
sabadilla, 1901 
schradan, 1902 
sevin, 

infraied method, 1902 
ultras iolet method, 1902 
sodium chloiate, 1903 
sodium dimethyldithiocaibamate, 1901 
sodium fluosilicate, 1878, 1904 
sulfenone, 1904 
sulfotepp, 1904 
2,4,5-T, 1864 
TDE, 1904 

tetiaethsl pyiophosphate, 1904 

tetrameths ltliiuram disulfide, 1906, 190S 

thallous sulfate, 1908 

thiocyanates, organic, 1886, 1887 

thiodan, 1909, 1910 

thiram, 1910 

toxaphene, 1910 

trithion, 1910 

warfarin, 1910, 1911, 1912 

zinc arsenite, 1855 

zineb, 1912 

Petroleum. See also Petroleum and Petro- 
leum Pioducts. 
determination of, 

API giasity, 1926 
distillation pioducts, 1929 
fire point, Cles eland open cup, 1918 
flash point, 

Cles eland open cup, 1918 
Penshy -Martens closed tester, 1923 
tag closed testei, 1913 
Sat bolt tiscosity, 1943 
distillation of, crude, 1938 
Petroleum naphtha, solubility test for bi- 
tuminous substances, 988 
Petroleum and petroleum products. See 
also Petroleum. 
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Petroleum and petroleum products (Cont) 
anal) sis, 1913 
anal) sis for, 
ash, 1998 

Conradson carbon residue, 1993 
copper strip corrosion, 1999 
existent gum, 1967 
mercaptans, 2006 
sediment, 1975 
sulfur, 

bomb method, 2012 
b) lamp combustion method, 2019, 
2031 

tetraeth)llead, 2009 
water, 1972, 1975 
determination of, 
aniline point 1979 
cloud point, 1963 

dilution of engine crankcase oils, 201 6 
neutralization value (acid and base 
numbers), 1935 
pour point, 1963 
specific gravity, 1950 
vapor pressuie, Reid method, 1953 
distillation of petroleum products, test 
conditions table of, 1930 
Doctor test for sulfur compounds, 2005 
PGA See Folic Acid 

pH See also Hvdrogen ion concentration 
colorimetric determination, 284-306 
apparatus, 300-6 
in buffered materials 294 
effect of chloride 300 
effect of proteins, 298 
effect of salts 296-7 
elfect of temperature, 299 
method, 294-306 
in unbuffered materials, 295 
determination of, 
in blood, 1110 
in paper extracts, 1831 
in soaps and detergents, 2308 
in soils 2328 
water, 2462 

effect on precipitation of hydroxides and 
crudes, S3 

effect on precipitation of metal 8 hydroxy- 
quinolates, 100 

electrometric determination, 307-17 
direct reading pH meter, 308-9 
electrode systems, 310-7 
potentiometnc method 307-8 
and hydrogen ion concentration, 1833 
and pOH, 1833 
pH meter, 303 

1,10 Phenanthroline, 872, 911, 2244, 2435 
Phenol, 

detection of, in toxicology, 2114 
determination of, in toxicology, 2143 
Phenolic modified linseed oil, infrared ab- 
sorption spectrum of, 1712 


Phenolic resins, 
detection of, 
in paints, 1630, 1668 
in pohmers and i osins, 

Gibbs test, 1634. 1637 
Swann test, 1634, 1636 
Phenols determination of, 
in air, 642 
in water, 2164 

l'henothiazinc, determination of. in cevti 
cides, 1891 v 

Phenylalanine, determination of, 947 
l’henylarsmeoxide, 2420 
Phenylarsonic acid, precipitant for metals 
111 

p Phenylphenol formaldehyde, infrared ab 
sorption spectrum of, 1713 
Plieny lthiohv dantoic acid, precipitant for 
metals, 126 

Phoratc, determination of, in pesticides 
1891 

Phosphatase, alkaline and acid determina 
lion ol, in serum, 1112 
Phosphate See also Phosphoius 
determination of, 
in hvdrogen peroxide 1320 
in so ips and detergents, 2304 
tnwatei 2467 
precipitants for, 137, 158 
test for 61 

Phosphor bronze 866 867 
Phosphonc acid, 
analvsis foi 

heavv metals 584 
impurities, 584 
sulfate 584 
commeitial types, 583 
concentration determination of, 583 
determination of, 

in hydrochlouc acid, 568 
in nitric aud, 563 

specific gravity composition table of, 622 
Phosphorus See also Phosphate 
detection of, in toxicology 
determination of, 

3>aihbih}) in soiSs, 
bicarbonate extiaction method, 2335 
fluoride extraction method 2334 
modified Truog method, 2334 
m brasses and bionzes, 832 
in coil and coke ash, 1159 
in copper bise allovs, 832 
in deoxidized copper, 853 
in fats, 1423 
in ferromanganese, 773 
in ferromolybdenum, 806 
in ferrosihcon, 766 
in ferrotungsten, 793 
in ferrous slags, 2268 
in ferrovanadium, 786 
in fertilizers, 1490, 1496 
in non and steel. 
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Phosphorus, determination of, in iron and 
steel (Cont.) 

alkalitnetric method, 670-2 
molybdate-magnesia method, 666-70 
molybdenum blue method, 672-5 
in manganese-silicon, 773 
in organic compounds, micro method, 
399 

in pesticides, pastes, 1892 
in phosphorized brasses, 853 
in silicomanganese, 773 
in soils, 2322 
in toxicology, 2144 
in tungsten metal, 793 

Phosphorus, available, determination of, in 
fertilizers, 1499 

Phosphorus, citrate-insoluble, determination 
ot, in fertilizers, 1497 

Phosphorus, inorganic, determination of, 
in serum, 1115 
in urine, 1115 

Phosphorus, organic, determination of, in 
pesticides, 1891 
Phosphorus, total, 

determination of, in fertilizers, 
molybdophosphate method, 1491 
quinolinium molybdophosphate 
method-gravimetric, 1496 
quinolinium molybdophosphate 
method-titrimetric, 1494 
spectrophotomctric method, 1492 
Phosphorus, water-soluble, determination 
of, in fertilizers, 1496 

Phosphorus pentoxide, determination of, in 
Portland cement, 1067 
Phosphotungstic acid, 947 , 2120 
o-Phthalate alkyd resins, detection of, 1633, 
1635 

Phthalate ester, determination of, in pro- 
pellants, 1396 

Phthalic acid, precipitant for zirconium, 126 
Physical constants of organic solvents, 196-9 
Physiological elfects of carbon monoxide, 
1558 

Phytonadione. Sec Vitamin IC,. 

Picrite. Sec Nitroguanidine. 

Picrolonic acid, precipitant for metals, 126 
Pig iron. See also Iron and Steel, 
sampling of, 647 

Pigments in paint. See also Paints, Var- 
nishes and Lacquers, 
colored pigments used in paints, table of, 
1682-3 

inorganic, qualitative tests for, table of, 
1686-7 

white pigments used in paint, table of, 
1C81 

white and tinted pigments, 1688 
Pine oil, 1802 

Piperonyl butoxide in aerosol insecticides, 
1844 

Pipets, capacity tolerances for, 12 


Pitch. See also Bituminous Substances. 

determination of, in wood pulp, 1755 
Pival, determination of, in pesticides, 1894, 
1895 

Pivalyn, determination of, in pesticides, 1895 
2-Pivalyl-l,3-indandione. See Pival. 
2-Pivalyl-l,3-indandione, sodium salt. Sec 
Pivalyn. 

Plankton in water, 2519 
control of growth, 2539 
Plasma, 
analysis for, 

amino acids, 1077 
ammonia, 1078 
carbon dioxide, 1085 
creatine, 1091 
creatinine, 1091 
lipids, total, 1106 
salicylate, 1119 
Plasticizers in paint, 
detection of, 1630 
identification of, 1640 
Plastics, 2034 
analysis for, 

acrylonitrile monomer, 2063, 2064 
additives, 2044 
inorganic, 2045 
organic, 2045 
surface, 2044 
ash, 2084, 2099 
benzoyl peroxide, 2091 
butadiene-styrene copolymers, 2065 
carbon black, 2085 
chloride, 2070, 2102. 
chlorine, total, 2072 
2,6-Di-tert-butyl-p-cresol, 2067, 2084 
metallic impurities, 2048 
methyl methacrylate monomer, 2089 
methyl salicylate, 2091 
moisture, 2069, 2098 
plasticizers, 2059 
polyether-type emulsifiers, 2051 
polyvinyl acetate, 2075 
polyvinyl chloride, 2075 
styrene monomer, 2056, 2058 
sulfated or sulfonated emulsifiers, 2050 
titanium, 2084 
vinyl acetate, 2077 
vinyl acids, 2092 
vinyl alcohol, 2076 
determination of, 
density, 2080 
index of refraction, 

microscopic method, 2053 
refractometric method, 2052 
molecular weight distribution, 2046 
specific gravity, 
of finished plastics, 2053 
of unfabricated plastics, 2054 
viscosity of solutions of, 2060 2065 
2073,2079,2086,2100,2103 
weight fraction distribution, 2046 
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Plastics (Com ) 
identification of, 
b> gas chromatogiaphy, 2041 
by infrared spectrometry, 2036 
molecular weight measurements, 2047 
sample for analssis, 
preparation of 2044 
preparation of addmse free sample, 
2044 

solsents for 2046 
l) pes of 
acrslic 2068 
acrs I ic copol \ mei s 2093 
cellulose acetate 2098 
ethsl cellulose 2101 
polsethslene 2080 
polsmcthsl methacrylate 2088 
polsstsrene 2035 
polsunsl chloride, 2068 
stsrene 2053 

sts retie acrs lom trite copolsm^ ts ,206l 
stsrene rubber plastics 2065 
uml chloride uml acetate copolymers, 
2075 

sinshdene chloude uml chloride co 
poll i tiers 2079 

Plastic flow resistance to of bituminous 
substances 1004 1009 

Plastic properties of coal b\ Git rS eler plas 
tometer 1246 
Plastic ware laboratory 19 
Platinum 

precipitatus for 106 135 
test for 57 72 

Platinum ware laborators 18 
pOH, 

and hidrogen ion concentiatioti 1833 
and pH, 1833 

Poisons, 2106 See olio lmlmdujJ Poisons 
bodi materials for toxicological analysis 
2106 

chloroform soluble, 2115 
detection of in toxicology, 2114 
acetone, 2112 
aconitine 3)23 
alkaloids, 2119 
arsenic, 2108 
atropine 2121 
barbiturates 2122 
caffeine 2122 
carbon monoxide 2109 
cocaine, 2121 
cresols, 2114 
ci nude 2107 2111 
ethanol, 211° 
ethylene glycol, 2109 
fluonde, 2107 

formaldehide, 2112 

isopropyl alcohol, 2114 
mercury, 2108 
methanol, 2113 


Poisons, detection of (Cont) 

mor phme and morphine dematnes, 

nicotine, 2122 
oxalate, 2107 
phenol, 2114 
phosphorus, 2114 
quinine, 2122 
reducing sapors, 2 108, 21 13 
salicylic acid, 2123 
strychnine, 2120 
determination of, m lnxirDloo™ 
acetone, 2139 
alkaloids, 2124 

by ultras iolet spectrophoiometric 
analysis, 2124 
arsenic 

Gutreit method, 2129 

method of Ramberg and Sjostrom, 2126 

barbiturates 

modified method of koppanyi cl a! , 
2130 

ultras iolet spectrophotonietnc 
method, 2131 
boric acid 2131 
carbon monoxide, 2132 
esamde, 2135 
eilianol, 2136 
ethylene glycol, 

method of Harder and Fornes, 2I3H 

method of Lehman and Newman 
2138 

isopropyl alcohol 2139 
lead, 2140 
mercurs, 2142 
methanol, 

dichromate method, 2143 

modified \\ right-Elsoie method 
2143 

morphine in urine, 2125 
phenol, 2143 
phosphorus, 2141 
salicylic acid, 2144 
thallium, 2145 
solatile poisons, 2110 
/Wanograpfirc rfecerrnrna crons 
apparatus, 902 
method 

nitroglycerin m propellants, 1395 
penlaerslhritol trinitrate in propel 
lants, 1395 
sitamin k 
zinc in alloys 
Polenske salue, 1462 
Polyacrylonitrile, 

identification of, by infrared spectrometrv, 



Polyethslene, 
analysis of, 2080 

identification of, by infrared spectrometry 
2039 
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Polyethylene (Cont.) 

infrared absorption spectuim of, 2039 
Poly isobutylene, determination of, in rub- 
bei compounds, 2198 

Polymeis. See also Paints, Plastics, and 
Rubbei and Rubbei products, 
detection of, 1628, 1632 
qualitative and spot tests, table, 1633 — 4 
Polymethyl aciylate, inflated absoiption 
spectiuni of, 20-10 
Poly methyl methaciylate, 
analysis of, 2088 

inflated absorption spectrum of, 1718, 
2040 

Poly methyl inethaciylate-butyl methaciylate, 
inflated absoiption spectuim of, 
1719 

Poh methyl methaciylate, phthalate estet 
plasticized, inflated absoiption 
spectuim of, 1719 
Polunoiphisnt, 332 

l’olypiopylene glycol, analysis of, 1337 
Poly sty lene, 
analysis of, 2055 

identification of, by inflated spectiometiy, 

2037 

inflated absorption spectiuni of, 2037 
methanol-soluble matciial, 2055 
Poly sty icne-butadiene, infiaied absorption 
spectiuni of, 1721 

Poh sty rene-i ubber blend, infiaied absoip- 
tion spectuim ol, 2037 
Polyvinyl acetate, 
deteunmation of, in plastics, 2075 
identification of, by infiaied spectiometiy, 

2038 

infiaied absorption spectuim of, 1721, 
2038 

Polyvinyl alcohol, 

identification of, by infiaied spectiometiy, 
2038 

infiared absoiption spectuim of, 2038 
Polvvinvl chloride, 
analysis of, 2068 

detci initiation of, in plastics, 2075 
identification of, by inflated spectrometry, 
2038,2039 

infiaied absoiption spectuim of, 1717, 
2038 

Polvvinvl chloiide-acetate, infiaied absoip- 
tion spectrum of, 1718 

Polvvinvl chloride-acetate-maleate, infrared 
absoiption spectuim of, 1718 
Polyvinyl chloiide, phthalate ester plasti- 
cized, inflated absoiption spectrum 
of, 1717 

Polv v inv lidene chloride, 
identification of, by infiared spectiome- 
try, 2039 

infrai ed absoiption spectrum of, 2039 
Polvunsatuiatcd fattv acids, detei initiation 
of, in fats, 1470 


Porcelain leak for gas analysis, 1573 
Poitland cement. See Cement, Portland. 
Potassium, 
determination of, 

in borosilicate glasses, 2254 
in cement raw matciials, 1076 
in clays and feldspars, 2264 
in fertilizers, 

flame photometiic method, 
diiect intensity, 1501 
internal standaid, 1503 
tetiaplienylboion method, 1499 
in lead glasses, 2249 
in Poitland cement, 1063, 1076 
in piopellants, 

by (lame photometric method, 1376, 
1398 

by tetiaplienylboion method, 1400 
in quaitz sand, 2260 
in seium, 1 122 

in soda-lime glasses, 2234, 2240 
in soils, 2321, 2326 
in vvatei, 2470 

piecipitants foi, 107, 136, 158 
test foi, 57, 78 

Potassium acid phthalate, as alhalimetiic 
standard, 261 

Potassium carbonate, analysis of, 610 
Potassium chlorate, 
determination of, 

in blasting caps and electiic detonators, 
1366 

in piimeis, 1369 

Potassium cyanate, determination of, in 
hei bicides, 1896 

Potassium cyanide, deteimination of, in 
pesticides, 1897, 1903 
Potassium dichromate, 
standaid solution of, 271-2 
titiations with, 271-2 
Potassium hydroxide, 
analysis of, 607 
commeicial forms of, 607 
Potassium iodide-staich test, for stability of, 
nitrocellulose, 1333 
explosives, 1295 
nitroglyceiin, 1336 

Potassium nitiate, deteimination of, in pro- 
pellants, 1398 
Potassium oxide, 
determination of, 

in cement law mateiials, 1076 
in Portland cement, 1063 
Potassium peimanganate, 
standaid solution of, 270—1 
titiations with, 270-1 

Potassium salts, determination of, in pio- 
pellants, 1398 

Potassium sulfate, determination of, in pro- 
pellants, 1399 

Potentials, standaid reduction, 168 
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FotenMwneinc titrations, apparatus, <361 
Potentiostat, 172 

Four point for petroleum and petroleum 
products, 1963 

P P factor See Nicotinic acid 
Praseod wm uni, test for, 82 
Prccipitants 
for anions, 
inorganic 137-8 
organic. 1 09 

for chemical microscopy, 339 
(or metals, 
inorganic 132-7 
oi game, 102-32 
Piea pita tes, 
collection of, 243 
drung of, 245 
ignition of, 245 

thermal stability of (table), 247-53 
Hashing of 243-5 
Piecipitation, 
lwth butler solutions 96 
ellect of change of hxdrogen ion on. 92 
in homogeneous phase, 139-49 
with inorganic reagents in presence of 
EDT \ 133 

reagents used to delect inoiganic ions. 339 
with shghtlv soluble owdes and carbon 
ates. 94 

with weak organic bases 95 
Pi capitation ot metals, 
as hvdrowdcs 92 
bv 8 hvdroxvqiunoline 100 
with organic reagents 99 101 
as owdes fiom si long acids 98 
bv reagents that lean with the hvdrogen 
ion 97 

with sodium hvdrowcle, 97 
as su)H(les 99 

Preasion of aml'tical determinations, 318- 
20 

Frecision and accuracv of mass spectrometer 
analvsis with natural gas 1533 
Pregnanediol, determination of, 1116 
Pressure of gases, measurement of, by 
McLeod gauge, 1587 

Primers, 
anal » sis of, 
qualitative, 1368 
quantitative 1368 
composition of, 1367 
noncorrosive tspes, 1367 
Probabilitv sampling, 22-7 See also Sam 



Prohne, detection of, 931 
Propellants See also Explosives 
anahsis, 

general methods, 1286 
b) infrared spectrophotometry , 1355 
anahsis for, 
ammonium nitrate. 


Propellants, anal) sis for, ammonium m 
trate (Cont) 

b> formaldehyde method, 1406 
b) Kjeldahl method, 1406 
by nonaqueous titration, U06 
ammonium perchlorate, 
b\ ferrous reduction method, 1407 
b) formaldehyde method, 1406 
by kjeldahl method, 1406 
banuin nitrate, 1375 
calcium, 

by EDTL titration, 1376 
bv flame photometer method, 1376 
morpholine method, 1375 
carbon black, 

grawmetnc method, 1378 
photometric method, 1377 
cellulose acetate, 1379 
cvclotrimethv lenetnnitramine, 1381 
dicthvl phthalate, 1382 
dinitrotohiene 1383 
diphenslamine, 1385 
ethvl centralite 1385 
graphite, 1378, 1385 

grawmetnc method, 1401 
hvgroscopicitv 1288 
lead compounds, 1389 
moisture. 

b\ carbon tetrachlonde distillation 
J374 

b\ desiccation, 1374 
karl Fischer titration 1405 
b\ oven dning 1374 
nitrocellulose, 

b\ fenous tuanous titration 1390 
gravimetric method. 1389 
2 mtrodiphenvlamine, 1391 
nitroglycerin, 

b y lerroiis tuanous iteration, 1391 
bv polarogTaplnc method, 1395 
nitroguamdine, 

bv tuanous chloride reduction, 1391 
by water extraction, 1393 
pentaery thritol trinitrate, 1395 
phthalate esters, 1396 
potassium, 

flame photometric method, 1376 1398 
bv gravimetric method, 1398 
by tetraphenylboron method, 1400 
potassium nitrate, 1398 
potassium sulfate, 1399 
sodium, 1376, 1400 
stability, 

by Taliam test, 1296 
vacuum stability test, 1298 
sulfate, 1400 
tin, 

gravimetric method, 1401 
by lodometnc method, 1401 
tin dioxide, 1402 
tnacetin, 1402 
composite, analysis of, 1405 
definition of, 1283 
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Propellants (Cont.) 
liquid, 1371 
solid, 1371 

nitiocellulose-base, analysis of, 1371 
sampling of, 1371 

Propellants, solid rocket, determination of 
strand burning rate, 1299 
Piopylenediamine, precipitant for metals, 
127 

Proteinase, determination of in duodenal 
contents, 1126 

Pioteins, 

amino acid analysis of, 920 
detection of, in paper, 1808 
determination of, in natural ciude rubber, 
2163 

hydrolysis of, 921 

Protein hydrolyzates, ammo acid analysis of, 
920 

Proteins, total, determination of, 
in serum, 1 117 
in spinal fluid, 1117 
Ptotozoa in water, 2520 
Pteroglutamic acid. See Folic Acid. 

Pulp See Papei. 

Puherizing and mixing, micio method, 362 
P) retln ins in aerosol insecticides, 1843 
Pyretbrin I, determination of, 
in py rethrum extiacts, 1898 
in py rethrum powder, 1897 
Pyretluin II, determination of, in p) re- 
thrum powder, 1898 

Pyiethrum extracts, analysis foi, pyiethrin 
I, 1898 

Pyrethuim powder, 
anal) sis for, 
pjiethrin I, 1897 
pucthrin II, 1898 

Pyridine, piecipitant for meta’s, 127 
P) i idine-pyrazolonc reagent, 2428 
Pyridoxine, 2369 
detei urination of, 
colorimetric method, 2370 
nonaqueous titration method, 2370 
spectrophotometric method, 2370 
Pyridoxine chloride. See Pyridoxine. 
l-(2-pyridylazo)-2-naphthol, 2282 
l’yritic sulfur, 

determination of, in coal, 1199 
diiect method, 1199 
titanous chloride method, 1200 
Pyrocellulose, determination of, 
graumetric method, 1332 
\olumetric method, 1332 
Pyrogallol, precipitant for, 
antimony, 127 
bismuth, 127 

niobium and tungsteh, 728 
as reagent for oxygen, 1515 

Qualitatirc analysis, 
an iluical groups, 63 


Qualitathe analysis (Cont.) 
chemical microscopy, 326 
ling o\en method, 84-6 
spot tests, 54, 59 

systematic procedure for the metals, 64-83 
Quartz sand, 
analysis, 2259 
analysis for, 

aluminum, 2260 
calcium, 2260 
magnesium, 2260 
nonvolatile residue, 2259 
potassium, 2260 

total R0O3 (AloO^, re20g, TiOo, ZrOo), 
2259 

silicon, 2259 
sodium, 2260 
Zirconium, 2260 
Quartz uaie, laboratory, 18 
Quinaldic acid. See Quinaldinic acid. 
Quinaldinic acid, precipitant for metals, 127 
Quinhy drone electrode for pH measure- 
ment, 312 

Quinine, detection of, in toxicology, 2122 
Quinoline, solubility test for bituminous 
substances, 993 

Quinoline-8-caiboxslic acid, precipitant foi 
metals, 128 

8-Quinolinol. See 8-Hydroxy quinoline. 

Radioactivity, detei mination of, in water, 
2470. See also Water. 

Ramberg and Sjostrom method for arsenic, 
in toxicology, 2126 
Rapeseed oil, properties of, 1432 
Rare earths, 

detei mination of, in iron and steel, 750 
precipitants for, 148 
test for, 81-83 
Raspail test for losin, 1800 
Rational indices, 331 

RDX. See Cyclotrimethylenetrinitramine. 
test for, 1347 

Reagents. See Index of Reagents, page 2610. 

Red lead pigment, 1701 

Red pigments. See Pigments. 

Redox indicators, 270 

Reducing lapors, detection of, in toxicology', 
2108,2113 

Reduction potentials, standard, 168 
Reductor, Jones, 421, 439, 776 
Reference electiodes, for pH measutements, 
310-2 

Refining loss test, for oils, 1426 
Refractive index, 

in chemical microscopy, 332, 334-8, 344, 
of fats, ^1447 

Reichert, Meissl value of fats, 1463 
Reid vapor pressure of petroleum products, 
1953 

Relative molecular volumes, table of, 1523 
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Rcnard method for determination of pea 
nut oil, 1434 

Reproducibility of analytical determina 
tions, 318-2 

Resins See aha Jon exchange and Paint, 
\armsh, and Lacquer 
detection of 1628, 1632 
qualitative and spot tests, 1633—1 
Resistance to dcfoimttion of bituminous 
substances 1009 

Resistance to plastic flow of bituminous 
substances. 1004, 1009 
Ri \ alues of amino acids, 934-5 
Rhenium, 

prccipitants for 107,136 
test ioi 57 

Rhodamine B, 55, 56 
Rhodium test for 58 72, 74 
Rhodizomc acid, 58 
Riboflaun, 2362 
deteinunauon of, in urine, 2365 
Ring anti ball method, for bituminous sub 
stances 968 

Ring o\en in chemical analysis, 84-6 
Road oils, 976, 979 
Rocks See also Silicate Rocks 
analvsts ot, 2227 
Rodenticides See Pesticides 
Roofing loll See Bituminous Substances, 
fabrics 

Rosins, 

color characteristics of, 1801 
detection ol, 
in paper 1800 

m polymers and resins, lb34, 1638 
determination of, 
in paint bindeis, 1667 
in paints tarnishes, and lacquers, 1666 
in paper 1802 

Rosin deriv lines in paint, detection of, 
1630 1634 

Rosin glycerol ester, 1801 
Rosin maleate, 1801 
Rotenone, 
determination of 

in cube ponder (pesticides), 1899, 1901 
in Dei ns (pesticides) 1899 1901 
Rotifers in water, 2520 
Roulette compaiator fot pH determination, 
304 

Rounding data 324 
Rubber and rubber products, 2146 
anahsis 2149 
scheme of, 2150 

Rubbci, chlorinated, detection of, 1634, 
1639 

’Robber, *ude, 2146 
natural rubber, 
analysis, 2151 
anahsis for, 
acetone extract, 2156 
ash, 2151 


Rubber, crude, natural rubber, analysis for 
(Cont ) ' 

copper, 2153 
dirt content, 2157 
iron, 2155 

isoprene polymer, 2161 
manganese, 2153 
protein, 2163 
volatile matter, 
distillation method, 2158 
oven method, 2158 
synthetic rubber, 
analysis, 2176 
analysis for, 

antioxidant in SBR rubbers, 
mixed alkylated phenols method 
2185 

solvents and test conditions, table 
of, 2184 

ultraviolet absorption of rubbei 
extract. 2185 

ultraviolet absorption of rubber so 
lution, 2183 

ash total in SBR rubbers 2177 
ash water soluble, tn SBR rubbeis 
2178 

bound stviene in SBR, 2169 
carbon black in mastcrbatch of SBR 
rubbers, 2179 

chlorine in CR rubbers 2174 
ETA extract of SBR lubbeis 2188 
nitrogen in \BR rubbeis 2172 
organic acid in SBR rubbers 2181 
soap in SBR rubbers 2182 
volatile matter in SBR rubbers 
hot mill method, 2176 
mill oven method, 2177 
composition of, 2169 
identification of, 

confirmatory tests, 2167 
infrared absorption method, 21bb 
by pv roly sis products, 2165 
by spot tests, 2166 
Rubber compounds, 
analysis 2190 
anahsis for 

acetone extiact, 2204, 2205 
alcoholic potash extract 2204, 2206 
aluminum oxide, 2216 
atunnonv, total, 2220 
ash. 2214 

barium as baiium sulfate 2219 
barium carbonate, 2220 
calcium oxide, 2217 
carbon, free, 2223 
cellulose, 2224 

chlorine containing polymers, 2193 
chloroform extract, 2201,2205 
fillers, inorganic, total, 
ash determination method 2214 
rubber solvent method, 2212 
glue, 2223 
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Rubber compounds, analysis for (Cont.) 

HR or polyisobutylene, 2198 
iron oxide, 2216 
lead oxide, 2216 
magnesium oxide, 2218 
mineral oil, 2205, 2207 
natural or synthetic isoprene polymers, 
2193 

nitrogen-containing polymers, 2193 
nonrubber components, 2202 
polymer content, 2193 
rubber polymer content, 2201 
silicon dioxide, 2215 
sulfur, 

fusion method, 2211 
zinc-nitric acid method, 2210 
sulfur, free, 2208 
acetone extract, 2209 
sodium sulfite method, 2209 
sulfur, inorganic (antimony absent), 
2211 

styrene-containing polymers, 2194 
titanium dioxide, 2221 
total extract, 2204, 2205 
unsaponifiable acetone extract, 2205, 
2207 

waxy hydrocarbons, 2205, 2207 
zinc oxide, 2218 
samples, preparation of, 2190 
tests for, 

accelerators, 2224 
antimony, 2203 
antioxidants, 2224 
barium salts, 2203 
carbonate, 2203 
carbon black, 2203 
factice, 2203 
glue, 2203, 2223 
lead, 2203 

waxy hydrocarbons, 2203 
Rubber polymers, 
identification of, 2191 
nomenclature, 2148 
Rubber products, nature of, 2147 
Rubidium, 

prccipitants for, 107, 136 
test for, 58, 77 

Sabadilla, determination of, in pesticides, 
1901 

Safflower oil, properties of, 1432 
Sakaguchi reaction loi arginine, 929, 945 
Salicylaldoximc, precipitant for metals, 
128-9 - • ~ ; 

Salicylate, determination- of, : 

in blood, 1119 

in plasma; 4119— - -- - 

in serum, 1119 ---- 

Salicylic acid, -- 

analysis of, 597 - ---- . 

detection of, in toxicology, 2123 
determination of, in toxicology, 2144 ' 


Samarium, test for, 83 
Sampling, general methods, 21-52 
methods for, 
gases, 1507 

apparatus for measuring, 1512 
collection procedures, 1512 
containers, 1508 
containing fluids, 1511 
metering samples, 1511 
sample lines, 1510 
size and type of sample, 1508 
liquids, 39-51 
apparatus, 43, 44, 45, 47 
general requirements, 39 
heterogeneous liquids, 49 
precautions, 39 
procedures, 
continuous, 47 
automatic, 48 
devices for, 48 
nonautomatic, 48 
manual, 

all-levels sampling, 42 
bottle-sampling, 42 
dipper-sampling, 46 
thief-sampling, 45 
top-sampling, 45 
tube-sampling, 45 
samples, . 

handling and transporting, 40 
identification of, 40 
preserving sample composition, 39 
types of, 40—42 
solids, 28 

minimum amount or weight of incre- 
ment, 28 

minimum number of increments, 30 
minimum number of samples, 30 
preparation of the sample, 32 
bulk sample, 35 
crushing and grinding, 33, 35 
equipment, 35 
equipment check tests, 36 
mechanical sample dividers, 37 
probability sampling, 

concepts of universe and sample units, 
22 

difficulties encountered, 26 
estimation of sample precision from test 
results, 25 

random selection, 25 
sample size, calculation of, 
equations for, 
single-stage sampling, 23 
(wo-stage sampling, 23 
: - -information required, 23“ 
p imposes of,- - ■ 

judging acceptability,^ 
detecting contamination, 21 
identifying materials, 21 - 

Sampling, sp’ecial methods and materials, 
for microchemical analysis, 361-5 
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Sampling (Cont ) 
of bitumimzed fabrics, 1020 
of black powder, 1285 
of coal, 1137 

classed according to ash content, 1137 
commercial procedures, 1139 
for determination of volatile matter, 
1218 


preparation of laboratory samples, 1145 
special moisture sample, 1144 
special purpose procedure, 1140 
standard moisture sample, 1142 
for total moisture, 1142 
of coke, 

for analysis, 1137, 1260 

laboratory samples, preparation of. 


1145 
of fats 1411 
of ferro alloys 758-63 
of femlizers 1483 
of glasses, 2227 
nitric acid fuming, 1325 
of paper, 1791 
pig iron, 647 
of plastics, 2014 
of Portland cement, 1053 
of soaps and detergents, 2277 
of soils, 2310 
of solid propellants, 1371 
steel products, 645 
of water, 2391 
for bacterial tests, 2502 
for biological examination 2523 
for chemical examination, 2391 
of wood, 1734 
Sand See Quartz Sands 
Saponification number, 
of ester, microdetermination of, 409 
of fats 1437 
of oils, drying, 1647 
of soaps, 2293 

Saponifiable constituents of bituminous sub 
stances, 1000 
Say bolt Mscosity, 
of bituminous substances, 957 
of petroleum, 1913 
standards, table of, 1948 
thermometers, ASTM, 1945 
SBR svnthelic rubber, analysis of, 2169, 
2176 

Scandium, 

precipitant for, 107, 136 
test for, 58, 83 

Schaal test for stability of fats, 1427 
Schifl Elvove test for formaldehyde, 2U2 
Schonbein test for cyanide. 21 11 
Schradan, in pesticides, 1902 
Screen analysis of coal, 1231 
anthracite, 1235 
designation of size from, 1233 
Sedgwick Rafter method, 
cell count cubic standard units, 2537 


Sedgw lek- Rafter method (Cont) 
concentration of sample in water analysis. 

Sediment, in fuel oils, 1975 
Selenate, test for, 61 
Selenite, test for, 61 
Selenium, 
determination of, 
in soils, 2325 
in stainless steel, 682 
in sulfuric acid, 547 
in water, 

diaminobenzidme method, 2474 
distillation and sol method, 2473 
precipitants for, 136 
separation of, 206 

test for, 58, 68. See also Selenate and 
Selenite 
Separation, 

by distillation, 201-11 
antimony, 205, 836 

of arsenic, 205 797, 834, 836, 899, 1850 
2126 

of boron 202-3 
of chromium, 205 
of fluorine, 203-4 
of germanium, 205 
mercury, 207 
of osmium, 206 
of selenium, 206 
of silicon, 204 
of sulfur, 20 1 
of tin 205 

by electrolysis, 166-80 
current efficiency 167 
electrode potentials, 167 
electrolytic cells 168 
equipment for, 172 
factors affecting, 173 
mercury cathode, 175 
overvoltage and IR drop, 171 
theory of, 167 

with controlled electrode potential, 176 
without controlled electrode potential 
174 

by evaporation, 201-11 
mechanical, 87-90 
gases from gases, 89 
liquids from gases, 89 
liquids from liquids, 89 
liquids from solids, 89 
solids from gases, 89 
solids from liquids, 88 
solids from solids, 87 
by precipitatton, 

by change of hydrogen ion concentra 
tion, 92-100 

by homogeneous precipitation, 139-49 
by masking and demasking reacuons 
150-65 

by specific and selective precipitmts 
101-138 
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Separation, by precipitation, by specific and 
1 selective precipitants (Cont.) 
inorganic, 132-8 
organic, 101-32 
Seiine, 

detection of, 932 
detcimination of, 948 
Serum, analysis for, 
albumin, 1118 
ammo acids, 1077 
ammonia, 1078 
amylase, 1079 
bilirubin, 1081 
bromide, 1082 
calcium, 1083 
cat bon dioxide, 1085 
carotene, 1 131 
chloiide, 1087 

cholesteiol, free and total, 1088 
copper, 1090 
creatine, 1091 
creatinine, 1091 

globulins, alpha, beta, and gamma, 1118 

glucose, 1094 

iron, 1102 

lipase, 1105 

lipids, total, 1106 

nitrogen, urea, 1126 

phosphatase, alkaline and acid, 1112 

phosphoius, inorganic, 1115 

potassium, 1122 

piotein bound iodine, 1100 

proteins, total, 1117 

salicylate, 1119 

sodium, 1 120 

sulfonamides, 1123 

transaminases, 1124 

uric acid, 1128 

vitamin A, 1131 

Seium glutamic oxaloacetic transaminase 
(SGO-T). See Tiansaminases. 
Seium glutamic piruiic transaminase 
(SGP-T). See Transaminases. 
Sesame oils, 

in aerosol insecticides, 1844 
propel ties of, 1432 
test for, 1433 

Settled paniculate matter, analysis of, 628 
Sc\ in, 

deteimination of, 
in pesticides, 
infraied method, 1902 
ultras iolet method, 1902 
Shingles. See Bituminous Substances, 
Fabiics. 

Sieses, 87 

ASTM standard, dimensions, 1279-80, 
1282 

micro sieie, 362 
round-hole plate, 1281 
square-hole plate, 1282 
for testing purposes, ASTM standards, 
1277 


Sieves (Cont.) 

wire cloth, 1278 
Sieve analysis, 

of bituminous coal, 1236 
of coke, 1272 

Silica, see also Silicon dioxide, 
determination of, 

in hydrochloric acid, 568 
in mineral silicates, micro method, 432 
in soils, 2319, 2320 
in tea ter, 

coloiimetiic methods, 2476 
color standards for, 2477 
giaumetric method, 2475 
Silicate, 

precipitant for, 137 
test foi , 61 
Silicates, 

anal) sis of, 2227 

detection of, in paper filler and coating, 
1816 

determination of, in soaps and detergents, 
2304 

Silicate rocks, anal) sis of, 2259 
Silica ware, laboratory, 18 
Silicomanganese, analysis for, 
carbon, 773 
manganese, 

bismuthate method, 769 
pyrophosphate method, 771 
phosphoius, 773 
silicon, 774 
sulfur, 773 
Silicon, 

deteimination of, 
in aluminum metal, 1308 
in borosilicate glasses, 2252 
in brasses and bronzes, 823, 860 
in cla)s and feldspars, 2262 
in copper, 860 
in copper-base allo)S, 
molybdosilicic acid method, 860 
perchloric acid method, 823 
sulfuiic acid method, 823 
in ferroboron, 780 
in ferrochromium, 784 
in feiromanganese, 774 
in ferromol)bdenum, 806 
in feriosilicon, 764 
in fenotitanium, 810 
in fenotungsten, 

phosphoiic-perchloric acid method. 
795 

volumetric method, 796 
in ferrous slags, 2265, 2271 
in ferrovanadium, 788 
in iion and steel, 

perchloric acid method, 684 
sulfuric acid method, 683 
in lead glasses, 2246 
in manganese-silicon, 774 
in nickel-copper alloys, 
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Silicon, determination of, in nickel copper 
alloys (Cont) 

perchloric acid method, 891 
suit uric acid method 892 
m (j uai tz sand 2239 
in silicomanganesc, 774 
in soda lime glasses 2229 2235 
in tungsten metal, 

phosphonc perchlouc acid method, 
795 

voluntetuc method, 796 
separation of, 201 
Silicon brass, 866 
Silicon bronze 867 
Silicon dio\tde see also Silica 
detei initiation oh 
m Portland cement, 1055, 1071 
in rubbei compounds 2215 
Sihcotungstic acid, 1885, 2120 
Sihci 

determination of \ olhard method, 263 
precipitants tor 107 136, 158-9 
test lot 58 72 

Sihci chloride lefctence electrode, 311 
Siliei nmatc standard solution of 262 
Silver reductor, 439 
Sihci ware laboratorv 19 
Single stage sampling, 23 
Slags set also Terrous Slags 
Itnous analysis of, 2227 
Smoke ordinance test lor coal 1218 
Snake neighing tube, 538 
Sodas modified analysis of 611 
Soda lime glasses see aho Glasses, 
analysis ol 2229 
Soap, 

analysis lor. 
fatt> acids, 2288, 2291 
latty anhydride, 2288 
glyceiol, hec 2293 

umipomfied and unsaponifiable mat 
ter 2289,2290 
dctei nunation of, 
iodine value, 2292 
in oils 

ashing method, 1422 
titri metric method, 1423 
saponification value, 2293 
Soips and detergents, 
analysis 2276 
analysis for, 

active ingredient (sodium alkyl benzene 
sulfonate and alkyl benzene sul 
fate). 2285 

alkali, combined, 2288 
alkali, free, 2 291 
alkalinity, 2302 
anhydrous soap, 2288 
chlorides, 2303 

equivalent combined S0 3 , 2285 
inorganic builders, 2302 
moisture and volatile matter, 2280 
organic builders, 2302 


Soaps and detergents, analysis for (Conti 
phosphates, 2304 ^ } 

silicates, 2304 
sulfates, 2306 
volatile solvents, 2282 
water insoluble material, 2308 
determination of pH, 2308 
methods of analysis, 2279 
alcohol insoluble material, 2280 
alcohol soluble material, 2279 
general scheme of, 2277 
test for, 

soaps (fatty acid salt), 2285 
synthetic detergents, 2285 
Sodium, 

determination of, 
in borosihcate glasses, 2254 
in cement ran materials, 1076 
in clays and feldspars, 2264 
in lead glasses, 2249 
in Portland cement, 1063 
in propellants, 1376, 1400 
in quartz sand, 2260 
in serum 1120 

in soda lime glasses, 2234 2240 
in soils, 2321 2326 
in 2 4 6 trinitrotoluene (TNT) 13 13 
m water, 2478, 2480 
determination of, micro method with 
magnesium nranyl acetate 429 
precipitants for, 107, 136, 159 
test for 58, 78 

Sodium alkyl benzene sulfate, determination 
of, 2285. 2296 

Sodium alkvl benzene sulfonate, deternuna 
turn of 2285 

Sodium bicarbonate, analysis of, 610 
Sodium biphenyl, 1862 
Sodium carbonate, 
acidimetnc standard 258 
analysis of, 608 
commercial forms of, 608 
Sodium chlorate, determination of, in her 
blades, 1903 

Sodium curate buffers, 939 
Sodium cyanide, determination of, in pcsli 
cides, 1903 

Sodium dielhyldithiocarbamate, 2152 
Sodium fluosilicaie, determination of, m 
pesticides, 1878, 1901 
Sodium hydroxide, 
analysis for, 
alkalinity, total, 601 
calcium, 605 
carbonate, 60 2 
chlorate, 603 
chloride, 602 
copper, 604 
impurities, 606 
iron, 605 
manganese, 605 
nickel, 603 
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Sodium hydroxide, analysis for (Cont.) 
sulfate, 602 

commercial torms of, 600 
sampling of, 600 
standard solution of, 260-2 
Sodium hydroxide solutions, specific grav- 
ity-composition, tables of, 625 
Sodium methoxide, 281, 1865 
Sodium naphthionate, piecipitant for 
metals, 129 

Sodium (3-naphthoquinone-4-sulfonate, 1077 
Sodium nitrate, determination of, in dyna- 
mites, 1358 

Sodium nitroprusside, 61, 62, 265, 930, 2565 
Sodium oxide See Sodium. 

Sodium plumbite, 55, 2005 
Sodium tetraphenylboron, 131, 1122, 1400, 
1500 

Soils, 

ammonium acetate exti action of, 2325 
analysis, 2310 
analysis foi, 
ammonia, 2316, 2327 
availability of cations, 2333 
boron, 2323, 2336 

bulk density and particle density, 2312 

calcium, 2321, 2326 

carbon, 2314 

cobalt, 2324 

copper, 2324 

exchangeable hydrogen, 2329, 2330 
fluoiine, 2325 
gypsum, 2331 
lime lequitement, 2330 
loss on ignition, 2319 
magnesium, 2321, 2326 
major constituents by fusion analysis, 
2318 

manganese, 2321 
moistuie, 2312, 2319 
molybdenum, 2325 
oiganic matter, 2314 
nitiates, 2317 
nitiogen, total, 2315 

particle size distribution (mechanical 
analysis), 2312 
phosphorus, 2322 
phosphorus, available, 
bicaibonate exti action method, 2335 
fluoride exti action method, 2334 
modified Tiuog method, 2334 
potassium, 2321, 2326 
total combined Ro0 3 (Alo0 3 , Fe 2 0 3 , 
Ti0 2 ), 2320 
selenium, 2325 
silica, 2319, 2320 
sodium, 2321, 2326 
soil leaction (pH), 2328 
soil structure and aeration, 2312 
stilftu, 2321 

uatei-solub'e salts, 2332 
zinc, 2324 


Soils (Cont.) 

chemical analysis as a measuie of soil fer- 
tility, 2333 

exchangeable cations and cation exchange 
capacity, 2325 
field descriptions of, 2312 
sampling of, 2310 
sodium caibonate fusion, 2320 
testing of, 2337 

Soil-bituminous niixtuies, test for, 1009 

Solids, sampling of, 28-38 

Solids in uatei, deteimination of, 2472 

Solid fat index, 1450 

Solid fuels. See Coal and Coke. 

Solid rocket propellants. See Propellants. 
Solubility classification tests for paint bind- 
ers, 1639 

Solubility measurements, 
equilibiiunr, 515-8 
expression of lesults, 505 
methods foi, 514-24 
gases in liquids, 522-4 
liquids in liquids, 520-2 
solids in liquids, 517-20 
sampling, 513 

tempeiatuie control, 507-13 
Solutions, 
buffer, 284-7 

of indicators, acid-base, preparation of, 
289-91 

Solvents, 

foi bituminous substances, 1038 
physical properties of, 196-9 
Solvents, hydiocaibon, aniline point of, 1979 
Solvent extraction, 181-200, 345 
Somogyi-Nelson method foi glucose, 1094 
Sootfall, analysis of, 628 
Sorensen’s buffer, 2356 
Soya oil, 

identification of, 1645 
iodine number of, 1432, 1645 
refractive index, 1432, 1645 
saponification number of, 1432, 1645 
Soybean oil, non-oil constituents, break test, 
1425 

Specific giavity, 

deteimination of, 534 
for coke, 
appaient, 1265 
true, 1267 
fats, 1455 

petroleum and pet) oleum pioducts, 
1950 

of plastics, 2053 
hydrometeis, 1950 

Specific gravity -composition, tables of for 
acids and bases, 612-25 
Spinal fluid, 
analysis for, 
biomide, 1082 
chloride, 1087 
glucose, 1094 
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Spinal fluid anal)Sis for (Cent) 
proteins total 1117 
sulfonamides 1123 
Spot tests for 
anions ->9-62 
cations 53-9 
Stability tests 
lor explosives 

international test at 7 a°C 1295 
with mellijl violet test paper 129a 
with potassium iodide starch test 1295 
bv surveillance test at 6a-5*C 1296 
for lats 1426 
methods used table 1427 
lor hvdrogen peroxide 1319 
for nitrocellulose 
with nicthsl uolet paper 1334 
with potassium iodide starch paper 
1333 

for uur<V>1)cerm 1336 
for propellants b\ Taliam test 1296 
for propellants and e\plos»e ingredients 
v icuum stabilits test 1293 
Stainless steel See Steel 
Stainless steel ware laboiators 19 
Standard deviation of analviicil determina 
lion 322-1 

Siam! ird electrode potentials table *68 
Standard solutions See liar e of tea^ent 
Starch 

detect k n of in papci 1809 
determination ot 
lndvuamitc. 1300 
in p iper lh09 

indicator solution 27 3 681 229* 2398 
Statist ac ■) interpretations 318-2a 
Snvbelnc I SOI 
Steel 

anal}sis 615 619-53 
analvsis for 
aluminum 721-3 
arscim 7j2 
bcrvllium 743 
liuron 739 
carlion 

direct combustion method 6a 1-9 
In vacuum technique 1008 1612 
cerium 

(\idition reduction titration 7a 0 
photometric method 751 
chromium 

colorimetric method 702 
persulfate method G99 
cobalt 

alpha nitroso beta naphthol method 
715 

nuroso R salt method 716-8 
copper 

elect rot) tic method 68o-7 
gravimetric method GSa-7 
ncocuprome method 689-91 
thiosulfate iodide method C88 


Steel analysis for (Cont) 
lanthanum 7ol 
lead 723 
magnesium 747 
manganese 

bismuthate method Go9-61 
perrodate method 66a-7 
peisuhatc method 6G1— 1 
mol)bdenum 

alpha benroinoMine method 70“-D 
photometric method 711 3 
sulfide method 709-11 
nickel 

c)anide titration method G9I 
dimeth) Iglj o\ime method 69 M 
dimeth)lgI)o\ime photometric 
method 69->-9 

dimeth) l 0 l)o\une photometric ineth 
od 695 9 
niobium 721 

niobium and tantalum 72< 
nitrogen distillation uti3tion method 
73a 

o\)gen 1600 
phosphorus 

alkalimetnc method 670-2 
mol)bdate magnesia method 666-70 
mol)bdennm blue method 672-5 
rare earths 750 
selenium 682 
silicon 

perchloric acid method 084 
sulfuric acid method 683 
sulfur 

direct combustion todate method 
079-82 

evolution method 677-9 
gravimetric method 675-7 
tellurium 753 
tin 745 

titanium 719-21 
tungsten 713-5 
uranium 

cupfcrron method 755 
ion exchange method 7a4 
vanadium 

electrol) tic separation method 703-5 
permanganate method 706 
zinc 7a6 
zirconium 720 
sampling of 615 

Strand burning rate for solid rocket pro 
pel lams 1299 
Streptococci bacteria 2al6 
Strontium 

determination of in water 2181 
piecipitams for 107 136 159 
test for 58 76 , 

Str)chnme detection of in toxicolog) 
Styrenated alk)d resins in paiflt ,r 8 
St)rcnatcd so)a tun Q 0 hcer)I pi thalate in 
frared absorption spectrum oi • 
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^detection of, in polymers and resins, 1634, 
1637 

in SBR rubber, 2169 

Slwene-aojlonitrile copolymers, analysis of, 
2061 

Sttrenc-aciylonitrile-acrylate terpolymer, ^in- 
ti a red absorption spectrum of, 1721 
Siyreue-containing polymers, determination 
of, in rubber compounds, 2194 
Styrene plastics, analysis of, 2055 
St; rene- rubber plastics, analysis of, 2065 
Sublimation, for microscopic examination, 
348 

Substrate materials used in gas-liquid chro- 
matography, 227 
Suciase octanitrate, 

determination of, in dynamite, 1365 
test for, in dynamite, 1362 
Sulfate, 

detection of, in paper filler and coating, 
1815,1816 
rietennination of, 
in aqua ammonia, 599 
in coal, 1198 

in hjdrogen peroxide, 1320 
in nitroguanidine, 1336 
in oxalic add, 594 
in paint pigments, 1696 
in phosphoric acid, 584 
in propellants, 1400 
in soaps and detergents, 2306 
in sodium hydroxide, 602 
in water, 

gravimetric method, 2483 
tuibidimeXric method, 2.48,3 
precipitants for, 109, 112, 118, 137, 159 
test for, 61 

Sulfenone, determination of, in pesticides, 
1904 

Sulfhydryl group, microdetermination of, 
419 

Sulfide, 

detection of, in paper filler and coatings, 
1813 

determination of, 
in Portland cement, 1060 
in water, 

colorimetric method, 2486 
iodometric method, 2484 
test for, 61 

Sulfite*’ Precipitation of metals as, 98 

detection^ of, in paper filler and coating, 

determination of, in water, 2489 
test for, 62 

Sulfonamides, 
determination of, 502 
;n serum, 1123 
in spinal fluid, H23 
>n urine, 1123 
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Sulfonation residue in bituminous sub- 
stances, 997 

Suifotepp, determination of, in pesticides, 
1904 

Sulfoxide group, microdetermination of, 420 
Sulfur, 
detection of, 

in petroleum distillates, 2005 
in polymers and resins, 1633 
determination of, 
in black powder, 1285 
in brasses and bronzes, 840, 842 
in coal, 1194 
in coal ash, 1202 
in coal and coke, 

by bomb washing method, 1158 
by the Eschka method, 1155 
by sodium peroxide fusion method, 
1 158 

in copper-base alloys, 
direct combustion-iodate method, 840 
evolution method, 842 
in dynamites, 1355, 1361 
in feiromanganese, 773 
in ferromoly bdenum, 805 
in ferrosilicon, 768 
in feriotungsten, 794 
in ferrous slags, 2270, 2275 
in ferrovanadium, 787 
in iron and steel, 
evolution method, 677-9 
gravimetric method, 675-7 
in jet fuels, 2006 
in lead glasses, 2247 
in manganese-silicon, 773 
in nickel-copper alloys, 
ditect combustion-iodate method, 893 
gravimetric method, 892 
in organic compounds, micro method, 
396 

in petroleum products, 
bomb method, 2012 
by lamp combustion method, 2019, 
2031 

in rubber compounds, 2208-12 
in silicomanganese, 773 
in soda-lime glasses, 2230, 2241 
in soils, 2321 
in stainless steels, 679-82 
in tungsten metal, 794 
forms of, in coal, 1194 
separation of, 204 
Sulfur, organic, 
determination of, 
in coal, 1201 

in gas analysis, 1543, 1549 
Sulfur, pyritic, 
in coal, 

indirect method, 1199 
titanous chloiide method, 1200 
Sulfur, reducible, determination of, in 
paper and paperboard, 1797 
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Sulfur, total, determination of, in gas 
anal)si$. 15 IS. 1541, 1549 
Sulfur dioxide, 
determination of, 
in acetic acid, 591 
in air, G3I-3 
in gas analysts. 1531 
in hydrofluoric acid, 581 
in oleum, 559 
in sulfuric acid, 545 

Sullur trioxide determination of, in Port 
land cttncnt, 1060 
Mill unc add 
malms for, 
in Union) 546 
arsenic. 516 
coppci • 55 1 
heats mt talx, 518 
Indiocldoiic acid, 542 
lixdiotlnoric acid, 513 
impurities spectrographic, 552 
iron, 549 
kail 51“ 
nickel, 551 
tutric acid. 545 
residue on ignition, 512 
selenium 517 
siilfui dioxide 545 
sulfurous acid, 545 
water, 551 
/me 530 

hulling points of, 615 
cotiutictdal types 539 
comcntiation determination of, 510-1 
dctermin mon of 
in IliKihont acid 575 
in hsdiochlom acid, 567 
in hydrofluoric acid, 581 
in mixed acid, 555 
in nunc acid, 560 
m oleum 535 

specific grainy composition, tables of, 
613-6 

standaid solutions of, 260 
Sulfurous acid, determination of, 
m uctH icuf. 59f 
in hydrofluoric acid, 581 
in oleum 559 
m sulfuric acid 545 
Sunflower oil properties of 1432 
Super alkalies, analysis of, 611 
Surycillance test for stability of explosircs 
1296 

Suspensions of solids, petroleum flish point 
of, 1925 

Synthetic rubber Sre Rubber, synthetic 
Sxnwa in watcT, 2323 

2,43-T, detcnnination of, in pesticides 1861 
I a he] tana in water 2.521 
1 ablcs, 
acids. 


Tables, acids (Cont) 
concentration of, 650 
preparation of acid dilutions, 239? 
specific gras it) -composition, 613-5 6h. 
617, 621,622 ’ 

alk)d resins, equnalcm weights of, IftO 
allo)s, 

brasses and bronzes, 866-7 
lead, tin, and antimony, 897 
ammonia, determination, color stand mb 
for, 2542 

ammonium h)dro\ule, 
concentration of, 650 
specific grant) composition, 623, 626 
antimony alloys, 897 
antioxidants in rubber solvents and list 
conditions, 2181 
M*l hydrometers, 1926 
ASTM copper strip classification, 2001 
ASTM Say bolt nscosily thermouuuij 
1915 

biiununized fabrics, construction of, 1010 
bituminous substances, distinguishing 
characteristics of. 934-5 
methods of testing, 952 
boiling points ol lucl gas components 

biasscs and bion/cs, composition of 
866-7 

buffer solutions, 
sodium citrate, 939 

standard for water analysis, pH of 2IM 
buffer s) stems, 287 

butyro refractomctcr readings and in 
dices of icfraction, I H8-9 
caibon monoxide, 

physiological effects of 1558 
symptoms of exposuic, 1558 
cement, permissible yanations m results 
of amljsis, 1051 

chlorine m water dctevmuvujon, color 
standards, 2H8 

classification of coal b) rank, 1257 
Cleveland open flash cup, dimensional 
requirements. 1920 
chromatograph), 
adsorbents, h)droplulic, 217 
adsorbent solrcnt s)stcms, 220 
adsorption alfuut) of common organic 
functional groups, 219 
column materials for gas cliromaiogra 
pin of fuel gases, 1535 
self adsorption of common solvents 217 
substiaic materials used in gas 

chromatograph) and imurnls sip 
.tinted on each, 227 

coal and coke, . 

petimssiblc differences m results of 
analysis. 1171 

simpling procedures for coals, 113 , 
1139 

mini xtandards permanent. 
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Tables, color standards, permanent (Cont.) 
tor ammonia in water, 2452 
(oi chlorine in water, 2418 
distillation of petroleum pioducts, test 
conditions, 1930 
d)namite formulas, 1352 
electiode potentials, 168 
explosiies, 

coloi reactions of DNT and TNT, 1357 
dynamite formulas, 1352 
inflated pioceduies for analysis, 1388 
nonaqueous titiation piocedures for 
mixtures, 1295 

noninitiating explosives, tests for, 1348 
pi inter compositions, noncorrosive 
types, 1367 

quantitative analysis, outline, 1351 
extinction, 

metal extiaction systems, 193 
leagents used, 183-192 
la ts, 

identifiable characteristics of, 1431 
plqsical characteristics of, 1432 
stability determination, methods for, 
1427 
tatty acids, 

detcunination of acid number, sample 
size, 1653 

deteimination of hydroxyl number, 
sample size, 1654 
luel gases, 

boiling points of components, 1525 
gas chromatography of, column ma- 
terials, 1535 

separation of components, 1566 
gases, solubility of in water, 1511 
glasswaie, chemical, composition of, 14 
gh cerol- water solution, viscosity of, 1758 
Henry's law constants, 2444 
hydiochloric acid, constant boiling, 259, 
621 

hythogen pei oxide, concentration of, 650 
hychogen sulfide, conveision factors in 
water analysis, 2486 
h) diometers, 

API, 1926 

specific gravity, 1950 
indicatois, 

acid-base indicators, 256 
mixed indicators, 293 
pH indicators, 289-91 
iedo\ indicatois, 270 
inlraied spectroscopy, 
scheme for identification of paint plasti- 
cizers, 1641 

scheme for identification of polymers, 
paints, and oils, 1629 

iodine nunibei, weight of fat or oil re- 
quiied for deteimination, 1140, 
1646 

ion exchange lesins, commercially a\ ail- 
able, 233 


Tables (Cont.) 
lead allots, 897 
mass spectrometer, 

components determinable, in natuial 
gas, 1532 ~ r 

piecision and accuracy of analysis, 1533 
natuial gas, analysis with mass spectiom- 
eter, 1532 

nonaqueous titiation of explosive mix- 
tures, 1295 
odors in water, 
due to miciooiganisms, 2522 
qualitative desciiption, 2494 
oils, 

chemical characteristics of, 1645 
identifiable characteristics of, 1431 
physical chaiacteristics of, 1432 
organic solvents, physical constants of, 
196-9 

paints, 

colored pigments used, 1682-3 
inoiganic pigments used, 1686-7 
plasticizers, infraied method of identifi 
cation, 1641 

thinners used in solvent coatings, 1704 
white pigments used, 1681 
permanganate number of paper, convei- 
sion to equivalent bleach consump- 
tion, 1722 

petroleum products, test conditions ol dis- 
tillation, 1930 

pH, hydrogen-ion, and pOH values, 1833 
polymeis and resins, tests for, 1633-4 
precipitants, 

for anions, inorganic, 109, 137 
foi metals, inorganic, 133 
for metals, organic, 102-8 
precipitates, thermal stability of, 248-53 
piecipitation, 

of hydroxides and oxides, effect of pH, 
93 

with inorganic leagents and EDTA, 133 
or metals with 8-hydioxy quinoline, 100 
leagents, 

deniashing, 164—5 
masking, 152-63 

precipitants in microchemical analysis, 
339 

lefiactive indices and buty n-refiactometer 
readings, 1448-9 

sampling instructions for liquids in tanks, 
41 

Say bolt viscosity standards, 1948 
sieves, ASTM standard, dimensions of, 
1279-80, 1282 

solubility of common gases in water, 1511 
solvents, organic, physical constants of, 
196-9 

specific gravity -composition tables of acids 
and bases, 613-26 
specific graxity hydrometers, 1950 
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Tables (Cont 4 

sulfuric and boiling points of 615 
thermometer readings corrected 1933 
tin allots 897 

L S Public Health Scrxice drinking 
stater standards 23s9 
siscos us of glsccrol stater solutions 17 j 8 
staler anal) sis 

chemicals required for treatment for 
different organisms 2 j 10 
conscrsion factors for IlA conccntra 
Cion 2lbG 

dctcnninaiions performed to ascertain 
stater qualits 2390 

lnnniu„ dosa n c of copper sulfate for 
fish life 2 j39 

odors due to microorganisms 2522 
odors (|ualit ittsc dcscnption of 2491 
stci 0 hts precision of concctions and tol 
ounces 5 

Tag close tester 1913 

1 alum test (or stability of propellants 
1296 

Tannic acid See Tannin 
I annul 

elctcrmm moil of in stater 2192 
precipitant lor metals 129-30 
Tant iliun 

(lcicniiin.it ion of in non and Steel 727 
pTCCipitams lor 107 lay 
test for 58 

I ars See Bitiiiuinom Substances 
f mine and anaftsiscif 5<jj 
1 astes m stater 2a20 
I i urine detection of 932 
l as lot slide tump irator for pH dcternuiii 
non SOI 

I IIP See I n n butsl phosphate 
I m dclCTinimtmn of in pesticides 1901 
leaved oil 1432 I43 j 
I cchmc.il \ssociatitm of the Pulp and 
1 a per Industrs (T\l PI> 

1 VPI I methods described or abstiactcd 
til the text 
T 1 in 59 1723 
1 Jmll) 1727 
I I m 59 1750 
1 5 m 59 1731 
1 6m 59 1771 
T 9 in 51 1732 
I II m 59 1731 
T 12 m 59 1736 
I 13 m 51 1777 
T 15 in r s 1738 
1 17 ni 1739 
I 19 in * 1712 
I 201 tn 1715 
rSffSoUl 1717 
T 203 os 61 1751 
1 204 m 51 1755 
1 206 m 55 1756 
T 207 m 54 1760 


T kPPI Methods (Com ) 

T 210 m 58 1761 
T 211 m 58 17CG 
1 212 m 54 1767 
1 214 m 50 1769 
T 215 m 50 1772 
T 223 m 58 1774 
T 230 sm 50 (780 
T 236 m TO 1838 
1 400 m 49 1791 
1 102 m 49 I79 j 
T 407 in 19 1799 
T 108 os Cl 1800 
T 413 m 58 1806 
T 415 m 45 1808 
T 117 m 15 1808 
T 419 m GO 1809 
T 421 os 61 1812 
T 128 m 45 1818 
T 129 m J8 1820 
T 430 m 52 1823 
T 131m 47 1830 
T 135 m 52 1831 
T 1 10 m 53 1833 
T 450m 41 1835 
1 451 m TO 1837 
Ttlluratc test for 62 
Tclluriic lest for 62 
Tellurium determination of 
us non ami sue! 753 
ill copper tell m nun illoss 817 
piccipit ints for 136 159 
test for 58 60 75 

Tcinpciaiurc control of in soltibilits ncis 
iircmcnts 507-13 
Tetrabuse 61 
Tctnccnc 

determination of in primers 1370 
test for 1346 

Tctiacthsllcail dctcmiuntion of m gaso 
line 2009 

Tctneth)I pyrophosphate in pcsticules 
1901 

rctranictli)ltluunm disulfide m pcstitilei 
1906 1908 

Tctranitrodi„lvcerm test for m dynamite 
1363 

1 tinphusylavsonnim chloride piccijtuut 
for anions 130 

Tetraplicnjlboron precipitant for metals 
131 

Thallium 

determination of m loxicolog) 21 Ij 
precipitmis for 107 136 159 
test for 58 73 

Tlnllous sulfate tn pesticides 1908 
llnnitc See Uuotyanates or B anic in pcs 
ticulcs 

Tlicno)Itrif!uoroacctonc. as extractant 1 82 
181 

Thermal stability of analytical precipitate* 
218-53 
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Thermal tests for bituminous substances, 
distillation test, 979 
fixed carbon, 978 
flash point, 978 
fusing point, 96S 
softening point, 968 

test for residue of specified penetration, 
976 

volatile matter, 974 

Thermometers, ASTM, for Sat bolt viscosity, 
1915 

Thiamine, 2358 
determination of, 

thiochrome assay method, 2359 
in blood, 2361 
in foods, cereals, etc., 2361 
in urine, 2362 

Thinner, paint. See Paints, Varnishes, and 
Lacquers. 

Thioacctamide, precipitant for metals, 131 
Thioalcohols. See Mercaptan. 

Thiobarbituric acid test, for stability of fats, 
1427 

Thiocyanate, 

precipitant for, 137 
test for, 62 

Thiocyanates, organic, determination of, in 
pesticides, 1886, 1887 

Thiodan, determination of, in pesticides, 
1909, 1910 

Thionalide, precipitant for metals, 131 
Thiosulfate, test for, 62 
Thirani, See also Tetramethylthiuram di- 
sulfide. 

determination of, in pesticides, 1910 
Thiram M. See Tetramethylthiuram di- 
sulfide. 

Thorium, 

prccipitants for, 107, 111, 136, 146, 149, 
159 

test for, 58, 82 

Thread count, of bituminized fabrics, 1027 
Threonine, 
detection of, 932 
determination of, 948 
Thyroxine, detection of, 932 
Tin, 

analysis, 896 
analysis for, 
arsenic, 905 
bismuth, 911 
copper, 907 
iron, 910 
nickel, 912 
determination of, 
in aluminum metal, 1311 
in brasses and bronzes, 818, 839, 864, 
877 

in copper-base allovs, 
iodimetric method, 818 
manganese coprecipitation method, 
839 


Tin, determination of, in copper-base alloys 
(Cont.) 

routine rapid method, 864, 877 
in ferrotungsten, 800 
in hydrogen peroxide, 1320 
in iron and steel, 745 
in lead-base solder, 897 
in propellants, 

gravimetric method, 1401 
by iodometric method, 1401 
in tin-base solder, 897 
in tungsten metal, 800 
in zinc-base die-casting alloys, 918 
precipitants for, 107, 11 i, 136 
test for, 59 
Tin alloys, 
analysis, 896 
analysis for, 
arsenic, 905 
bismuth, 914 
copper, 907 
iron, 910 
nickel, 912 

Tin-base solder, analysis for, tin, 897 
Tin bronze, 867 

Tin dioxide, in propellants, 1402 
Titanium, 

detection of, in paper filler and coating, 
1816 

determination of, 

in borosilicate glasses, 2254 
in clays and feldspars, 2263 
in ferrotitanium, 807 
in ferrous slags, 2272 
in iron and steel, 719-21 
in lead glasses, 2250 
in plastics, 2084 
in soda-lime glasses, 2246 
precipitants for, 108, 111, 136, 160 
test for, 59, 71 
Titanium dioxide, 

detection of, 1813, 1824 
determination of, 

in paint pigments, 1690 
in paper, 

colorimetric method, 1827 
volumetric method, 1825 
in rubber compounds, 2221 
Titanium pigments. See Pigments. 

Titanous chloride, 498, 1196, 1392 
Titer number of fats and oils. See individ- 
ual fats and oils 
Titer test, 
for fats, 1445 

for soaps and detergents, 2291 
Titration, 
methods of, 254-77 
argentometric, 262-5 
bromate, 277 
cerium(IV), 272 
compleximetric, 266-9 
cyanide, 266 
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Titration, methods of (Cont ) 

EDTA, 267-9 
lodate, 276 
iodine, 273 

neutralization, 255-62 
nonaqueous, 278-83 
oxidation reduction. 269-77 
potassium dichroniate, 271-2 
potassium permanganate, 270-1 
precipitation, 262-6 
redox 269-77 

I NDG See Tctianitrodiglscenn 
TNT Sft 2.4,6 Trinitrotoluene 
1 ocoplierols See alsq \ itaniin E 
mixed, anahsis of 2352 
I ole ranee of weights, 5 
o Tolidinc, 570, 2417 
Toluene 

distillation method foi moisture, 529 
in soaps and deteigents, 2281 
in wood, 1727 

solubilitx test bituminous substances, 993 
2,4 Toluene di isocyanate, anahsis of, 1339 

0 {p Tolu)lsulfonamide)anihne See T 

Sulfommidmc 
Topfers reagent, 1093 
TOI’O See 1 n n octv lphosphtne oxide 
Torpex test foi, 1349 
Total alpha activity of water, 2471 
Total electrolvte in solution, determination 
of 235 

Toxaphene, determination of, 1910 
Transaminases, determination of, 1124 

1 ransfer pipets capacity toleiances lor, 12 
Trans isomers in fais, 1478 

Tnacctm, 

analysis of 1310 

determination of, in propellants 1402 
Tn n butyl phosphite extractant for met 
als 191, 195 

T ricrcsyl phosphate infrared absorption 
spectrum of 1720 

2 4 6 Trinitrotoluene, 
anal)sis of, 1311 

color reactions for 1357 
test for 1356 

Tn m oct\ lphosphtne oxide extractant for 
metah 192 200 

Triphenylmethylarsoiiiimi iodide, precipi 
tant for cadmium, 132 
Triplicnylnn chloude, precipitant for flu 
oride 132 

Triple bond See Acetylenic compounds, 
and Lnsaturated Compounds 
Trtsteann, determination of, in pork fats, 
1135 

Trithion, determination of, in pesticides 
1910 

Trnonal, test for, 1349 
Truog method, for availability of phospho 
rus in sods, 2334 
Tryptophan, 
detection of, 932 


Tryptophan (Corn) 
determination of, 946 
Trypsin, determination of, 1126 
T Sulfonamidme, precipitant for coiwr 
129 J F • 

TT-\ See Thenoyltrifluoroacetone 
Tumbler test, 
for coal, 1226 
for coke, 1271 
Tung oil, 

identification of in paints, 1645 
infrared absorption spectrum of 1712 
iodine number, 1432, 1645 
refractive index, 1432, 1645 
saponification number, 1432, 1645 
titer of, 1432 
Tungstate, test for 62 
T ungsten, 
deteimmation of, 
in ferrotungsten 790 
m iron and steel, 713-5 
in tungsten metal, 790 
precipitants for 108,112 136,160 
test for, 59, 69, 79 
Tungsten metal, 
analysis for, 
antimony , 802 
arsenic, 797 
carbon, 792 
copper, 

electrolytic method, 799 

iodide method, 798 
manganese, 792 
phosphorus. 793 
silicon, 

phosphortc perchloric acid method, 
795 

volumetric method, 796 
sulfur, 794 
tin, 800 
tungsten, 790 

Turbidity test for water, 2494 
Turpentine, 1801 

Turpentine test for grease resistance of 
paper . 

Two stage sampling, 24 
Tyrosine, 
detection of, 932 
determination of, 916 

Ubbelohde viscosimeter, 2086, 2101 
UDMH See 1,1 Dimethylhydrazine 
Ultramarine blue pigment, 1699^ 
Unbuffered solutions, pH of, 295 
Units, volumetric, 8 

Universal oil products method, for sulfur 
compounds in petroleum distillates 
2005 

Umapomfiable matter, 
determination oE, 
in fats, 1417 



INDEX 


2605 


Unsaponifiable matter, determination of 
(Corn.) 

in rubber, 2207 

in soaps and detergents, 2289, 2290 
Unsaponified matter in soaps and deter- 
gents, 2289 

Unsaturated hydrocarbons. See also Hydro- 
carbons. 

determination of, 
in gas analysis, 1520 
Unsaturation, 
determination of, 
micro method, 422, 423 
in organic compounds, 475-83 
in plastics, 2067 
in polypropylene glycol, 1339 
Unsymmetrical dimethylhydrazine. See 1,1- 
Dimethylhydrazine. 

Ui anium, 
determination of, 
in iron and steel, 
cupterron method, 755 
ion exchange method, 754 
precipitanls for, 108, 136, 160-1 
test for, 59, 79-80 
Urea, 

detection ol, in polymers and resins, 1634, 
1637 

determination of, 
in fertilizers, 

spectrophotometric method, 1489 
titrimetric method, 1488 
Uiea-formaldehydc, n-butylated, infrared 
absorption spectrum of, 1710 
Urea nitrogen. See Nitrogen, Urea. 

Urea resins in paint, 1663 
Uric acid, 
determination of, 
in serum, 1128 
in urine, 1128 
Urine, 
analysis for, 
amino acids, 1077 
amylase, 1079 
calcium, 1083 
catecholamine, 1086 
chloride, 1087 
copper, 1090 
creatine, 1091 
creatinine, 1091 

17-hydroxy corticosteroids, 1097 
5-hydroxyindoleacetic acid, 1096 
17-ketosteroids, 1102 
nitrogen, urea, 1126 
phosphorus, inorganic, 1115 
pregnanediol, 1146 
sulfonamides, 1123 
uric acid, 1128 
urobilinogen, 1429 
Urobilinogen, 
determination of, 
in feces, 1129 
in mine, 1129 


Uroglenopsis in water, 2521 
U. S. Public Health Service drinking water 
standards, 2389 ■ -- • ' 

U. S. Steel Chemists method, for hydrogen 
sulfide in gas analysis,' 1514 
U. S. Steel-type apparatus for. gas analysis', 
1518 ’ ' 

Vacuum fusion method, 

determination of gases in metals, 1580 
apparatus for, 1580 
Vacuum-oven method, 
for volatile matter, 1294 
for water, 1294, 1415 

Vacuum techniques in gas analysis, 1563- 
1615. See also Gas Analysis, vac- 
uum techniques. 

Fisher-Serfass vacuum fusion apparatus, 
1593 

micro gas samples, 
analysis of, 1564 
collection of, 1564 
measurement of, 1564 

Vacuum stability test, for stability of pro- 
pellants and ingredients, of explo- 
sives, 1298 

Vanadate, test for, 62 
Vanadium, 
determination of, 
in ferrous slags, 2272 
in ferrovanaclium, 785 
in iron and steel, 

electrolytic separation method, 703-5 
permanganate method, 706 
precipitants for, 108, 136, 161 
test for, 59, 70, 71, 79 

Van Slyke-Neill manometric apparatus, 1085 
Vapor pressure, determination of, for petro- 
leum and petroleum products, Reid 
method, 1953 

Varnish. See also Paints, Varnishes, and 
Lacq uers. 
analysis, 1616 
analysis for, 
flash point, 1620 
nonvolatile contents, 1618 
volatile contents, 1618 
binder, identification of, 1627 - 

definitions, 1616 

weight per gallon, determination of*, 1619 
Vehicles, paints, varnishes and lacquers, 
analysis of, 1641 
isolation of, 1623 

Villavecchia test for sesame oil, 1433 
Vinsol, 1801 

Vinyl acetate, determination -of, in plastics, 
'2077 - -'c'_ 

Vinyl acids, determination of, in plastics/ 
2092 

Vinyl alcohol, determination of, in plastics, 
2076 ' 

Vinyl chloride plastics, analysis ot, 2068 
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Vinjl chloride vinyl acetate copolymers, 
anal) sis of, 2075 

\m)l chloride sin) ltdene chloride copoly 
mers, infrared absorption spectrum 
of, 2039 

Vinyhdene chloride vinyl chloride copol) 
mers, analysis of, 2079 
Vinyhdene plastics analysis of, 20/9 
\ in) 1 resins 

detection of, in paints 1630 
determination of in lacquers I675 
\in>! toluenated so\a tung glyceryl phthal 
ate, infrared absorption spectrum 
of 1709 
\ iscosi meter 
Fngler 9 j 8 
Ostnald 2062 
Say bolt, 1913 
Lbbelohde 2086,2104 

\ ISCOSI t) 

determination of 

apparatus for, 958, 1943, 2f)62, 2086, 
2104 

of bituminous substances, 

Engler 957 
Say bolt 957, 1943 
of rats 1455 

of glycerol water solutions, 1758 
of paper pulp 

cupncthvlcnediamine disperse sis 
cosily 

falling ball method 1784 
yiscosity pipet method 1782 
of petroleum Saybolt 1913 
plastic solutions 2060 2065 SJ073 2079 
20S6 2100 2103 

Saybolt yiscosity standards 1948 
Vitamins analysis of, 2338 
V uamin A 2339 
determination of 

Carr Price colorimetric method 2343 
phosphotttngstic acid method 2344 
ultrayiolet spectrophotometry method 
2340 

in blood 2314 
M JWAW? 1 131 
\itamin Bj See Thiamine 
\ uamin Bo See also Riboflayin 
determination of, 
fluorometnc assa) method 23Q3 
spectrophotometnc method 2365 
Vitamin B 3 See Nicotinamide 
\ lUmm Bj See Pantothenic Vcid 
\ uamin B f See Pyridoxine 
Vitamin B 12 2371 
determination of, 
radioisotope tracer assay 2372 
spectrophotometnc method 2372 
Vitamin C See also Ascorbic acid 
determination of, 

2 6 Dichlorophenol indophencj) method 
■>*»*; ’ 


Vitamin C, determination of (Cont ) 

2 4 dinitrophenyldrazine method 23'iT 
iodine titration, 2385 
potassium icdate titration, 2385 
Vitamin D, 2345 
determination of, 2346 
test for, 2346 
Vitamin E, 2350 
analysis of 2350 
alpha tocopherol 2351 
alpha tocopherol acetate, 2351,2332 
non alpha tocopherol acetates, 2353 
tocopherols nn\ed, 2352 
\ itamin G See Riboflayin 
\ itamin H See Biotin 
Vitamin k 2353 

deteimmation of m biological materials 
2358 

polarographic assa), 2356 
Vitamin kj, 23 a4 
determination of, 2355 

V uamin k 2 2354 
Vitamin k 3 , 2354 

determination of, 2355 
Vitamin k 4 2355 
Vitamin k 4 diphosphate, 
determination of, 

spectrophotometnc method, 2357 
titrimetnc method 2357 
Vitamin P P See Nicotinamide 
Volatile fatty acids, determination of, in 
fats 1462 
Volatile matter, 
determination of, 

in aluminum metal, 1308 
in coal, for smoke ordinances 1218 
in coal and coke, 1 152 
in explosives and propellants, 
o\en drying at 100°C 1291 
b) solution evacuation procedure 
1304 

vacuum oven drying at 55°C, 1294 
in magnesium metal 1321 
in natural fats 1414 
in nuroguamdine 1337 
in panics sarettshes, and lacquers, W9 
in plastics, 2056, 2068 
in polypropylene glycol, 1337 
in rubber and rubber products 2158. 
2176 

in soaps and detergents 2280 2282 
Volatilization of tin in analysis of propel 
Iants 1402 

Volhard method for chloride, 263, 264 
Voltaic cells, 168 

V olu metric apparatus, 8 
burets, 12 
calibration of, 10 
glassware labeling of, 8 
glassware, quality of, 9 
measuring pipets, 12 
transfer pipets, 12 
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Volumetric apparatus (Cont.) 

weight burets, 13 
Volumetiic units, 8 

Wagner’s reagent, 2120 

Warfarin, determination of, in pesticides, 
1910,1911,1912 
Water. See also Moistme. 

Watci analysis, 
chemical anal) sis, 2388 
chemical deteimination of, 
acidit), 2398 

albuminoid nitrogen, 2453 
alkalinity, 2399 
aluminum, 2401 
ammonia nitrogen, 2419 
peimanent coloi standards, 2452 
anionic smfactants (s)nthetic deter- 
gents), 

caibon adsorption method, 2490 
meth)lene blue colorimetric method, 
2489 

aisenic, 2403 

biochemical oxygen demand, 2458 
boron, 

carmine coloi imetric method, 2406 
potentiometric method, 2405 
cadmium, 2407 
calcium, 

complexometiic method, 2412 
oxalate methods, 2410 
caibon dioxide, 2413 

chemical (ilicht ornate) oxygen demand, 
2455 

chloride, 2414 
chlorine, 

lesidual chlorine, 
amperometric method, 2419 
iodometric method, 2415 
oithotolidine-atsenite (OTA) 
method, 2416 

peimanent color standards, 2418 
chloiine demand, 2422 
clnomium, 2423 
copper, 2 126 
c) ankle, 2427 
fluoride, 2431 

grease and oily matter, 2433 
haidness, complexometric method, 2433 
h)drogen sulfide, 2486 
iron, 2435 
lead, 2436 
lignin, 2492 
lithium, 2438 
magnesium, 
by calculation, 2441 
gravimetiic method, 2439 
photometric method, 2440 
manganese, 2441 
methane, 2442 
nitiate, 

brucine method, 2447 
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Water analysis, chemical determination of, 
nitrate (Cont.) 

phenoldisulfonic acid method, 2445 
nitrite, 2448 
nitrogen, 
ammonia, 2449 
Kjeldahl, oiganic, 2454 
oxygen consumed from permanganate, 
2456 

oxygen, dissolved, 2457 
ozone, residual, 
iodometiic method, 2461 
orthotolidine-aisenite (OTA) method, 
2462 
pH, 2462 

standaul buffer solutions for, 2463 
phenols, 2464 
phosphate, 2467 
potassium, 2470 
selenium, 

diaminobenzidine method, 2474 
distillation and sol method, 2473 
silica, 

colorimetric methods, 2476 
giavimetric method, 2475 
sodium, 

flame photometric method, 2478 
gravimetric method, 2480 
strontium, 2481 
sulfate, 

gravimetric method, 2483 
tin bidimetric method, 2483 
sulfide, 

colorimetric method, 2486 
iodometric method, 2484 
sulfite, 2489 
tannin, 2492 
zinc, 

dithizone method, 2496 
zincon method, 2499 

determination performed for ascei tailring 
water quality, 2390 
order of determinations, 2396 
physical determination of, 
color, 2424 
odor, 2493, 2520 
qualitative description of, 2494 
radioactivity, 2470 
gross beta activity, 2471 
total alpha activity, 2471 
residue (solids), 2472 
specific conductance, 2425 
taste, 2493, 2520 
turbidity, 2495 
purpose of, 2388 
reagents used, 2397 
sampling, 2391 
collection of samples, 2393 
procedures for preserving samples, 2395 
U. S. Public Health Standards, 2389 
Water, bacteriological examination of, 2500 
2505 
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bacteria indicant e of pollution, 2500 
culture media, 2508 
laboratory equipment 2506 
laboratory facilities, 2506 
results of, 2517 
sampling for, 2502 

test for bacteria of the coliform group, 
2509 

membrane filter technique, 2412 
standard test, 2515 
tests for fecal streptococci types 2516 
total bacterial count— standard plate 
count, 2508 

n ashing and stci llizing 2507 

Water, biological evuninition of 2519 
calculation of lesults 2536 
conn ol ol growths of plankton 2539 
count ol organisms 2527 
field count 2528 
snip count 2528 
suivcy count 2529 
equipment requited 2521 
identification of organisms 2529 
importance ol 2520 
liitcipretition of lesults 2538 
organisms present 2521 
plates of, 2530, 2531, 2533 
leagents requned for water treatment 
2540 

i epoi ting of obsei v ulions 2536 
nunibei ol organisms, 2538 
Sedgwick Rafter cell count cubic stand 
ard units 2537 
samples 

collection of 2523 
concentration of Sedgwick Rafter 
method 2525 
evaitun ition of 2521 
stot age of, 2523 

Water determination of, in different mate 
rials 

in bituminizcd fabrics 1022 
in bituminous materials, 994, 1972 
in 1 1 dimet In 1 hydrazine 1317 
in [enifirers 1-181 
in fuel oils 1975 
in fuming nut ic acid 1 330 
in hulrofluoric acid 582 
in hvcliazine, 1318 
in latex punt, 1627 
in nitric acid, 565 
in paint and p tint products 1619 
in petiolcum and in petroleum products, 
1972 

in pol> propylene glycol, 1337 
in propellants 1374 
in sulfuric acid, 551 

Water, determination of, methods for, 526- 
33 

absorption method, 528 
centrifuge method 1975 


Water, determination of (Cont) 
dew point method, 531 
distillation method, 529, 1042 1289 i«* 
1727, 2158 ’ ' ° 3, 

electrical methods, 529 
gas chromatography , 532 
hygrometry, 531 
infrared spectrophotometry, 532 
Karl Hscher method, 275-G, 436 o’fi 
1290, 1311, 1313. 1330, 1415 
neutron scattering 532 
nuclear magnetic resonance spectroscope, 

oven dry method, 527, 1374 
Pen field method, 528 
vacuum oven method, 1415 
Water v apor, 
deteinnnation of, 
m gases 

by electrical conductivity method, 
1552 

by wet bulb psychrometer method, 
1552 

in metals, gas analysis 1565 
in natural gas, 
dew point method, 1551 
gravimetric method, 1550 
Waxy hydrocarbons in rubber compounds 
2203, 2205, 2207 

Weathering test, for bituminous substances, 
1010 

Weighing, 6 
of acids, 535 

with nucrochemieal balance, 359-60 
Weighing buret, Blay Burkhard, 539 
Weighing tube, 

Dely, 537 

nuciochemical, 363 
snake, 538 
Weight burets, 13 
Weights laboratory, 3 
composition of, 3 
corrections of, precision, 5 
for microchemical balance, 360 
selection of, 3 
coferances for, 
class M, 5 
class S, 5 

White metal bearing alloys See Bearing 
Metal 

White pigments See Pigments 
Wright Elvove test for methanol, 21 13 
W'ijs iodine number, 1439 
drying oils, 1645 
fats, 1439 

paints, varnishes, and lacquers, 1645 
soaps, 2292 
Wood, 

analysis, 1723 
analysis for, 

alcohol benzene solubility, 1731 
ash, 1738 
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Wood, analysis for (Coat.) 
cellulose, 1739 
ether solubilit), 1731 
holocellulose, 1732 
lignin, 1737 
methoxyl gioups, 1721 
moisture (in wood chips and sawdust), 
1727 

one pet cent caustic soda solubilit), 
1730 

pentosans, 1742 
natei solubilit), 1723 
extractive-fiee, ptepaiation of, 1736 
sampling of, 1734 
solubilit) ol, 
in alcohol-benzene, 1731 
in ether, 1731 

in one per cent caustic soda, 1730 
in natei, 1723 

Wi ought iton. Sec also iton and steel, 
anal) sis of, 645 
sampling of, 648 

Xylene, use of in moistuie detetminations, 
529, 2281 

Yellow pigments. See Pigments. 

Zinc, 

detection of, in papei filler and coating, 
1815 

deteimination of, 
in aluminum metal, 1308 
in beating metal, 902 
in botosilicate glasses, 2253 
in brasses and bioti/es, 821-2 
in coppet-base allo)s, 
fetroctanide method, 821-2 
oxide method, 821-2 
in iton and steel, 756 


Zinc, deteimination of (Cont.) 
in paint pigments, 1694 
in soils, 2324 
in sulfutic acid, 550 
in watei, 

dithi7one method, 2496 
zincon method, 2498 
piecipitants fot, 108, 137, 161 
tests lot , 59, 80 

Zinc aisenite, deteimination of, in pesticides, 
1855 

Zinc-base die-casting alloys, analysis for, 
aluminum, 916 
coppet, 918 
magnesium, 916 
tin, 918 

Zinc metal, deteimination of, in paint, 1702 

Zinc oxide, 
anahsis of, 1343 

deteimination of, in lubbei compounds, 
2218 

Zinc pigments. See Pigments. 

Ztnc iesinate, inflated absoiption spectium 
of, 1714 

Zinc many! acetate, microdetermination of 
sodium, 429 

7inc )cllow pigment, 1699 

Zincon, 2499 

Zineb, deteimination of, in pesticides, 1912 

Zwihker test for baibituiates, 2122 

Znconium, 
determination of, 
in borosilicate glasses, 2253 
in clays and feldspais, 2263 
in lead glasses, 2251 
in iron and steel, 720 
m quaitz sand, 2260 

piecipitants for, 108, 111, 115, 116, 137, 
148, 161 
test foi, 59, 70 
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Adsorption indicators, 263 
Alizarin blue, 110 
Alizarin S, 54, 56, 58 
Alummon 778, 850, 2401 
Aluminum, standard solution, 2401 
p Aminoacetophcnone, 110 
p Aimnodimethslamlme, 2487 
1 Ammo 2 naphihol 4 sulfonic acid, 2235, 
2468 

Ammonium acetate 
for calcium, 1069 
for soil extraction, 2325 
benzoate, 112 

chloride, standard for water anal) sis, 2450 
hexamtratoccrate(IV) See also ceric so 
lutions 
for siher, 58 
molybdate, 
for arsenic, 2403 
for lead, 723 

for phosphorus, 667, 766, 793, 1159, 
1491 

oxalate 2410 
persulfate 785, 888 
thiocyanate, 857, 1196, 1825, 1859 
\anadate 853 855 
Anthranilic acid, 110 
\ntimom trichloride 2313 
Arsenic, Gutzeit reagents 2129 
Arsenious acid standard arsenic solution 
for pesticides 1849 
for toxicology 2130 
for water anahsis, 2403 
Arsenite See sodium arsenite 
Azo \lolet, indicator, 282, 461 

Barium chloride, 1155 1202, 2013 
diphemlaminesulfonate, indicator, 1057 
hydroxide, 262 

Benzcnednzonium chloride, 1001 
Benzidine, for csanide 60 
for ferric) amde, 60 
foi persulfate, 61 

Benzidine h\drocholride, for sulfate and 
tungstate, 112 
a Benzildioxime 112 
a Benzoinoxuue, 113 
for molybdenum, 707 
Benzoiriazole. 113 

A Benzoylphenylhydroxylamine, 114 
Bismuth, standard solution, 914 
Boric acid, 0 1 A, 2255 

Boron, standard solution, 2132. 2323, 2105 
Brilliant green lactose bile broth, 2510 
Brilliant yellow, 2440 


Bromate bromide solution, for phenols, 2466 
for unsaturation, 422 
Bromcresol green, indicator, 257, 2498 
Bromcresol purple, indicator, 257, 824 894 
Bromphcnol blue, indicator, 1876 ’ ' ’ 
Bromthymol blue, indicator, 257 
Brucine, 545, 2447 

Buffer solutions for water analysis, 2463 

Cadmium, standard solution, 2407 
Cadmium acetate, sulfur reagent, 2209 
chloride, sulfur reagent, 1062, 1542 
sulfate, sulfur reagent, 2007 
Calcein, indicator, 268 
Calcium standard solution 
for water hardness, 2434 
for silicates, 2236 
Carmine, for boron, 2406 
Carminic acid, for boron, 2132 
Ceric ammonium nitrate See ceric solu 
lions 

Ceric solutions, standardized, 272, 462 
Ceric sulfate See cenc solutions 
Chloramine T, 2428 
Chloranilic acid 115 
Chlonmide reagents, 2370 
Chlorine, standard solution, 2422 
4 Cliloro 4' aininodiphenyl, 115 
Chlorophenol red. indicator, 257 
Chromium, standard solution, 2242 
Chromotropic acid, 56, 58 
Chromous chloride, for oxygen determina 
tion, 1515 

Cinchonine, for sulfur, 675 
for tungsten, 713, 790 
Cobalt, standard solution, 2242 
Cochineal, 58 

Color standards, permanent 
ammonia in water, 2452 
chlorine in water, 2418 
silica in water, 2477 
sulfide in water, 2487 

Copper, standard solution, 2152, 2243, 2126 
Copper sulfate, for copper number of paper, 
1828 

m Cresol purple, indicator, 2181 
Cresol red, indicator, 257 
m Cresoxy acetic acid, 116 
Crystal Molet, indicator, 1396 
Cupferron, 116 
for aluminum, 789 
for beryllium 743 
to titanium 719, 808 
for \anadium, 706 
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Gupiammomum solution, for paper pulp, 
1758 

Cuprethol, 2426 
Cupric acetate, for cyanide, 60 
Cupriethy lenechamine solution, foi paper 
pulp, 1780 
Cuprizone, 2243 
Cupioin, 56 

Cuprous chloride, acid, for CO in gas, 1516 
Cuprous sulfate beta naphthol, for CO in 
gas, 1516 

Cui cumin See tuimeiic 
Cy amde, standard solution, 2428 
for hemoglobin, 1098 

Cjanogen bromide, foi nicotinic acid, 2367 

Demasking, 164-5 

Denigcs reagent, 2113 

3,3’ Diammobenzidine, 2474 

4 4' Diaminotolane, 118 

5,7 Dibiomo 8 hydioxyqumohne, 118 

Dichlorofluoiescein, indicator, 263 

2 6 Diclilorophenol mdophenol, 1080, 2386 

Dichromate See potassium dicliromate 

Diethyldithiocarbamate, for copper, 2152 

Digitonin, 1088 

j> Dimethylannnobenzalihodanme, indica 
tor, 2428 
foi gold, 56 

Dimethylglyoxime, 57, 118, 691, 697, 851, 881 
Di p mtropheny Icarbazide, for cadmium, 55 
Diphenylaminesulfonic acid, indicator, 269, 
827, 1057, 1201, 2267 
Diphen)lbenzidme, 58 
Diphenylcaibazide, 55, 60, 2242, 2423 
Diphenylcaibazone, indicator, 1088 
foi mercury , 57 
D query lamme, 118 
2 2' Dipyridyl, for lion, 56 
Ditlnzone, 56, 59, 194, 2140, 2142, 2408, 2437, 
2497 

Doctor solution, 2005 

EDTA solution, standardized, 268, 1694, 
2236,2434 

Ehrlich s leagent, foi amino acids, 932 
modified, 1129 
Eosin, indicatoi, 263 

Euochrome black T, indicatoi, 267, 1314, 
2434 

Ternc alum, indicator, 263, 500, 1876 
1 erric ammonium sulfate, for titanium, 1825 
I erne nitrate, for salicylic acid, 2123 
I errous ammonium sulfate, standardized, 
769, 781, 785, 845, 2273 
renoin, indicator, 269 
riuorescein, indicator, 60 
riuoride, standaid solution, 2256, 2431 
Euchsm sulfite reagent, 467 
P rui fui aldoximc, 119 
a E m lldiovmic, 120 


Glyoxal bis(2 hydroxy anil), 55 
Guess reagent, 1556 

Harms iodine monobromide solution, 477 
Heptoxime, 117 

Hydiochlonc acid, 0 1 N, standardized, 258 
Hydioquinone, 120 

2 (o hychoxyphenyl)benzimidazole, 120 
2 (o hychoxyphenyl)benzo\azole, 121 
8 Hydroxy quinalchne, 121 
8 Hydioxyquinoline, 59, 122, 717, 824, 894, 
2234 

Indicators, acid base, 257 
adsorption, 263 
metal, 267-8 
mixed, 257, 293 
oxidation reduction, 269 
for pH deteimination, 289-91 
unnersal, 293 

Imert sugai solution, for boron, 776 
Iodine, 0 1 A , standaidized, 274, 2231 
for antimony , 837 
foi arsenic, 1849 
for chlonne, 2120 
foi starch, 1809 
for suliur, 1540 
foi tin, 801, 819 
Iodine monobiomide, 477 
Iodine monochlonde, 1439, 1897, 2067 
as catahst, 272 

Iodine potassium iodide, for alkaloids, 2120 
Iron, standaid solution, 2155, 2244, 2434 
foi paper, 1830 

Kail Tischei reagent, 275, 1292, 1415, 2069 

Lead acetate, 2129 
cotton foi Gutzeit method, 2129 
papei, for hydrogen sulfide, 1539 
Lithium, standard solution, 2438 

Magnesia mixtuie, for phosphorus, 667 
Magnesium, standard solution, 2440 
Magnesium uranyl acetate, for sodium, 2240 
Magneson, foi magnesium, 57 
Mandehc acid, 122 

Manganese, standard solution, 2441, 2214 
Manganese suhate, standard solution, 2153 
Maiquis reagent, 2121 
Masking, 152-61 
Mercaptobenzothiazole, 123 
Mercuric acetate, for unsaturation, 1339 
Mei curie bromide paper, for Gutzeit 
method, 2403 

Mercuric nitiate, standardized, 265, 1087 
Mercuric perchloiate, standardized, 255, 265 
Mercuiy, standaid solution, 1882 
Methylene blue, 57, 58 
for plastics, 2050 

for synthetic detergents, 2286, 2489 
Methyl orange, 257, 834, 839 
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Methyl purple, indicator, 2023 
Methyl red, indicator, 257, 916, 2307 
Methyl wolet, paper, 1334 
Methyl yellow, indicator, 257 
Millons reagent, 2122 
Molybdenum. standard solution. 711 
Mohbdenum blue solution, 2323 
Morin, for beryllium, 55 
Murexide, indicator, 268 

a Naphtholphthalem. indicator, 2307 
(3 Naphthoquinoline, 123 
Naphthtlamme leagents nitrites in water, 
2449 

Neocupferron 124 
Neocuproine, 604, 690, 1310 
Nesslers solution, for ammonia, 564, 636, 
1109, 2328 

Neutral red indicator, 257 
Nickel standard solution, 2245 
Nmludrm, for amino acids, 939 
Nio\ime, 117 

Nitrate, standard solution, 2318, 2445 
Nitnte, standard solution, 2448 

p Nurobenzeneazoresoicmol, for magnesium, 
57 

p Nurobenzeneduzonium chloride for am 
moma 54 

in Nitrobenzoic acid 124 
Nitron, 125 

p Nitrophenol, 2010, 2255 
p Nitrosodiphemlamme for rhodium, 58 
1 Nitroso 2 naphthol 56 125,715 885 
Nitroso R salt 716 884,2242 

Osmium tetroxidc, catalyst, 272 
Oxidation reduction indicators, 269 
Oxinc See 8 hydroxi quinoline 

Palladous chloride, 213 1 
Pirfentje' ammonium sulfate leagetu, 1093 
Patton and Reeder indicator, 2237 
Perchloric acid, standardized, 280, 470 
Periodic acid, 2293 

9CTrm<T/gavi7>Yt Sz-t pOVasyrcim permanga 
nate 

I 10 Phenamhrolme, 872 911 2244, 2435 
1,10 I’henanthroline fcnous sulfate, indica 
tor, 257 

Phcnolphthalem indicatoi, 257, 670 2397 
Phenol red indicator, 257 
I’henolsulfomc acid, for nitrates in water 
2317, 2445 

Phemlarsenoxide, standard solution, 2420 
Phcnylarsomc acid 111 
Plienyltluohidamoic acid, 126 
Phosphate, standard solution, 2323 
PhosphoUingstic acid 
for alkaloids, 2120 
for amino acids, 917 
Phthalic acid, 126 


Picrolomc acid, 126 
Platmic iodide, for amino acids. 930 
Potassium, standard solution, 2261 
buodate, standardized, 2416 
bromate, standardized, 277, 834, 899 2220 
chloride, standardized, 263 
chiomate, indicator, 263, 2414 
cyanide, standardized, 266 
for copper, 1870 
for nickel, 694 

dichromate, standardized, 271. R°7 asr. 

1057, 2267 ' ’ ’ 

dipheuylanunesulfonate, indicator, 2267 
lerroc) amde, for zinc, 821 
hydroxide, for carbon determination, 1514 
hydroxide alcoholic, for hydroxyl xalue, 

lodate, standardized, 678, 811, 1317 
for sulfur, 893 
for tin, 801,819, 877,897 
periodate, 874, 889 
permanganate, standardized, 270, 770 
for calcium, 1072, 1852 
for sulfide, 1061 

for water, oxygen consumed, 2456 
pohsulfide, 1887 
thiocyanate, standardized, 263 
Piecipitants for chemical microscopy, 339 
Propylarsonic acid, 111 
Pyridine pxrazolone reagent, 2428 
1 (2 pyndylazo) 2 naphthol (PAN), indica 
tor, 2238 
INrogalloI, 127 

Pyrogallol, alkaline for oxygen, 1515 
Pxrogallol, for niobium and tantalum, 728 
Pyrotannic acid, 2109 

Qmnaldine red, indicator, 2322 
Quinaldinic aad, 127 
Quinalizarin, 2323 
Quinoline 8 carboxylic acid, 128 

Rhodamine B, for antimony, 55 
for gallium, 56 
Rhodizonic acid, 58 
W-xforarnt. "itri, Vu. f/i 


ScluH Elxote reagent, 2112 
Schiff s fuchsin bisulfite reagent, 467 
Schonbein reagent, 2111 
Silica, standard solution, 2476 
Silicon dioxide, standard solution 2235 
Silicotungstic acid, 1885, 2120 
Siher nitrate, standardized, 262, 1880, 24H 
Sodium, standard solution, 2261, 2479 
acetate, standardized, 279 
arsemte, standardized, 
for chlorine m water, 2417, 2420 
for manganese, 659, 792, 830, 888, 2.6 
azide, 2423 
biphenyl, 1862 
carbonate, standardized, 2414 
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Sodium (Cont.) 
dicthy ldithiocarbainate, 2152 
diphemlaniinesulfonate, indicatoi, 1201 
hydroxide, standaidized, 260, 2023 
hy dioxide, alcoholic, 455 
h\pobiomite, 2403 
methoxide, 281, 1865 
methylate, 281, 1865 
molybdate, foi phosphoius, 1423 
naphthionatc, 129 

fl-iiaplHhoqiiinone-4-sulfonate, loi amino 
acids, 1077 
nitropiusside, 61, 62 
foi amino acids, 930 
mdicatoi , 265, 2565 
plumbitc, foi bismuth, 55 
[oi sulfur in peti oleum, 2005 
pyiophosphate, 1894, 1895 
sulfide, 2063 

tctiachloromeicuiate, foi SOo, 631 
tctiaphenylboion, 131, 1122, M00, 1500 
thiocyanate, 887 

thiosulfate, standaidized, 274, 1835, 2293 
foi coppei, 799 

for dissohed oxygen in watei, 2457 
Soienscn’s buirci, 2356 
Stannous chloiide, 803, 827, 886, 2267 
Starch, indicatoi, 273, 681, 682, 2294, 2398 
Staich solution, foi amylase detei initiation, 
1079 

Stiontium, standard solution, 2481 
chloiide, 2102 

Snlfanilic acid, for ninites in natei, 2149 
Sulfate, standaid solution, 2484 
Sulfuiic acid, standaidized, 260 

Tannin, 129 
Tetrabase, 61 
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Teti.ibutylainmoiiiuni by dioxide, standaid- 
lzed, 282 

Teti aphony laisonium chloiide, 130 
Tetiaplienylboion. See sodium tetiaplienyl- 
boion. 

Thioacct.tiiiicle, 131 
Thiogly colic acid, 2401 
Thionalide, 131 

Thiosulfate. See sodium thiosulfate. 
Thiouiea, 915 

Tin mol blue, indicatoi, 257, 282, 461 
Thymolphthalein, indicatoi, 257, 1846 
1 in, standaid solution, 819 
I itanous chloiide, 498 
standaidized, 1196, 1392 
Topfei’s reagent, 1093 

o-Tolidine, foi chloiine, 570, 2417 
Tiiphenyliiiethylaisoimini iodide, 132 
Tiiphenyltm chloiide, 132 
ruimeiic, loi boion, 59, 741 

li.ui\l nitiate, indicatoi, 821 

\’an.idium, standaid solution, 2272 
Wagner's solution, 2120 
Wijs' iodine monochlonde solution, 1439 
Zimmermann-Reinhault leagent, 1903 
Zinc, standaid solution, 2497 
Zinc-mtuc acid solution, 2210 
/me sulfate, ammoniacal, foi sulfui, 678, 
1062, 1542 

/inc inaml acetate, foi sodium, 58, 1120, 
2480 

/nicoii leagent, 2499 

Ziiconium-alizarin indicator, foi fiuoiine, 
1328,2131 

Zirconyl chloiide, 2256 



